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Abstract 
 
Unmanned vehicle systems are becoming more important in the future of the military 
and in commercial applications.  These systems are used to prevent humans from 
entering dangerous situations or to automate dull tasks.  In order to facilitate rapid 
development of these systems, testing procedures and infrastructure need to be 
created.  Once developed, the performance characteristics of unmanned vehicle 
systems can be determined and compared to similar systems. This information will 
be beneficial to system developers and potential customers. 
 
In order to provide the infrastructure and test procedures to the unmanned systems 
community, the Joint Robotics Program created the National Unmanned Systems 
Experimentation Environment (NUSE2).  NUSE2 consists of a variety of military 
organizations and academic resources, including the Joint Unmanned Systems Test 
Experimentation and Research (JOUSTER) site at Virginia Tech.  JOUSTER was 
tasked specifically with creating a mobile instrumentation platform capable of 
providing wireless communications, data collection, and video coverage of a testing 
site.  
 
This thesis presents the system designed and created to meet this need.  For the first 
time, a mobile instrumentation platform has been created to specifically support 
unmanned systems research.  Additionally, the performance characteristics of this 
system have been fully evaluated and will serve as a benchmark for future 
improvements to the system.   
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Chapter 1: Introduction and Literature Review 
 

With unmanned systems becoming more prevalent in military operations and 

civilian enterprises testing and validation procedures and standards are necessary. 

According to the National Research Council, “no quantitative standards, metrics, or 

procedures exist for evaluating autonomous mobility performance, particularly off-

road” [1].  As a result, competing systems in the market place have little or no basis 

for comparison. 

Currently, few sites have the infrastructure, equipment, and procedures to 

adequately test unmanned vehicle systems and provide reliable performance data to 

the developers.  Additionally, many sites are located on active military bases which 

impose strict regulations and have limited availability due to other high priority 

activities [2].  As a result, the military has recognized the need for dedicated 

unmanned systems testing environments and is currently developing the technology 

and practices to fully characterize these systems.   

1.1: Project Overview 
 

In 1990 the Office of the Secretary of Defense recognized the need to 

consolidate all the ground vehicle robotics projects into the Joint Robotics Program 

(JRP). With the creation of the JRP, all branches of the military had a single point of 

management and coordination for all robotics related projects [3]. As a result, the 

goals of the Department of Defense could be managed more efficiently and 

effectively.  

 Identified as one of the goals of the JRP was the ability to use Commercial 

Off the Shelf (COTS) technology to streamline research and development and reduce 

life cycle costs [4]. In order to advance this goal and provide the unmanned systems 

community with increased capability to conduct experimentation and promote 

technology transfer, the National Unmanned Systems Experimentation Environment 

(NUSE2) was created in 2004 [5].  NUSE2 includes military, experimental, and 

academic resources of which Virginia Tech is a member.  

 In June of 2004 Virginia Tech was granted a contract from the Army’s 

Research, Development & Engineering Command (RDECOM) to develop the JOint 

Unmanned Systems, Test, Experimentation, and Research (JOUSTER) site.  As one 
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of the assets of NUSE2, one goal JOUSTER was tasked with was the development 

and implementation of a Mobile Instrumented Platform (MIP) for data collection, 

video recording, and communications [2].  The work presented in this paper will 

focus on the development and implementation of a Mobile Instrumentation Platform 

(MIP) used in the JOUSTER site infrastructure and related experiments.  

1.2: Motivation  
 

JOUSTER was created to promote unmanned systems testing and develop 

standards and metrics for evaluating vehicle performance [6].  To accomplish this 

goal, JOUSTER was required to develop the infrastructure and practices to perform 

real world vehicle experiments [7, 8].  One JOUSTER project, the MIP, was 

established to provide a flexible, portable, and wireless system for site 

instrumentation and data collection to aid in the development process of unmanned 

vehicle systems and related technologies. 

 One application for the use of the MIP technology is within the framework of 

the Future Combat System (FCS) currently in development by the Army.  A main 

focus of the FCS is the dissemination of battlefield information up and down the 

command chain.  To accomplish this goal, the FCS will rely heavily on high-

bandwidth, long range, and secure digital networks.  This network, shown in Figure 

1.1, is described as: 

“The Army’s Future Combat Systems (FCS) network 

allows the FCS Family-of-Systems (FoS) to operate as a cohesive 

system-of-systems where the whole of its capabilities is greater 

than the sum of its parts. As the key to the Army’s transformation, 

the network, and its logistics and Embedded Training (ET) 

systems, enable the Army to employ revolutionary operational and 

organizational concepts.  The network enables Soldiers to 

perceive, comprehend, shape, and dominate the future battlefield 

at unprecedented levels as defined by the FCS Operational 

Requirements Document (ORD) [9].” 
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Figure 1.1:  Future Combat System Network General Scope (www.globalsecurity.org) 
 
With the network having a critical role in the combat environment, validation of 

technology and systems will be absolutely necessary.  The capabilities of the MIP 

will provide a platform for evaluating the components which make up this future 

network to ensure functionality. 

 The network described in the FCS is a part of a broad reaching goal of the 

Department of Defense (DoD) to transition the military from a platform-centric force 

into a network-centric force. The term network-centric-warfare (NCW) is described 

by the DoD in a report to Congress as,  

“NCW represents a powerful set of warfighting concepts 

and associated military capabilities that allow warfighters to take 

full advantage of all available information and bring all available 

assets to bear in a rapid and flexible manner [10].” 

This concept will allow the Armed Forces to enhance military effectiveness by 

ensuring the information necessary to make wartime decisions is accurate and 

available to the personnel who need it most. Described as “the single most important 

contributor to combat power [10],” the NCW concept cannot be achieved easily and 

will require many years of research and development.  The DoD recognized this 

problem and stated to Congress,  

“Far more needs to be done to develop, test, and refine 

network-centric concepts of operation and co-evolve them with 

3 



 

doctrine, organization, command approach, systems, and the other 

components of a mission capability package [10].” 

The MIP is a system designed to provide the functionality and flexibility necessary to 

aid in the development of network-centric systems.  Having the ability to easily 

collect and record data, be reconfigured to support alternative equipment, and 

facilitate real-world testing in any locations will provide engineers with the means to 

fully evaluate their systems. 

The Joint Architecture for Unmanned Systems (JAUS) Working Group has 

experienced this capability firsthand.  The Working Group is currently developing a 

standard messaging set, JAUS, for use in all unmanned vehicle systems associated 

with the JRP [11].  Using this message set, robotic platforms, controllers, and 

payloads from different suppliers will be able to communicate to each other through 

a common language.  The Working Group recognized the need for testing and 

verification of JAUS and requested the use of the MIP during their Operator Control 

Units and Payloads (OPC) Committee experiment held in August, 2004. Figure 1.2 

illustrates how the OPC made use of the MIP’s network communications and data 

logging capabilities.  The recorded information was used to verify proper function of 

JAUS and OPC members gained valuable feedback on where improvements could be 

made to the standard. 

Operator Control Unit

Wireless Network
 provided by MIP

Unmanned Vehices

Payloads on Vehicles

Message 
Intercept 

and Record

 
Figure 1.2: The MIP's role in a JAUS experiment 
 

As the need for testing and validation of systems increases, the importance of 

equipment such as the MIP becomes critical.  The unique ability of the MIP to 

provide a reconfigurable instrumentation system and scalable communications 

network will provide the framework necessary for future experiments.  This is 
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consistent with the NUSE2 goal to “provide the unmanned systems community the 

unprecedented capability to conduct experimentation and promote technology 

transfer by fostering a synergistic and synchronized relationship between 

government, contractors, commercial business, small business, and academia with 

scientists, technologists, product developers, testers, and users [12].”  
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Chapter 2: MIP Project Objectives 
 

Unmanned systems, in general, contain a considerable number of vehicle 

types ranging from small aerial vehicles to ground vehicles weighing over 30,000 

pounds.  With such a broad range of vehicle types, experiments will constantly 

evolve to meet the needs of the unmanned systems community. The MIP must be 

able to provide support for ground, aerial, or surface experimentation. With such a 

broad reaching goal it was necessary to clearly define the project objectives which 

would guide the design.  

Mechanically, JOUSTER management required the MIP to be capable of 

surviving environments with heavy rain, winds of 30 MPH, ice, temperatures 

between -20°F and 120°F, sand, mud, and salt water.  Management also required the 

MIP to be deployed and operational by two people in fewer than thirty minutes, 

ready for transport in less than thirty minutes, and have an expected life of at least 

five years.  These requirements were formed through input from personnel in the 

unmanned systems community and experience gained during previous experiments.  

The base platform, shown in Figure 2.1, was chosen due to its transportability, 

weather resistance, and available space to support test equipment.  

 
Figure 2.1: Base trailer used for construction of the MIP 
 

Electrically, the MIP should be capable of continuous operation over a 24 

hour period, support a wide variety of sensors, provide onboard AC and DC power, 

and provide over-current protection for all connected components.  Additionally, all 
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of the equipment must be located on the base platform and suitable for transportation 

on and off-road.    

With unmanned systems testing only beginning to evolve, the instrumentation 

and techniques used to gauge performance are relatively unknown.  Therefore, 

management suggested a basic set of components necessary to meet the requirements 

of the Statement of Work. This included a pan/tilt/zoom video camera, a weather 

station (providing temperature, relative humidity, barometric pressure, and wind 

speed), a Global Positioning System (GPS) system used to provide position 

corrections, and wireless communications equipment. While this instrumentation 

would serve to provide basic data associated with the testing site, it was unknown if 

test engineers would require additional instrumentation.  This unknown requirement 

forced the design of the MIP to be modular and capable of supporting the basic 

equipment while providing an option for expanding instrumentation.  As a result, the 

electrical and mechanical designs were created with expansion and reconfiguration in 

mind.  

Finally, a key function of the MIP, detailed in the SOW, is to provide 

communications capabilities to the experimentation site.  JOUSTER management 

expanded upon this and required the communications system to be commercially 

available, wireless, provide a range of at least 1 mile while supporting a data rate of 

11 Mb/s, have the ability to be encrypted, and be reconfigurable. Ideally, in order to 

provide the best wireless coverage to a testing site, the MIP should be placed in 

locations with no obstructions, such as trees, which could create dead zones in the 

wireless coverage.  However, in order to provide the most flexible system possible 

this restriction is unrealistic.  Therefore, the MIP should be capable of operation as a 

stand-alone unit or in conjunction with multiple MIPs networked together to extend 

the wireless coverage area and eliminate possible dead zones.  

 

2.1: Technical Challenges 
 
 Creating a mobile instrumentation platform capable of meeting the needs of 

multiple users, supporting changing test instrumentation, withstanding a variety of 

environments, and providing a scaleable communications network introduces 
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numerous technical challenges.  Specifically, areas of consideration are the 

mechanical design, electrical design, instrumentation, and network architecture. 

 Mechanically, the MIP must be capable of meeting the demanding needs of 

testing military equipment.  Because many unmanned systems are destined for 

military use and are designed for operations in rugged areas, the MIP must be 

capable of operating in these environments.  Experiments could be based in cold 

regions or desert environments with temperatures reaching -20°F to 120°F and 

anywhere in between.  Additionally, experiments could be conducted in any weather 

condition including rain, snow, sleet, or sun.  Such broad ranging environments 

required a great deal of forethought and planning during the design.  Factors such as 

safety, material selection, durability, cost, human interactions, and packaging were 

all considered when adding mechanical elements to the design of the MIP.   

 Simultaneous development of the mechanical and electrical systems of the 

MIP was a key factor in creating a successful design.  While most mechanical 

elements of the MIP were designed to protect the electrical equipment, the electrical 

components were still required to meet the environmental specifications set by 

management.  Challenges were encountered when weighing equipment cost with 

function and intended use of the system.  During the design process, it was necessary 

to fully reconsider the electrical design of the first generation MIP and implement 

significant changes to improve the modularity of the second generation system. For 

example, unknown variables, such as the voltage and current requirements of 

different sensors, required considerable thought to determine a flexible power 

distribution solution.  Additionally, attention to safety, reliability, maintenance, and 

documentation were balanced with the requirements set forth by management. 

 While determining the instrumentation necessary to evaluate unmanned 

systems was not within the scope of the MIP project, possible equipment had to be 

considered.  Challenges were encountered when trying to provide the flexibility, 

within the mechanical and electrical systems, to support a variety of instrumentation.  

Evaluation of the first generation MIP provided significant insight on how to 

improve the system and overcome these challenges.  

 One piece of instrumentation within the scope of the MIP project was the 

communications equipment.  As directed by the SOW, the MIP should be capable of 

providing communications and data collection capabilities to the test environment.  

Further refinement of this requirement came from project management, however, the 
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details of the network architecture were left undefined.  This required the evaluation 

possible network types in order provide a standard solution for customers and allow 

for future changes.  Two general network types under consideration were a mesh 

network shown in Figure 2.2, and a point-to-multipoint network shown in Figure 2.3.   

 

 
Figure 2.2: Mesh network architecture [13] 
 

 
Figure 2.3: Point-to-multipoint network architecture 
 
Each network type met the requirements from management, however, the 

complexities and commercial availability of equipment had to be considered.  

Selecting the appropriate equipment to fit into the overall design, meet the 
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requirements of management, and provide reconfigurable equipment proved to be 

especially challenging. 

 The combination of components onboard the MIP was designed to provide 

the most flexible and scalable system possible.  Each aspect of the design, from the 

mechanical, electrical, and network design to the basic instrumentation, was selected 

to fulfill the requirements of JOUSTER management and the unmanned systems 

community.  Balancing all these elements of the design and producing a finished 

product was a daunting task. This document will provide the reader with an overview 

of a developed prototype, its shortcomings, and the design and testing of the next 

iteration in the design.  
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Chapter 3: First Generation MIP Overview 
 

 In June 2004, JOUSTER received funding to begin research and development 

of the equipment and procedures necessary for a mobile experimentation site.  From 

the start, JOUSTER was tasked with developing a MIP for an August 2004 

experiment which would make use of the network communications, data collection, 

and video capabilities onboard the MIP.  The design, construction, and 

implementation of the first generation MIP was rushed and mainly created to support 

the August experiment. This chapter will present an overview of the first generation 

MIP shown in Figure 3.1. 

 
Figure 3.1: First generation MIP designed for the JAUS OPC experiment 
 

3.1: Mechanical Design  
 
 Mechanically, the first generation MIP was simple, functional, and designed 

and fielded in a three month period.  As shown in Figure 3.1, the base platform on 

which all instruments would be placed, consists of an extendable aluminum tower 

from Aluma Tower Inc.. This base platform not only provides the necessary 

portability, but also outstanding weather resistance due to its all aluminum 

construction. Initially, the tower rests on the two vertical supports extending from the 

bed of the trailer, when in use the tower pivots on the rear support and is secured to 

the base trailer.  Outriggers are then extended to provide stability and optional guy 

wires can be used for operations in high winds.  The tower can then be extended 
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using an electric winch up to a maximum height of 50 feet.   In addition to the base 

tower, Aluma Tower Inc. constructed a three-arm instrumentation tree to be placed 

onto the top of the tower, shown in Figure 3.2, and a cable reel located on the base 

trailer.  

 
Figure 3.2: Three-arm instrumentation tree used on the prototype MIP 
 

Working from the base trailer, the components necessary to support the 

August experiment were added.  Mechanically, these included an electronics 

enclosure located on the base trailer, shown in Figure 3.3, junction boxes for data and 

power connections, mounts for instrumentation and communications equipment, and 

an enclosure for electronics located on the instrumentation tree. The main electronics 

enclosure (MEE) would protect the electronics equipment which would supply AC 

and DC power to the entire system.  Electrical conduit and junction boxes, shown in 

Figure 3.4, were used to route DC power to the secondary electronics enclosure 

(SEE) located on the instrumentation tree and provide a network port at the base of 

the trailer.  
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Figure 3.3: Main electronics enclosure (MEE, red) and secondary electronics enclosure (SEE, blue) 
used to house the electrical system 
 

(a) 

(b) 

 
Figure 3.4: Location of the three junction boxes (a) and a schematic representation of the function of 
each box (b) 
 
 Installation of the MIP is accomplished by first extending four outriggers and 

leveling the trailer.  Once leveled, the instrumentation tree can be installed with the 

tower in the lowered position. This requires two people to support the tree while a 

third person positions the tree into the tower and secures it with three retaining pins. 
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Next, the electrical and network connections from junction box #3 to the Main 

Electronics Enclosure can be made and any additional instrumentation installed.  

Having completed the electrical connections the entire tower is then raised, using a 

hand crank, to its upright position, shown in Figure 3.5, and secured to the trailer 

with a retaining nut at the base of the tower.  An electric winch permits the tower to 

be extended from 25 feet up its maximum height of 50 feet, however, the addition of 

guy wires may be necessary for safety when the tower is at its maximum height.  

 

 
Figure 3.5: Raised position of the MIP 
 
 Securing the MIP for transportation is also an involved process. First, the 

entire installation procedure is reversed and the instrumentation tree removed.  Once 

removed, the instrumentation tree must be transported in a suitable cargo vehicle as 

there is no integrated method for transporting it onboard the MIP itself. Next, the 

tower is lowered using the hand crank and secured to the base trailer supports using a 

tie-down strap.  Finally, the electrical cables are secured and the trailer can be 

attached to any vehicle with the proper towing capabilities.   

 

3.2: Electrical Design 
 

 As with the mechanical system, the electrical design of the first generation 

MIP was created specifically to support the equipment necessary for the August 2004 
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experiment.  With a three month development period, little attention was paid to 

creating a modular system capable of future expansion.  However, the system did 

function as a proof of concept and provided valuable feedback used in the design of 

the second generation MIP.  The electrical system can be broken down into three 

main regions, power generation in the Main Electronics Enclosure (MEE), power 

distribution and computing in the Secondary Electronics Enclosure (SEE), and the 

instrumentation.  

 Power generation and conditioning components are located in the electronics 

enclosure on the base of the trailer and highlighted in Figure 3.6.  These electronics, 

shown in Figure 3.7 provide AC and DC power to the entire MIP system.  Detailed in 

Figure 3.7 (b), a hybrid-power system supplies DC power to the MIP and consists of 

a generator used to provide continuous power to a four-bank battery charger which 

maintains the batteries at peak capacity. DC power is then routed from the batteries 

to separate DC-DC converters supplying the instrumentation with 12 VDC and 48 

VDC. The voltage output of the regulators was chosen based on the requirements of 

the instrumentation used on the MIP.  AC power is also supplied by the onboard 

generator and is distributed using an AC junction box.  Inside the AC junction box, 

ground fault interrupt (GFI) circuit breakers are used for safety and to protect the AC 

equipment from damage. 

 

 
Figure 3.6: The lower electronics enclosure (red) contains the power generation and conditioning 
equipment 
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(a) 

(b) 
 

Figure 3.7:  Inside the main electronics enclosure (a) and schematic representation (b) 
 
 From the MEE, DC power is routed to the SEE and used to power the 

equipment inside the enclosure and components placed on the instrumentation tree.  

Figure 3.8 highlights the location of the secondary electronics enclosure in reference 

to the MIP and Figure 3.9 shows a schematic representation of the components inside 

the enclosure.  Power distribution and circuit protection is implemented using 

automotive style fuse blocks and standard ATO blade fuses. A National Instruments 

Compact FieldPoint functions as the computing and data acquisition system and 

allows users to remotely interact with and monitor instruments over the 

communications network.  An 8-port ethernet switch is used to connect the 

communications equipment, instrumentation, and computer to the same network.  
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Figure 3.8: Secondary electronics enclosure (red) contains power distribution components and limited 
computing ability 
 
 

 
Figure 3.9: Schematic representation of the secondary electronics enclosure 
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Instrumentation supported by the first generation MIP was selected to meet 

the needs of the SOW and provide additional basic site monitoring capabilities.  As 

directed by the SOW, the MIP must be able to provide communications capabilities 

to a testing site.  To meet this requirement Cisco Systems communications equipment 

was chosen due to its industry proven reliability and its wide range of network 

configuration options.  A wireless IEEE 802.11b/g access point is used to provide 

site coverage with data rates up to 54Mbps (Megabits per second) for data 

transmission and communications to client devices.  In order to relay this information 

back to a central command center for processing and visualization an IEEE 802.11a 

bridge capable of data rates up to 54Mbps is used.  To supplement the 

communications equipment a weather station, pan/tilt/zoom camera, and global 

positioning reference station are included in the prototype system. These instruments 

were chosen to provide additional site data which could be useful in a testing 

situation.  

Designed and implemented in a three month time frame, the first generation 

MIP was created to serve as a proof of concept and used to gain valuable knowledge 

of the capabilities of the MIP.  The focus of the design was to create a functional 

system capable of meeting the requirements described by the SOW and JOUSTER 

management.  The resulting first generation MIP fulfilled these requirements and 

provided valuable insight into the needs and requirements of test engineers which 

would be used in the design of the second generation MIP.   
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Chapter 4: Second Generation MIP 
 

The first generation MIP was a simple system which proved the concept was 

feasible and provided much needed insight as to how the system should be used.  

Initially, the MIP was designed with little knowledge of how the product would 

actually be used during an experiment.  After fielding the prototype MIP for a 

number of experiments the entire system was evaluated and areas in need of 

improvement were noted. This evaluation identified various mechanical, electrical, 

and functional drawbacks of the first generation MIP. The following sections will 

detail the mechanical elements that needed improvement including the overall layout 

and function of components on the MIP, the design and function of the 

instrumentation tree, the placement of components in the main electronics enclosure, 

and attention to providing a finished product.  

 

4.1: Instrumentation Tree Improvements 

 
The instrumentation tree created by Aluma Tower Inc. proved to be 

problematic when deploying the first generation MIP.  First, due to the size of the 

tree users were unable to leave the tree installed on the tower during transportation 

because it would hit tow vehicles while turning.  Because of this limitation the 

instrumentation tree had to be installed and removed for each experiment and 

transported in a separate vehicle.  Second, while functional the instrumentation tree 

did not have adequate space for the addition of future instrumentation.  Finally, the 

design forced the instrumentation to be mounted on the tree prior to installation 

causing it to be heavy and unevenly weighted.  Due to the awkward weight of the 

tree, three people and an additional ladder were needed to install the tree safely. 

To successfully redesign the instrumentation tree, these problems needed to 

be addressed.  The new tree had to be safe, modular, easy to use, and easily 

transportable.  First, the awkward weight and large size of the prototype tree needed 

to be addressed.  In an effort to reduce size and weight the new instrumentation tree 

was designed to accept removable “instrumentation arms” which slide into the tree 

and support the instrumentation.  Each arm would be responsible for supporting the 

computing power necessary for the arm, the power conditioning equipment, and the 
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instrumentation itself.  Figure 4.1 shows a comparison of the overall size of the two 

instrumentation trees.  

 

 
Figure 4.1: Size comparison of the two instrumentation trees (dimensions in inches) 
 
Although each instrumentation arm must be installed separately for experiments, 

single arms would be much easier to manage than a fully equipped tree.  The final 

design of the new instrumentation tree is shown in Figure 4.2.  

 

 
Figure 4.2: Redesigned instrumentation tree with removable arms and secondary electronics 
enclosure 
 

Removable instrumentation arms were a key feature necessary for the 

reduction in size and functionality of the second generation instrumentation tree.  By 

using stainless steel DE-STA-CO 323-SS toggle clamps in conjunction with a sliding 

plug and socket joint, shown in Figure 4.3, the arms can be slid into the tree and 

20 



 

secured.  With a holding capacity of 360 lbs, the clamps far exceed the weight which 

should be placed on a single arm.  This system has proven itself to be safer to install, 

easier to manage, and eliminates the difficulty of transporting an entire tree.  

 

 
Figure 4.3: Toggle clamps used to secure the instrumentation arms once they are slid into the tree 
socket 
 

 

4.2: Main Electronics Enclosure Improvements 
 

 The Main Electronics Enclosure (MEE) on the base of the trailer was 

identified as an area in need of redesign.  Shown in Figure 4.4, the first generation 

enclosure contained the equipment necessary for power generation, circuit protection, 

power conditioning and AC/DC power distribution.  Its large size, unprofessional 

appearance, problematic design, and unintuitive user interface were all reasons for 

the redesign.    
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Figure 4.4: Inside the main electronics enclosure (red) on the first generation MIP 
 
 A major problem was encountered with the generator while fielding the first 

generation MIP.  Initially, all the components were placed inside a single enclosure 

to simplify construction.  However, this proved to be problematic in practice as 

improper routing of the generator exhaust created a build up of carbon dioxide and 

heat inside the enclosure.  This eventually caused the generator to stall and made the 

enclosure hot to the touch.  Without the generator running, the onboard batteries 

would no longer be continuously recharged and would eventually be drained.  In 

practice this was solved by simply propping open the enclosure to let air in, however, 

this was an unacceptable solution and needed to be addressed in the redesign.   

In addition to the exhaust problem, the user interface with the MIP was 

unprofessional.  In order to turn on DC power to the MIP, and subsequently provide 

power to the instrumentation, the enclosure had to be unlocked, two hold down 

clamps had to be unsecured, and the enclosure opened in order to gain access to the 

DC power switch and generator.  This process proved to be an annoyance during 

operation and had to be changed.  

In the redesigned enclosure, much attention was given to equipment 

placement and user interaction in order to remedy the problems encountered on the 

first generation MIP.  Having all the components located in a single enclosure was 

beneficial from a manufacturing standpoint because only a single enclosure had to be 

manufactured and installed.  However, the problems encountered with this design on 
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the first generation MIP were solved by housing the generator in its own enclosure.  

This step not only eliminated the heat and exhaust problem but also permitted a 

refined user interface to be created.  With the generator located separately, the main 

electronics enclosure can remain closed at all times excluding maintenance. 

Therefore, the controls such as the main power switch and accessory switches were 

moved to the exterior of the enclosure.  This improved the safety and appearance of 

the system and simplified the start up procedure.  The final design and overall layout 

are shown in Figures 4.5 and 4.6.   

 

 
Figure 4.5: The finished main electronics enclosure with improved user interface 
 

 
Figure 4.6: Overall layout of components on the base of the trailer with the generator enclosure (red) 
and lower electronics enclosure (yellow) shown 
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 Finally, the safety and professional appearance of the components located in 

the enclosure was addressed.  In the main electronics enclosure there were potentially 

hazardous flaws in the design.  If Figure 4.4 is examined closely many of these flaws 

can be recognized.  For example, exposed battery terminals are a potential spark 

hazard if a tool is dropped across the terminals.  Combine this with the possibility of 

spilling gasoline while adding fuel to the generator and there is potential for a large 

problem.  Additionally, the user can be exposed to live AC lines when opening the 

AC junction box to access the circuit breakers.  Each of these problems and the 

overall appearance of the system were addressed in the next iteration of the design.   

 In order to fully address the safety issues found in the prototype design, each 

component inside the electronics enclosure was evaluated.  As noted previously, the 

generator was relocated on the base of the trailer and is now housed in a separate 

, 

enclosure solving the problem of potentially spilling gasoline on the electronics and 

excessive heat build up.  Next, the safety and isolation of the batteries was addressed 

by placing them inside rugged battery holders.  These holders protect the battery 

terminals and eliminate the possibility of accidentally shorting the terminals while 

the cover is secured.  Preventing the user from being exposed to live AC lines was a 

priority when selecting the replacement AC junction box.  The replacement junction 

box from Square D has a front panel that only exposes the circuit breaker switches 

and prevents the user from exposure to the live electrical lines.  Figure 4.7 shows the 

result of these improvements.  While functionally the electrical system differs only 

slightly from the prototype system, it is clear that the next generation system is safer

more organized, and professional in appearance than the first generation system.   
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Figure 4.7: Inside the main electronics enclosure on the second generation MIP 
 

4.3: Additional Improvements 
 

In addition to changes made to the instrumentation tree and the main 

lectronics enclosure, a significant number of improvements were made to the 

remai athered from personnel who used the first 

generation MIP, a detailed list of suggested improvements was compiled.  From this 

list thre

nt, and 

transpo

e

ning MIP system.  Using feedback g

e areas of concern were identified: usability, durability, and security. 

Being able to identify the drawbacks of the first generation MIP as they 

related to the usability of the system was an important step in the design of the 

second generation MIP.  Usability deals with features the first generation MIP was 

lacking and difficulties encountered during construction, deployme

rtation.  For example, a major difficulty encountered during fabrication of the 

prototype MIP had to do with the size of the junction boxes used to pass electrical 

and communications lines.  These boxes required that two connectors be placed on 

them for each outgoing line and a conduit fitting for the incoming lines.  The 

difficulty in fabrication was due to the size of the junction box.  Being only 4”x4”x4” 

it was extremely difficult for the user to maneuver their hand inside the box in order 

to make the proper connections.  As a result, the size of the junction boxes was 

increased to 6”x6”x4” and assembly of the boxes was found to be much easier.   

Another difficulty encountered during construction of the first generation 

MIP had to do with the use of metallic conduit to protect the electrical lines on the 
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MIP.  This conduit, commonly used in home electrical applications, consists of 

varying lengths of ½” galvanized steel conduit that was routed underneath the MIP 

from th

ystem in which the MIP would provide for the 

transpo

e main electronics enclosure to junction box 1.  The main problem with this 

conduit was that it was not rated for outdoor use and could possibly fill with water 

and cause major electrical problems in the future.  In addition to poor weather 

resistance the conduit was difficult to install.  The conduit had to be repeatedly and 

accurately bent into shape increasing construction time and material costs due to 

mistakes.  The solution to this problem was simple and straightforward.  The second 

generation MIP makes use of a different type of conduit commonly used in the 

electrical industry and is specifically designed for outdoor applications.  This conduit 

is referred to as liquid-tight and is made of an outer jacket of flexible plastic and may 

or may not have a flexible internal metallic skeleton to aid in crush resistance.  

Because this type of conduit is flexible the difficulties encountered with bending 

metallic conduit were completely eliminated.  Additionally, this type of conduit is 

rated for wet environments and is used with watertight fittings which terminate the 

conduit on the junction boxes.  Although, the material cost for liquid-tight conduit is 

greater than metallic conduit, the benefits in weather resistance and installation time 

far outweighed the additional cost. 

Originally envisioned to be a self-contained unit, the design of the first 

generation MIP did not meet this goal.  For example, on the first generation MIP the 

instrumentation tree had to be removed for transportation and placed in a separate 

cargo vehicle.  A self-contained s

rtation and storage of all the equipment necessary for operation had to be 

developed.   As described earlier, the new instrumentation tree consists of a central 

hub with socket joints to accept the instrumentation arms and the two are secured 

together with a toggle clamp.  Due to this new configuration the central hub can 

remain fixed to the tower during transportation and will not interfere with tow 

vehicles because the overall width when the arms are removed is much less than the 

width of the first generation tree, as seen previously in Figure 4.1.  To accommodate 

the storage of the individual instrumentation arms an adjustable socket assembly was 

created and fixed to the base of the MIP.  Shown in Figure 4.8, this system will store 

up to three arms and can be adjusted longitudinally by loosening four nuts and 

sliding the H-shaped base in order to accommodate arms with large equipment.  Two 

of these racks are used on the base of the second generation MIP in order to hold all 
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the instrumentation arms.  From experience, this system has proven to be reliable and 

has alleviated the transportation headaches associated with the first generation MIP.  

 

 
Figure 4.8: Instrumentation arm storage unit and location on the base of the MIP (red) 
 

Lastly, the use of the first generation MIP also identified some features that 

could be added to increase the ease of operations.  One such feature added to the 

second generation MIP was two 5-gallon gas tank holders.  Previously, the fuel for 

the onboard generator was transported in a separate vehicle and simply left standing 

next to the MIP during experiments.  The addition of the gas tank holders, 

highlighted in Figure 4.9, provided a safer and more appealing solution.  Another 

feature that was added was integrated winch power.  The first generation MIP 

required the use of a separate portable power supply that connected to the winch in 

order to provide the power to raise the MIP to its maximum height. Although this 

solution was simple and effective, it was considered another piece of equipment that 

could easily be lost or broken.  As a result, the second generation MIP eliminated this 

piece of equipment and electrical power for the winch was supplied from the onboard 

electrical system.  This improvement, shown in Figure 4.10, serves to provide a more 

integrated and reliable solution and has eliminated the need for additional equipment.  

Finally, a critical feature the first generation MIP lacked was provisions for security.  

With the amount of costly equipment onboard the MIP it was important that the 

system be secure.  The simple solution was to place locks on the main electronics 

enclosure, the generator enclosure, and to provide a long cable with a lock to secure 
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the instrumentation arms while they are being transported. The addition of all these 

features has improved the overall functionality of the MIP and addressed each of the 

concerns identified in the first generation MIP in order to provide a well designed 

and easy to operate system. 

 

 
Figure 4.9: Two 5-gallon gas tank holders (red) installed on the next generation MIP 
 

 
Figure 4.10: Separate winch power supply (a) used on prototype MIP and replacement integrated 
power solution (b) on next generation MIP 
 
 
 
 

(b) (a) 
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4.4: Electrical System Overview 
 

While the some aspects of the electrical system have been previously 

iscussed, the system as a whole has not been treated.  This section will present the 

improvements and differences between the electrical systems on the first generation 

MIP a  detailed description of each segment of 

the des rovided later.  These differences will encompass changes in the 

function of the electrical system

new system

de the battery to leak out, thus preventing 

acid spills if the battery were to rupture. 

d

nd the second generation MIP while a

ign will be p

, component upgrades, and system design.  

Initially, the first generation MIP sought to provide a one-size-fits-all solution 

when providing power for the instrumentation.  The instrumentation was selected, its 

power requirements noted, and the electrical system was designed accordingly.  

Although this system functioned properly it did not leave much room for future 

additions of instrumentation or components.  In order to remedy this design flaw, a 

 was created.  At its core, the system consists of a similar hybrid power 

system as in the first generation MIP.  An onboard generator supplies power to a 

battery charger which continuously charges the onboard batteries of the MIP.  These 

batteries in turn provide the DC power for the entire system.  The system 

implemented on the second generation MIP does not provide power conditioning, but 

rather supplies each instrumentation arm with unregulated 24 VDC.  It is then the 

responsibility of the instrumentation arm to transform and condition the incoming 

power to the proper levels.  This design was chosen to eliminate hard to find and 

costly DC-DC converters and place the responsibility of power conditioning on each 

individual arm.  This way each arm can be specifically designed to fit into the MIP 

framework rather than the MIP conforming to instrumentation specifications.  The 

end result is a more modular system. 

Improvements over the first generation system were made to increase 

performance and runtime of the system.  The major difference in the main power 

system is the use of higher capacity batteries.  The batteries on both systems are lead 

acid absorbed glass mat batteries.  This type of battery is considered a “dry cell” 

battery as there is no free flowing acid insi

 The first generation MIP contained four 12 

VDC batteries with two pairs connected in series to obtain 24 VDC and then 

connected in parallel with the other pair to increase the capacity of the system. This 

configuration provided a total capacity of 32 Ah.   Although effective, this system 
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was difficult to visualize and challenging to install.  As a result, the next generation 

MIP used two Hawker Odyssey PC 1700 12 VDC batteries connected in series to 

give an output voltage of 24 VDC and a total capacity of 65 Ah.  Increasing the 

capacity of the batteries provides a much longer run time if operating in silent mode 

(generator off) or if the generator were to shut off for a period of time, as in the case 

of neglecting to refill its fuel tank.  A system voltage of  24VDC was chosen as a 

standard power supply due to the requests of users and the wide availability of power 

converters which accept 24VDC as a standard input.   

  From the battery bank, power is then fused and routed to the secondary 

electronics enclosure located on the instrumentation tree and to the onboard winch 

used for raising the MIP to heights above 25 feet.  The electrical lines carrying the 

power to the instrumentation tree and winch are 10 AWG construction-grade three-

conductor power wire commonly used in home construction.  This was an upgrade 

from t

er distribution module commonly used in automotive 

applica

he prototype MIP which used a similar three-conductor 14 AWG cable.  

According to an online calculator, a 10 AWG wire is capable of carrying up to 32 

Amps of current which is consistent with the maximum current rating of the 

connectors used in the system [15].  In contrast, a 14 AWG cable has a maximum 

current rating of 16 Amps.  The upgrade to a 10 AWG wire was a simple decision as 

it would provide the system with increased electrical capacity with minimal changes 

to the design.  From the batteries, two 30 Amp in-line Maxi-blade automotive style 

fuses are installed to protect the cable and connectors from possible over-current 

damage.  One fuse is used to protect the winch circuit while the other fuse protects 

the instrumentation circuit.   

 Following the main power cable through the junction boxes and up the tower 

to the secondary electronics enclosure, power enters the enclosure and is split to one 

of eight power ports for the instrumentation arms and individually fused to protect 

the equipment.  This is accomplished using a Cooper Bussmann Rear Terminal Mini 

Fuse & Relay (RTMR) pow

tions and shown in Figure 4.11. 
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Figure 4.11: Cooper Bussmann power distribution module 
 

  This module consists of three slots for automotive style relays (no relays are 

used) and 10 slots for Mini-ATO automotive style blade fuses that are used for each 

instrumentation arm.  Rated at 80 Amps the RTMR module is more than capable of 

distributing the power to each instrumentation arm.   A 14 AWG power wire, used to 

provide power for the instrumentation arms, is fused at 3 Amps with the option to 

increase the rating of the fuse to a maximum of 10 Amps which is the current rating 

of the connector.  However, care must be taken to not exceed a 30 Amp total draw or 

the main power fuse will blow.  From the power distribution module, power and 

communications lines are routed to panel-mount connectors with a protection rating 

of at least IP-65.  This protection rating is stated to be completely protected from dust 

and also provides protection from low pressure jets of water from all directions.  This 

was required for all connectors used in the system as the MIP will need to operate 

and be stored in adverse conditions including high wind and heavy rain. 

Moving from the secondary electronics enclosure, power is then carried from 

the enclosure to a user-constructed power conditioning and computing box located on 

each instrumentation arm.  This user-constructed box houses all the equipment 

necessary to provide power for the instrumentation located on a single arm.  By 

having the user provide the power conditioning and computing equipment for their 

instrumentation the need to provide a “one size fits all” solution onboard the MIP 

was alleviated. Figure 4.12 shows the secondary electronics enclosure with three 

arms installed on the instrumentation tree.   
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Figure 4.12: Instrumentation tree with instrumentation arms fully installed 
 

The components of the electrical system were selected to provide increased 

safety and better performance.  Another major change to the electrical system was the 

connectors used to distribute power.  Originally, MIL-spec connectors were used due 

to their ruggedness and weather resistance.  However, the connectors selected for the 

first generation MIP proved to be problematic.  These connectors were expensive and 

complex to put together requiring seven pieces in order to assemble one side of a 

connector.  In contrast, the new connectors which provide equivalent weather 

resistance at a much lower per-connector cost only have a total of 4 pieces necessary 

for construction.  Bulgin 900 series connectors are used for the main power 

connectors, Bulgin Standard Series connectors are used for the instrumentation arm 

power connectors, and all communications connectors are Amphenol RJ Field 

industrial ethernet connectors.  During construction and use each of these connectors 

proved to be reliable, easy to assemble, and easy to use.  The main power connectors 

used on each MIP system can be seen in Figure 4.13 for comparison.    
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Figure 4.13: Main power connector on the first generation MIP (a) and equivalent connector on the 
second generation MIP (b) 

igure 4.13: Main power connector on the first generation MIP (a) and equivalent connector on the 
second generation MIP (b) 
  

As with any product it was important to properly document the design of the 

electrical system and follow the design closely during construction.  This was 

accomplished using Microsoft Visio 2003 for the electrical schematics as this 

provided the ability to easily color code and label wires and components in the 

second generation MIP system.  A sample of the schematic for the main electronics 

enclosure is shown in Figure 4.14 and the complete set can be seen in Appendix A.  

The labels associated with each wire in the schematic drawing were reproduced with 

heat-shrink tubing on the finished system and shown in Figure 4.15.  

As with any product it was important to properly document the design of the 

electrical system and follow the design closely during construction.  This was 

accomplished using Microsoft Visio 2003 for the electrical schematics as this 

provided the ability to easily color code and label wires and components in the 

second generation MIP system.  A sample of the schematic for the main electronics 

enclosure is shown in Figure 4.14 and the complete set can be seen in Appendix A.  

The labels associated with each wire in the schematic drawing were reproduced with 

heat-shrink tubing on the finished system and shown in Figure 4.15.  

(a) (b) 
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Figure 4.14: Electrical schematic for the main electronics enclosure
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Figure 4.15: Example of heat-shrink wire labels on all electrical and communications wires 
 
The heat-shrink labels directly correspond to the wires shown in the electrical 

schematic to aid in construction, maintenance, and understanding of the system.  

Additionally, a separate document was created to further define the role of each wire 

in the system.  Created in Excel, this system details the wire name, what the wire is 

used for, where the wire connects from, where it terminates, and the wire gage.  A 

sample is shown in Figure 4.16 and the complete document can be seen in Appendix 

B.  This sheet can be used as a quick reference guide for technicians when repairing 

or maintaining the system.   

 
e 4-1: Sample of the quick reference document for wire label and function Tabl

Top Box Wire Labels and Descriptions  
ire Label Description Connects From Connects To AWG

Main Power Line 
P-24V Main Power 24 VDC line  MP Pin L BUS-MAIN 10

W

M

MP-GND Main Power Ground line   MP Pin E 
Ground 
Terminal 10

MP-EXT Extra main power line MP Pin N nothing 10
 
 
 

gen

trou

gen

the

use

 

Overall, the second generation electrical system is far better than the first 

eration system.  The design is fully documented, easy to understand and 

bleshoot, and modular.  Additionally, the “one size fits all” solution of the first 

eration system was found to be impractical and has been completely replaced by 

 modular system of the second generation MIP.  This design will provide the end 

r with the flexibility to implement any type of instrumentation system they desire. 
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4.5: Electrical System Detailed Design 
  

 The previous section provided the reader with an overview of the entire 

electrical system with the detail necessary for basic understanding of the system. 

This section will provide the reader with the full details of the system, its

implementation, and the components used.  

 First, it is necessary to discuss the electronics located in the main electronics 

enclosure as this is where the power is generated and distributed to the entire system. 

The heart of the system is the hybrid power generation system. This consists of a 

generator, battery charger, and batteries.  These are coupled together to provide 

power for the entire MIP system.  The generator, shown in Figure 4.17, is a Honda

 

 

 

 a rated 

 
F : Honda n the 

rom the generator AC power is routed to the main electronics enclosure and 

 

EU 2000i portable generator with a maximum AC output of 2000 Watts and

output of 1600 Watts.  The rated output is what will be used when designing and 

calculating the performance of the system.  With an integrated gas tank with a 

capacity of 1.1 gallons, the generator will run for 4 hours at its rated output and 15 

hours at ¼ the rated output. 

igure 4.16 EU 2000i generator used o MIP 
 
F

distributed to the battery charger, work lights, optional flood lights, and accessory 

outlet using a Square D AC distribution panel.  This panel, shown in Figure 4.18, has 

up to six breaker slots, of which the MIP makes use of four.  Each breaker is a 

ground fault interrupt (GFI) breaker rated at 20 Amps.  While the GFI option adds 

cost to the system, the safety benefits of using a GFI breaker far outweigh the added 

cost because the system will detect a short and automatically trip the breaker.  The 
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flood d on through individual toggle 

 on the exterior of the main electronics enclosure while the accessory 

used on the MIP 

light circuit and work light circuit are switche

switches located

outlet circuit is always “on” so long as its breaker is not in the “off” position.  

 

 
Figure 4.17: AC distribution box 
 

AC power from the distribution panel is then routed directly to a Dual Pro Pro 

Series battery charger shown in Figure 4.19.  Capable of providing a maximum of 15 

Amps of charging current to each battery bank the charger’s function is to keep the 

onboard batteries at peak capacity.  Typically used in marine environments, the 

charger is completely waterproof and temperature compensated to assure a full 

charger under all atmospheric conditions; a key requirement for the MIP system. 

 
Figure 4.18: Dual Pro Pro series battery charger 
 
Two cables from the Dual Pro charger carry the power to the batteries.  As described 

previously, the batteries are Hawker Odyssey 12 VDC batteries with a capacity of 65 
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Amp-hours each.  By using two batteries connected in series, a final system voltage 

of 24 VDC is achieved.  Additionally, the charger is a dual bank system which means 

it can charge two banks of batteries individually.  Therefore, in the MIP system each 

attery is charged independently to insure peak capacity and nominal system voltage. 

y having to remain in the switch during 

operati

b

 Next, power is taken from the batteries and routed to two automotive style 

relays.  These relays are Tyco Electronics VF4-15F11-S05, used to switch 12 VDC 

for the winch circuit, and VF4-15H-SO5, used to switch 24 VDC for the main power 

circuit.  Each relay is rated switch up to 60 Amps at its normally open contact and 

contains a 12 VDC coil which is used to activate the relay.  Controlling the two 

relays are the main power switch and the winch power switch.  The winch power 

switch is wired such that the main power switch must be “on” in order for the winch 

switch to receive power and be capable of activating the winch relay.  This was done 

to prevent the winch from being left on inadvertently and draining power from the 

electrical system.  While the winch power switch, flood light switch, and work light 

switch are standard toggle switches, the main power switch is a keyed toggle switch.  

It also has the unique feature of the ke

on.  This feature was selected to give the user a visual indication that the 

system is turned “on” as opposed to indicators such as LEDs that would be difficult 

to see in direct sunlight.  The current ratings of the switch are minimal due to the fact 

that the main power switch and winch switch are only activating the coil on the relay 

and not switching the high currents that the main power and winch circuits would 

draw. 

 As described previously, the main power line passes through the relay and 

then fed into an automotive style fuse rated at 30 Amps.  The fuse used was a 

standard Maxi Blade fuse held securely in place by a Bluesea Maxi Blade fuse 

holder.  This configuration can be seen in Figure 4.20 which includes the main power 

and winch relays and corresponding fuses.   
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Figure 4.19: Main power and winch power relays and corresponding fuses 
 
After the fuse, power is then routed to the main power cable.  This cable is then 

passed through liquid tight conduit to the first junction box located on the base of the 

MIP.  Here the line is terminated in a panel mount connector that mates with the 

cable assembly that connects the junction box 1 to junction box 2 located on the base 

of the tower assembly.   The main power and communications cable are contained in 

corrugated liquid tight conduit that provides superior flexibility and permits the cable 

to be stored on the cable reel located on the base of the MIP.  The cable reel and 

junction box 1 can be seen in Figure 4.21.   

 

 
Figure 4.20: Cable reel with cable assembly and junction box 1 
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From junction box 2 the main power cable continues up to the secondary 

electronics enclosure in corrugated liquid tight conduit.  The cable assembly 

terminates in junction box 3 where a separate cable assembly is needed to bridge the 

gap between junction box 3 and the secondary electronics enclosure.  Although the 

addition of this small cable assembly adds to the number of parts in the system, and 

thus its complexity, it was necessary in order to facilitate the easy removal of the 

instrumentation tree and secondary electronics enclosure for maintenance.  Once 

installed, this small cable assembly will mate to the secondary electronics enclosure 

completing the power connections from the main electronics enclosure up to the 

secondary electronics enclosure.  

Inside the secondary electronics enclosure power is distributed to individual 

power connections for each instrumentation arm.  As described previously this is 

accomplished using a Cooper Bussmann RTMR power distribution module.  This 

-DC converter which has a rated output 

f 16.7 Amps, which is more than capable of providing the required power and any 

module also distributes power to DC-DC power converter used to power the two 

network switches.  A V-Infinity VDZ400-D24-S12 encapsulated DC to DC converter 

is used to step down 24 VDC to 12 VDC which can be used by the network switches.  

From the output of the DC-DC power is connected to a generic automotive style 4-

circuit fuse center which uses standard ATO blade style fuses.  Here, power is 

distributed, fused at 3 Amps, and sent to the network switches.  The switches are two 

Netgear FS108 models which have a maximum current draw of 1.2 Amps each.  This 

is consistent with the rated output of the DC

o

additional 12VDC lines which may be added at a later date.  The inside of the 

secondary electronics enclosure can be seen in Figure 4.22.  
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Figure 4.21:  Inside the secondary electronics enclosure 
 
Inside the secondary electronics enclosure the power and communications 

connections terminate in separate panel mount connectors.  From these connectors 

power and communications lines are distributed to the individual instrumentation 

arms.  A full schematic of the secondary electronics enclosure can be seen in Figure 

4.23 and Appendix A.   In designing the electrical system it was important to avoid 

“hot male” connectors.  What this means is that none of the male connectors (which 

have protruding pins) could be connected to live power.  This is a safety feature 

which prevents accidental shorting of the electrical connector with a tool or simply 

by dropping it across a conducting object.  Therefore all live power connectors used 

on the MIP are female in gender, meaning that they have no protruding pins but 

rather receptacles for accepting the male pins.  An overall connector diagram, shown 

in Figure 4.24 was helpful in determining the connector gender and creating a master 

parts list of connectors.   
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Figure 4.22: Electrical schematic of the secondary electronics enclosure 
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Figure 4.23: Connector schematic for the MIP system 
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 Looking at the connector schematic diagram, green colored rectangles are 

ethernet connectors and hardware and red and black colored rectangles are power 

connectors and hardware.  For clarity, red color rectangles are considered “hot” 

meaning that when power is turned on these connection points are live.  Therefore a 

red rectangle corresponds to a female connection while a black rectangle corresponds 

to a male connection.  Similarly, a light green rectangle corresponds to a female 

connector while a dark green rectangle corresponds to a male connector. Lighter 

shades of red, black, and green correspond to the dust caps for the connector that they 

are adjacent to.  For additional clarity and replacement part purchases the 

manufacturer’s part number is included in each colored rectangle.  This document 

proved to be invaluable during the design phase of the project as the number and 

gender of each connector could be established without mistake long before 

construction of the system began.  

 The entire electrical system of the MIP was completely designed before 

construction using knowledge gained from the first generation MIP’s drawbacks and 

limitations.   The resulting system has been created to be modular, easy to maintain, 

simple to construct, and fully documented to aid in future manufacturing and repair 

efforts.   

 

4.6: Network Architecture 
 

One of the most critical functions of the MIP system is to provide wireless 

coverage to an experimentation site.  In order to accomplish this goal the MIP must 

be capable of supporting the proper network equipment used to provide wireless 

coverage for a given area.  The equipment used on the MIP consists of two separate 

units for providing wireless coverage and transmitting collected data back to a cen  

command center as illustrated in Figure 4.25.  Providing the wireless coverage is a 

Cisco Aironet 1300 series outdoor access point.  This unit broadcasts in the 2.412 to 

2.462 GHz range which is common for IEEE 802.11b (802.11b) systems and is 

capable of supporting IEEE 802.11b and IEEE 802.11g (802.11g) standards.  For 

clarification, 802.11b and 802.11g operate in the same frequency range but differ in 

the type of modulation used to transmit the signals and supported data rates.  802.11b 

is capable of data rates up to 11 Mbps and 802.11g is capable of rates up to 54 Mbps.  

tral
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Based on the supported standard on the client side, the Cisco equipment will 

automatically adjust the signal modulation to accommodate the use of 802.11b and 

802.11g signals within the same network.  Additionally, the Cisco equipment will 

automatically handle error checking and data retransmission if necessary. 

  Another Cisco unit, an Aironet 1400 wireless bridge, manages the 

transmissions to and from the central command center.  Operating in the 802.11a 

frequency range corresponding to 5.725 to 5.825 GHz this unit was chosen because it 

would not interfere with the 802.11b/g signals.  The data transmission rates are 

equivalent to the 802.11g rates of up to 54Mbps.  Used together these two 

components provide the wireless coverage capability to the experimentation site.  

 
Figure 4.24: Representation of overall MIP network structure 
 
 In order to begin the selection of additional components, such as antennas and 

client equipment, it is first necessary to discuss how the Cisco equipment will 

initially be configured.  To construct a simple network between the MIP, a client, and 

the command center a “flat” network architecture was implemented.  In this type of 

network every component is on the same subnet.  This configuration requires no 

external routing as each component on the network has its own unique IP address and 

is individually addressable by every other component on the network.  A flat network 

can be thought of as a neighborhood where each person in the neighborhood can talk 

to each other.  Continuing with this analogy, if a person in the neighborhood wished 

to send a letter to a person in another neighborhood (or subnet) the person would 
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have to go through the post office, who would have to route the letter to the proper 

location.  Due to the complexities associated with routing, the MIP networking 

equipment was configured to be a “flat” network.  For additional clarification the 

MIP does not use a Dynamic Host Configuration Protocol (DHCP), which 

automa

as 

tically assigns IP addresses.  Alternatively, each client is individually 

assigned a unique IP address which identifies it on the network and allows other 

clients on the network to communicate with it.  Cisco equipment allows the user to 

easily configure this type of network architecture while providing options for more 

complex architectures if necessary. 

 An important consideration when selecting the networking components w

the antennas that would be used to provide the wireless signal to the site.  Ideally, the 

antennas should have a high gain to provide long range capability and be 

omnidirectional to provide an uninterrupted coverage zone around the site.  The 

antenna used on the client, or mobile robot, is also an important consideration 

because that antenna will have its own radiation characteristics which need to be 

accounted for.  However, the primary concern is selecting the proper antenna for the 

networking equipment on the MIP in order to permit the client to use almost any 

antenna available.  With these considerations in mind, the antennas selected for the 

Aironet 1300 802.11b/g access point is a Cisco AIR-ANT24120 12 dBi 

omnidirectional antenna.  The vertical and horizontal radiation patterns can be seen 

in Figure 4.26.   
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a power.  Examining Figure 4.26 will show that the horizontal 

diation pattern is clearly omnidirectional, meaning that the coverage will be 360° 

around the antenna.  The vertical radiation pattern however is not omnidirectional but 

is focused in certain directions to achieve a high antenna gain.  From this pattern, it 

can be determined that the strongest signal the antenna will transmit/receive will be 

along the vertical plane corresponding to angles of 0° and 180°.  The -3dB beam 

width in the vertical plane is 7° and 360° in the horizontal plane as specified in the 

antenna data sheets and confirmed by examining the plots.  To help visualize this 

specification, Figure 4.27 illustrates the vertical beam width of the 12 dBi antenna 

used on the MIP.  Assuming an equal distribution of the 7° beam width about the 

centerline of the vertical plane (the line from 0° to 180°) the resulting  radiation 

angled towards the ground would be at a 3.5° angle.  This corresponds to the antenna 

radiating half its power at approximately 408 feet away from the base of the MIP.  

Figure 4.28 clarifies this result.  This is important to note because the radiated power 

Figure 4.25: Cisco AIR-ANT24120 vertical (a) and horizontal (b) radiation patterns 
(www.cisco.com) 
 
The interpretation of the vertical radiation plot can be visualized as looking onto the 

side of the antenna while the horizontal radiation plot can be visualized as looking 

onto the top of the antenna.  Along the abscissa of each graph is a scale in -dB which 

indicates a reduction in radiated power.  For example, at -10dB there is 

approximately a 10X reduction in radiated power.  One important piece of 

information gathered from the plots is the -3dB beam width, a common specification 

given with antennas, which describes the width of the radiated beam at half the 

maximum antenn

(b) (a) 

ra
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drops off significantly at angles below 177° which will be closer to the MIP.  This 

could result in possible dead zones in coverage in areas within 408 feet of the MIP.      

 
Figure 4.26: Representation of the beam width of the Cisco AIR-ANT24120 12 dBi antenna in 
relation to the MIP 
 

 
Figure 4.27: Distance from the base of the MIP to be within half the radiated antenna power 
 
 The range of the 12 dBi antenna is also an important specification.   Using a 

range calculator available from Cisco Systems, Inc the outdoor range could be 

estimated [17].  This calculator assumes line-of-sight between the host and client 

antennas, no losses due to cables and connectors, the use of Cisco equipment on the 

host and client, and takes into account FCC regulations on power output with respect 

to antenna gain.  The results are intended for theoretical estimations only.  Real 

world ranges will vary and can be expected to be less than the theoretical values.  
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Entering the equipment specifications used on the MIP, an Aironet 1300 access point 

with an AIR-ANT2410 12 dBi omnidirectional antenna on the host side, and a Cisco 

PCI card 802.11b adapter with a 5.2 dBi omnidirectional antenna on the client the 

resulting maximum distance achievable was found to be 3.62 miles with an estimated 

data rate of 11 Mbps.  Calculating the maximum distance achievable with a data rate 

of 11 Mbps and using an antenna gain of 3 dBi, the resulting distance is reduced to 

0.89 miles.  This range is important to remember because it was calculated using the 

same antenna gain which will be used when testing wireless performance in a later 

chapter. Additionally, it is important to remember that this is the line-of-sight range 

assuming that the two antennas are on the same plane which is not normally the case 

with the MIP erected and providing coverage to a testing site.  Therefore, the real 

world distance will be less than this ideal value.   

Although the 12 dBi antenna will provide coverage over a long range the 

close range coverage can be improved.  This is possible due to a feature of the Cisco 

access point being able to support the use of two antennas.  As a result a Cisco AIR-

radiated power of the antenna is 36 feet, as shown in Figure 4.30.  It is important to 

ANT3351 2 dBi dipole antenna was added to the second antenna input of the Cisco 

access point.  The corresponding radiation patterns for this antenna are shown in 

Figure 4.29.   

 

 
Figure 4.28: Vertical (a) and horizontal (b) radiation patterns for the Cisco AIR-ANT2251 2 dBi 
dipole antenna (www.cisco.com) 
 
This antenna has a beam width of 70° which means about 35° of the beam is directed 

towards the ground.  The resulting distance from the MIP to be within half the 

(b) (a) 
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note that a wireless signal will still be achievable directly under the MIP, however, it 

will be less than half the radiated power of the antenna.  Additionally, for safety 

reasons a mobile client should not be allowed to enter within 36 feet of the MIP to 

prevent accidents and maintain good signal quality.  The Cisco access point 

transparently determines which antenna to use to maintain the best signal quality.  

The use of this second antenna serves to eliminate poor wireless coverage in close 

proximity to the MIP while the 12 dBi antenna serves to provide long range 

coverage. 

 
Figure 4.29: Combined coverage patterns for the two antennas on the Cisco access point 
 
 The two antennas described previously handle the communications between 

the MIP and a mobile client and operate in the 802.11 b/g frequencies of 2.412 to 

2.426 GHz.  In order to communicate from the MIP back to the command center a 

Cisco 1400 series wireless bridge was chosen due to its ability to operate in the 

802.11a frequency range of 5.725 to 5.825 GHz.  Operating in the 802.11a frequency 

range is important because it does not interfere with the 802.11b/g equipment used to 

communicate to mobile clients.  Identical equipment is placed on the command 

center and the MIP instrumentation tree.  A Cisco AIR-ANT58G9VOA-N 9 dBi 

antenna is used with a radiation pattern as shown in Figure 4.31 and a -3dB beam

 the 

IP and command center with the same 9 dBi antenna a theoretical range of 0.57 

 

width of 6°.  Using the Cisco range calculator with a Cisco 1400 series bridge on

M

miles at a data rate of 54 Mbps is achievable.  If the data rate is reduced to 12 Mbps 

the range is increased to 2.56 miles.  This range can be increased dramatically by 

50 



 

using directional antennas which would be necessary for MIPs located far away from 

the command center or if the maximum data rate is absolutely necessary.  For 

example, the use of a Cisco dish antenna with a gain of 28 dBi the range can be 

theoretically extended to almost 20 miles at a data rate of 54 Mbps.  However, to 

achieve this range significant installation time would be needed to properly align the 

two dishes.  

 

rtant to be 

(b) (a) 

Figure 4.30: Cisco AIR-ANT58G9VOA-N antenna vertical (a) and horizontal (b) radiation patterns 
(www.cisco.com) 
 

 Networking is a critical component to the MIP system.  It is impo

able to provide long range uninterrupted coverage to a test site while maintaining 

high data rates.  Use of Cisco Systems, Inc equipment has enabled the network to be 

configured easily while providing the option for more complex network architectures 

to be used if necessary.  Additionally, the variety of antennas available for both the 

802.11b/g and 802.11a equipment permits users to customize the site coverage for 

each experimentation site simply by swapping antennas and properly installing them.  

The resulting system is highly flexible, configurable, and uses industry proven 

technology to achieve these results.  

4.7: Predicted Performance 
 

Having described in detail the entire MIP system and associated components 

it is important to estimate its performance characteristics.  This will include estimates 

of system run time, environmental capabilities, set up/tear down time, and wireless 
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performance.  During the design process these characteristics were clearly defined in 

order to guide component selection.  The following section will describe the design 

goals and resulting predicted performance based on the selected components. 

One of the most important performance characteristics of the MIP is the 

system run time.  During the design process it was determined that the MIP should be 

capable of running continuously.  This has been achieved by the implementation of 

the hybrid power system which includes an onboard generator.  To operate 

continuously, the gas tank on the generator must simply be kept full.  However, in a 

worst case scenario, where there is no gas to refill the tank, the run time should be 

estimated in order to know the capabilities of the system.  Run time estimation will 

consider two scenarios.  First, the scenario where there is the maximum load on the 

system will be considered.  This case assumes that the generator is running at its 

rated load and the instrumentation tree is drawing the maximum power through the 

system.  Second, the scenario where the MIP is solely providing the network 

infrastructure will be considered.  This is assuming that the only load on the 

generator is due to the battery charger and the system is only required to power the 

networking equipment.   

AC and DC power system.  The complete electrical system is 

Considering the first scenario it is important to clearly define the inputs and 

utputs of the o

summarized in Figure 4.32.  Beginning with the generator, which is capable of a 

maximum output power of 1600 Watts, the loads on the AC electrical system include 

the work lights, flood lights (optional), accessory items (optional), and the battery 

charger.  Table 4.1 provides a summary of power requirements of the AC electrical 

system. 
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Figure 4.31:  Summary of the MIP electrical system 
 
 
 
 

Table 4-2: AC Electrical System Breakdown 
Component Power (Watts) 

Work Lights 300 

Flood Lights (optional) Unknown 

Accessory Outlet (optional) Unknown 

Battery Charger 720 

  

Total Load on System 1020 

Generator Output 1600 

Remaining Power 580 

 

Two unknowns in the system are the optional flood lights and accessory equipment, 

however for this scenario it can be assumed that the combined power used by these 

two components will be equivalent to the remaining power of 580 Watts.  Next, it is 

53 



 

necessary to define the maximum power draw on the DC electrical system.  The DC 

system is solely responsible for powering the onboard winch, used when raising the 

tower, and the instrumentation tree.  For this scenario the electrical load provided by 

the winch will not be considered as it is only used during the initial set up of the MIP 

and not during normal operation.  This leaves the electrical load due to the 

instrumentation.  Because the power requirements of the instrumentation placed on 

the MIP are unknown, the analysis will assume that the system is drawing 80% of the 

maximum allowable current (30 Amps).  Therefore, the system will be drawing 24 

Amps at 24 VDC which is equivalent to a power consumption of 576 Watts.  Now 

that both the AC and DC loads on the system have been established the run time 

estimation can proceed.   

Because the maximum power output of the battery charger is greater than the 

80% of the maximum load on the DC system, the charger is able to maintain the 

batteries at their current state of charge during operation.  Therefore, with the 

generator running the batteries will not be depleted by the DC system and, once the 

enerator stops, the batteries will be at peak capacity.  The run time of the generator 

t its rated capacity is 4 hours [18].  At this point, the AC system will shut down and 

only the DC system apacity of 65 Ah 

and run time estimation will consider a depth of discharge of 80%.  This means that 

the capacity of the DC system has a de-rated value of 52 Ah.  Using the de-rated 

capacity, a syst  and a draw of 576 Watts the estimated run 

time can be calc

 

g

a

 will be operational.  The batteries have a rated c

em voltage of 24 VDC,

ulated using Equation 4.1.  

( )( )
DrawWattage

CapacityBatteryVoltageystem  

Equation 4-1: Calculating estimated DC system run time 
 

This results in an estim e of 2.2 hours res tal estimated 

run time slightly over 6 hours.   

 Next, it is necessary to consider the second scenario where the MIP is only 

sed for its networking equipment.  This scenario can be considered the minimum 

STimeRun =

ated system run tim ulting in a to

u

functionality of the MIP.  The DC system is only supporting the networking 

equipment and the AC system is only supporting the battery charger.  Run time 

estimation will proceed in the same manner as the first scenario.  First, the load on 
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the generator will be established and the corresponding run time estimated.  Next, the 

load on the DC system will be presented and the run time estimated.  Finally, the two 

estimations will be combined into a total run time estimation.  

 When running at its minimum functionality there is only one load on the AC 

electrical system.  This is due to the battery charger which can require up to 720 

Watts of power during operation.   Typically, this will not be the case as the charger 

is not drawing full power all the time, but this will be assumed for the estimation.  

With a maximum power draw on the AC system of 720 watts, which is 45% of the 

rated load, the generator should run about 11 hours.  Although this may seem to be a 

generous estimate, the generator will most likely be running at nearly a quarter of the 

rated load.  At a quarter of the rated load (400 Watts) the generator has a specified 

run tim

  

r nearly 13 hours.  This results in a total 

stimated run time of 24 hours when the MIP is running in its minimal configuration. 

 In addition to the run time estimation of the MIP it is nec  consider 

the types of environments the MIP is capable of operating in.  The temperature range 

f the component

e discussed to determine the allowable operational 

are the two network switches used in the secondary electronics enclosure.  These 

e of 15 hours [18].  

The DC electrical system also has a load on it due to the networking 

equipment.  This consists of the Cisco access point, Cisco Bridge, and two network 

switches.  The total power consumption for these four components is about 96 Watts.  

While the generator is running the batteries are maintained at their state of charge by 

the battery charger.  Therefore when the generator stops, the AC power system shuts 

down and only the DC power system is operational.  At this point the networking 

equipment will be powered by the batteries until they are depleted.  Using the same 

procedure discussed previously to determine the run time of the DC system with a 

system voltage of 24 VDC, de-rated battery capacity of 52 Ah, and a wattage draw of 

96 Watts, the system is estimated to run fo

e

essary to

o s on the MIP will be presented in order to define a suitable 

operational temperature range.  Next, the weather protection provided by the 

components on the MIP will b

environmental conditions.  Finally, the recommended instillation procedures for the 

tower will be discussed. 

 Table 4.3 details the operational temperature ranges for each of the major 

components of the MIP system.  Looking at the table, the operational temperature 

range of the MIP system is from 32°F to 104°F.  Constraining this temperature range 
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units are commercial products normally used in household environments.  If a greater 

temperature range were required these two components could easily be replaced by 

more industrial switches, although at a much greater cost.  However, it should be 

Table 4-

noted that for cold environments these components are inside an enclosure and will 

generate heat and the actual minimum temperature range could be expected to be 

much lower.  Additionally, if operations in extreme cold were required the MIP 

enclosures and components could be fitted with insulation and heaters if necessary.  

In contrast, operations in extreme heat would require more involved modifications in 

the form of ventilation fans or cooling units.  For the majority of environments the 

MIP is capable of supporting experiments. Only in the most extreme environments 

would modifications to the MIP be necessary.  

 
3:  Temperature range for major components on the MIP 

Component Name Operational Temperature Range (°F) 

Cisco Access Point -22° to 131° 

Cisco Bridge -22° to 131° 

Network Switches 32° to 104° 

Automotive Relays -40° to 311° 

Batteries -40° to 176° 

Generator -22° to 120° 

Battery Charger -40° to 176° 

Power converter for network equipment -13° to 185° 

 

 In the initial design phase, the MIP was required to be operational in heavy 

rain and high winds.  Because of this requirement much attention was given to 

properly protecting the onboard equipment.  On the base of the MIP the generator 

enclosure and main electronics enclosure are constructed of aluminum due to its 

resistance to corrosion.  These two enclosures provide resistance to heavy rains as 

dictated in the design goals of the MIP.  All other components on the MIP including 

connectors and enclosures have an International Protection (IP) rating of at least 65 

(IP-65).  This means that the equipment is fully protected from dust and low pressure 
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jets of water from all directions.  All of the components on the MIP have provided 

superior protection when the MIP has been repeatedly exposed to the weather 

common to Blacksburg, Virginia.   

In any experimental setting the ability to begin an experiment promptly is 

important to maximizing useful time running the experiment.  As a main design goal, 

the MIP was required to be installed by two people and operational in less than thirty 

minutes.  This goal would help to maximize useful experiment time and increase the 

MIP’s value as a portable system.  Installation of the MIP is considered to be the 

procedure to have the MIP operational once it has been placed in its location and 

removed from the tow vehicle.  This assumes that the networking equipment has 

been preconfigured to meet the needs of the experiment.  This is a valid assumption 

s the network environment for an experiment should be established prior to 

 installation the MIP m  

ves placing outriggers on four corn se trailer and 

railer using the onboard level.  Having his step, the 

s can be removed from their holders and secured into the 

xt, the electrical and networking connections between the 

s enclosure and the instrumentation a e established 

included cable segments.  Having installed the ion arms, the 

 and the final electrical conn  the 

manual winch the tower is then raised into its vertical position and secured in place.  

al connection from junction box 1 to junction box 2 is made and the 

nally, the gener  and the key 

rned to the “on” position and the MIP is now fully operational.  This 

lowered and secured.  Once secured, the instrumentation arms and electrical 

a

performing the actual experiment.   

To begin the ust fist be stabilized and leveled on the

ground.  This invol ers of the ba

leveling the t  completed t

instrumentation arm

instrumentation tree.   Ne

secondary electronic rms need to b

using the  instrumentat

tower is ready to be erected ection made.   Using

Next, the electric

electrical connections are complete.  Fi ator is started

switch is tu

entire procedure should be completed by two people familiar with the MIP system in 

less than thirty minutes.  For those unfamiliar with the MIP an installation guide is 

provided which will aid in the installation procedure.  Using this guide, shown in 

Appendix C two inexperienced personnel should be capable of installing the MIP in 

nearly thirty minutes.  

 Of lesser importance is the time needed to put the MIP into “storage” and 

“ready to transport” states.  Placing the MIP into a “storage” state, where it can sit 

overnight and be ready to deploy in the morning, the tower simply needs to be 
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connections can remain in place and the generator and main power should be turned 

off.  The time needed to accomplish this procedure should be less than ten minutes.  

In order to place the MIP into a “ready to transport” state, the installation procedure 

must b

nidirectional antenna and a 2 dBi dipole antenna.  

These 

reases power is lost.  The performance of the 802.11a system 

e reversed and should take approximately thirty minutes.  The total set up and 

tear down time associated with the MIP system is minimal and will prove to be a 

valuable feature when the MIP is used in the field.  

 Another main feature of the MIP is its ability to provide wireless coverage to 

a given testing field.  Although a great deal of detail has been presented on this topic 

in the Network Architecture section, the main points will be reiterated here.  The 

MIP system uses Cisco Systems networking equipment to provide wireless coverage 

to a test site and communicate recorded data back to a central command center.  

Providing the wireless coverage in the 802.11b frequency range is a Cisco Aironet 

1300 Access point with a 12 dBi om

two antennas work in conjunction to provide short and long range wireless 

coverage.  In addition to the access point, a Cisco Systems Aironet 1400 Wireless 

Bridge is used to communicate to the command center.  The bridge uses a single 9 

dBi omnidirectional antenna.  These two systems provide the backbone for the 

wireless coverage and it is important to estimate their performance before use in the 

field.   

 As discussed previously, the estimated performance of the wireless 

equipment was accomplished using an online calculator provided by Cisco Systems.  

Using the calculator to estimate the performance of the 802.11b/g system resulted in 

a maximum range of 3.62 miles at a data rate of 11 Mbps when using a Cisco 

Systems client card with a 5.2 dBi omnidirectional antenna.  If this range is 

recalculated using the antenna gain of the equipment to be used during 

experimentation the wireless range drops to 0.89 miles.  Range drops significantly as 

the data rate increases because the signal to noise ratio must remain high for 

increased data rates. For example, a data rate of 54 Mbps reduces estimated range to 

0.46 miles.  This is because the system needs more power to support the higher data 

rate and as distance inc

was calculated to be 0.57 miles with a data rate of 54 Mbps using identical 

equipment on the MIP and the command center (9 dBi omnidirectional antennas).   

 These values for wireless range should only be used as an estimation of 

performance.  Actual range at a test site will vary dramatically as environmental 
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factors will affect the signal quality.  Therefore, it is necessary to test the system in a 

real environment to gain a better understanding of how well the system will provide 

coverage for a given area.   

 

4.8: Safety Analysis 
 

T

ower failure. 

hroughout the design of the MIP much attention was given to safety.  As 

described previously, the electrical system and instrumentation tree were redesigned 

in order to be safer and easier to operate.  In addition to improvements to MIP 

subsystems, it is important to address the safety of the entire MIP.  Of primary 

concern is the ability of the MIP to remain stable in high winds.   

 The safety analysis of the MIP in high wind conditions will try to characterize 

the allowable wind speed before the MIP will begin to tip over.  The analysis will 

assume an equivalent flat plate area due to the installed instrumentation, which will 

contribute a drag force due to wind speed.  This force will act at the top of the tower 

where the instrumentation tree is located.  Basic illustrations of the scenarios under 

analysis are shown in Figure 4.32 and Figure 4.33.  Additionally, a brief analysis of 

the tower structure will be done to determine the maximum allowable wind speed 

before t
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Figure 4.32: Forces on MIP when viewed from the side 
 

 
Figure 4.33:  Forces on MIP when viewed from the rear 
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Given these two scenarios, an analysis of the static condition where the moment due 

to the drag force causes the MIP to just begin to tip over.  The resulting drag force 

that causes the static condition to be satisfied will then be correlated to an estimated 

wind speed using a flat plate assumption.  This is accomplished by applying Equation 

4-2 shown below. 

 

AVCdF ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

2

2ρ  

Equation 4-2: Calculating the drag force due to wind velocity 
 

Where F is the resulting force, Cd is the drag coefficient for a flat plate, ρ is the 

density of air at standard ambient temperature and pressure, V is the velocity of the 

wind, and A is the frontal surface area of the flat plate [19].   

 To begin the analysis the location of the center of gravity (CG) of the MIP 

had to be located and determined.  From the factory the MIP weighed 1790 lb and 

218 lb of additional equipment was added to the base of the MIP.  Additionally, the 

wer itself and additional components have a maximum allowable combined weight 

of 245.5 lb.  These two components were used to estimate the CG of the MIP to be 

118” from the rear outrigger and located along the centerline of the base of the MIP.   

 Using the resulting CG location and a total weight of 2254 lb an equation for 

the static equilibrium condition can be written as shown in Equation 4-3.  

 

to

( )( ) ( )( )21 DWDF MIPwind =  

Equation 4-3:  Moment balance to find the force necessary to satisfy static condition 
 

Where Fwind is the force to be determined, D1 is the moment arm from the outrigger 

to the center of the flat plate, WMIP is the weight of the MIP, and D2 is the distance 

from the CG to the outrigger.  After solving for the force of the wind, Equation 4-3 is 

then used to find the wind speed which produces this force for a given flat plate 

surface area.  Table 4-4 details the results from these calculations. 
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Table 4-4:  Summary of maximum allowable wind speeds for a given surface area 
MIP 

Orientation 

MIP 

Height (ft) 

Required 

Fwind(lb) to meet 

static condition 

Max Wind 

Speed (MPH, 

7.6 ft2 frontal 

Equivalent flat 

plate area (ft

area) wind speed 

2) 

for 150 MPH 

Side 26 852 156 8.2 

 51 434 111 4.2 

Rear 26 455 114 4.4 

 51 232 81 2.2 

 

The orientation of the MIP corresponds to the views shown in Figures 4.32 and 4.33 

at a specific MIP height.  The force due to the wind was calculated using an 

equivalent flat plate area calculated from summing the largest dimensions of the 

uipm

mpar

ical height 

f 25 feet, the maximum wind speed is 114 MPH before the MIP will begin to tip 

over.  For comparison, if the equivalent frontal surface area of the instrumentation 

were re 2 2 MPH.  

 the MIP were extended to its maximum height of 50 feet, the allowable wind speed 

equipment on the 

strumentation tree, or by using the included guy wires.   

While the concern that the MIP will tip over is important, it is also necessary 

 consider the structural integrity of the tower itself.  This involves determining the 

maximum allowable wind load the MIP is capable of withstanding before failure.  To 

eq ent currently on the MIP.  This includes the secondary electronics enclosure, 

empty instrumentation arms, networking arms, and the instrumentation tree. This 

resulted in a maximum frontal surface area of 1095 in2 (7.6 ft2).  This area was used 

in conjunction with the coefficient of drag for a flat plate of 1.9 [19] to calculate the 

wind speed necessary to produce the required force.  Next, the equivalent flat plate 

area that would survive 150 MPH wind speeds was calculated and shown for 

co ison. 

 Looking at the above information, when the MIP is raised to its typ

o

duced from 7.6 ft  to 4.4 ft  the maximum wind speed is raised to 150 

If

is reduced to 81 MPH given a surface area of 7.6 ft2. 

 These results will provide users with a good estimate of wind speeds the MIP 

can survive, care should be taken regardless of wind speed.  Performance of the MIP 

in high winds could be improved by adding additional weight on the base of the 

trailer, extending the outriggers, limiting the amount of large 

in

to
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simplify the analysis and provide a conservative estimate of the maximum wind load 

a few assumptions were made.  First, it 

triangular truss.  Second, the um  ax n 

Figure 4.35, and the effects of the truss structure were not evaluated.  Finally, the 

tion conside that the tower was fixed to the ground, as shown in Figure 

.36.

 
gure 4.

was assum

ace all the stress on one m

 stresses were ass

ed that the force of the wind is 

ed to be solely

acting as in Figure 4.34, in order to pl ember of the 

ial, as shown i

evalua red 

4

Fi 34:  Cross section of the triangular truss of the MIP tower 
 

 
Figure 4.35:  Free body diagram of MIP truss under wind load (axial forces only) 
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Figure 4.36:  Diagram of MIP truss used for stress analysis 
 

With the tensile force acting axially in one of the outer members of the truss 

the stress analysis was straightforward.  First, from the manufacturer’s specification 

the tower is constructed of two types of aluminum, 6063T832 and 6061T6, with a 

yield strength of 39000 and 40000 psi respectively.  Each of these materials will be 

evaluated separately and the results tabulated.  

To begin the analysis it was first necessary to determine the cross sectional 

area of the outer member of the truss.  For this analysis the cross sectional area will 

be the area of the outer member of the truss which is 0.54 in2.  Using Equation 4-4, 

the maximum tensile force can be calculated. 

 

A
F

=σ  

Equation 4-4:  Calculating maximum tensile stress in MIP tower 
 

Where F is the axial force being applied, A is the cross sectional area, and σ  is the 

yield strength of the material.  Using the yield strength figures from the 

manufacturer, this corresponds to maximum tensile force of 21,060 and 21,600 psi 

for 6063T832 and 6061T6 respectively. 
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 These values were then used with the free body diagram shown previously in 

Figure 4.35 to determine the maximum allowable force due to the wind using 

Equation 4-5.   

( )( ) ( )( )TTW DFDF =1  

Equation 4-5:  Moment balance for stress analysis of MIP tower 
 

Where Fw is the force of the wind, D1 is the moment arm from the top of the tower to 

the base, FT is the calculated maximum allowable tensile force, and DT is the 

perpendicular distance from the truss to the summation point.  This distance was 

different for the individual material under analysis. That is because the inner triangle 

of the tower is constructed of 6063T832 aluminum while the outer triangle of the 

tower is constructed of 6061T6 aluminum.  Table X.X summarizes the results for the 

maximum allowable wind force.   

 
Table 4-5:  Results of stress analysis of MIP tower 

MIP 
Material 
and yield 

stress 
(psi) 

MIP 
Height 

(D1, feet) 

Maximum 
allowable 

wind 
force (lb) 

Maximum 
allowable 

wind speed 
(MPH) for 

current area 
(7.6 ft2) 

Equivalent 
flat plate 

area (ft2) to 
produce 

force, Fw at 
150 MPH 

Equivalent 
flat plate 

area (ft2) to 
produce 

force, Fw at 
100 MPH 

6063T632/ 
39,000 25 882 158 8.5 19.0 

 50 441 112 4.2 9.5 
      

6061T6/ 
40,000 25 1216 186 11.7 26.25 

 50 608 131 5.8 13.1 
 

 Looking at the results from the stress and stability analysis, it is clear that the 

MIP will tip over before it fails.  In each case the force necessary to tip the MIP over 

is less than the force necessary to cause failure in the tower structure.  Therefore, it is 

portant to note the surface area of the equipment placed on the instrumentation tree 

as well

 

im

 as the wind speed during testing. 
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Chap

formance data.  This data will become 

helpful when designing experiments that involve the MIP as its capabilities will be 

known beforehand.  The previous section provided predicted performance 

specifications for system run time, environmental constraints, installation/tear down 

time, and wirel t to test, some 

metrics such as the maximum allowable wind re are impractical to 

o

ximum and minimum load on the system.  At this point it is only 

possible to perform an experiment which considers the minimum load on the system.  

e to t IP in order to 

 (a common networking protocol) which 

e stamp to the second computer which reads the message and logs the 

s received.  When the MIP loses power 

the sages will not re nd d t ll i  

t ece e k t h

sta ndin s t s ing hich s 

to the total system run time. Upon co s w  

he w ss equip  for 23 h  At this point the test was halted to 

prevent any possible damag he batter The batteri d voltage s of 

11.73 and 11.43 VDC when the test was stopped.  These voltage levels were still 

ter 5: Experimental Results 
 

Characterization of the performance of the MIP through experimental results 

will serve to provide users with real world per

ess coverage.  While each of these factors is importan

 speed before failu

test because it will harm the MIP.  This section will focus briefly n the 

environmental constraints, system run time, and installation/tear down time.  The 

majority of the information presented in this section will discuss the wireless 

performance of the MIP. 

System run time is an important metric as it will dictate how long the MIP is 

capable of performing and under what loads.  This metric will consider two 

scenarios: a ma

This is du he lack of additional instrumentation to place on the M

stress the electrical system.  Therefore, only the minimum load on the system will be 

tested.  This considers the MIP to be supporting only the networking equipment 

necessary for communications and the battery charger.  Because the estimated run 

time of the MIP while operating at a minimum load is 24 hours, an automated 

procedure for testing the run time was necessary.  This system consisted of two 

computers connected via an ethernet connection to the MIP.  One computer was 

configured to send out a message over UDP

includes a tim

time the message was sent and when it wa

se mes

he last message was r

rted se

ach the seco

ived.  It is th

and when i

 computer an

n a simple tas

topped receiv

mpletion of thi

he log file wi

o determine w

message w

test, the MIP 

ndicate when

en the system 

correspond

as capable of

g message

supporting t irele ment ours. 

e to t ies.  es ha level
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within the manufacturer disc limit of 10.02 VDC, therefore it is safe to assume 

that the system could have continued to run for some time.  However, at this point 

e MIP had proven its ability to support the wireless equipment for an extended 

as successfully survived.  These conditions 

re mainly those of Blacksburg, Virginia.  While stored in Blacksburg, the MIP has 

xperienced heavy rains, snow, and high heat.  Each of these environmental 

onditions has proven to be no problem for the MIP as it has remained operational 

ithout any apparent damage.  When considering the maximum sustainable wind 

speed for having the tower erected, the specification from Aluma Tower should be 

lum maximum allowable wind 

peed o

imation of how quickly an experiment can be started and 

finishe

closer to the 30 minute goal.  Tear down time is the reverse of the installation 

harge 

th

period of time and further testing was unnecessary. 

Next, the environmental conditions the MIP is capable of operating in will be 

discussed.  Failure testing of the MIP system was not conducted as it would ruin the 

onboard equipment or the entire tower itself.  Therefore, the experimental results will 

focus on only the environments the MIP h

a

e

c

w

respected.  An A a Tower engineer recommended 

s f 40 MPH at a height of 25 feet and 30 MPH at a height of 50 feet.  In the 

case that the MIP should be required to exceed these specifications for wind speed, 

the included guy wires should be installed according to the installation instructions 

included with the tower.  Aluma Tower also recommends that the instrumentation 

tree and corresponding components do not exceed 200 pounds.  This restriction stems 

from the manual winch used to erect the tower which is rated at 1000 lb.  Currently, 

the instrumentation tree and two instrumentation arms (access point and bridge) have 

a combined weight of 92 lb. Therefore, any additional instrumentation should not 

exceed 108 lb in total weight.     

Set up and tear down time is another important metric of the MIP.  This will 

provide users with an est

d.  Installation of the MIP system will consider only the time taken to remove 

the MIP from a tow vehicle until the MIP is fully operational.  This does not include 

the time necessary for the networking equipment to be configured properly as this 

will vary between experiments.  Going back to the original requirement set forth by 

management, the MIP should be capable of being deployed in less than 30 minutes.  

Given an experienced user, the MIP is deployable in less than 20 minutes.  This 

result has been tested numerous times and each time the goal of 30 minutes has been 

beaten.  Inexperienced users tasked with deploying the MIP have turned in times 
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procedure.  From experience, the time taken to complete this step is roughly the same 

as the installation procedure.  The total time for installation and tear down is minimal 

considering the time necessary to perform possible experiments.  Potential users of 

the MIP system should be thrilled with the ease of installation and removal from a 

testing site.   

The most important metric for the MIP system is the wireless coverage it 

provides to a test site.  The following section will discuss the results of experiments 

involving the site coverage for the 802.11b/g Access Point.  Testing of the 802.11a 

wireless bridge coverage could not be conducted as the proper equipment was 

unavailable.  However, the results for the 802.11a system should be comparable to 

the 802.11b/g system.   

 

5.1: Wireless 802.11b/g Performance 
 

Performance of the 802.11b/g system will be evaluated using Ekahau Site 

Survey (Ekahau) software.  This software package enables users to merge wireless 

signal data collected from a wireless client card with aerial images of a test site.  

Figure 5.1 shows an example of a completed site survey.  Details of this specific site 

survey will be discussed later, however, it is important to note that the black and 

white line track the GPS position of the vehicle, the push pins on the image are GPS 

reference points taken before the survey, and the colors (specific to this image) 

represent signal strength measured from the wireless client.   
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Figure 5.1:  Example site survey generated by the Ekahau Site Survey software 

 
 While the Ekahau software provides excellent visualizations of the coverage 

provide

The receive signal strength indicator (RSSI) is an optional 

I Max. This parameter 

is a measure by the PHY sublayer of the energy observed at the 

indicator is optional and that the absolute accuracy of the measurement is not 

d by the wireless equipment, the values reported are only estimations.  The 

mechanism used for measuring the signal strength at the wireless card is the 

Received Signal Strength Indicator (RSSI) common to most wireless equipment.  

This indicator is automatically calculated by the wireless card and reported to the 

software.  Implementation of this indicator is optional and is defined in the 802.11 

specification to be: 

parameter that has a value of 0 through RSS

antenna used to receive the current PPDU. RSSI shall be 

measured between the beginning of the start frame delimiter (SFD) 

and the end of the PLCP header error check (HEC). RSSI is 

intended to be used in a relative manner. Absolute accuracy of the 

RSSI reading is not specified [20]. 

After reading this specification it is important to note that implementation of this 
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specified.  Because manufacturers implement RSSI in different ways, the Ekahau 

software normalizes the recorded data to the RSSI scale used by Cisco Systems 305 

series client adapters.  This allows different client card RSSI values to be converted 

 

d for lower

data rates up to 11 Mbps while OFDM is used for data rates up to 54 Mbps.  

 

 

 

 

 

 

to an equivalent scale from -100 dBm to 0 dBm for visualization purposes.  The 

normalized RSSI value is used in the Ekahau software for the signal strength 

visualization and the data rate estimation, both of which will be discussed in detail in 

the following pages.   

  Signal strength is an important factor in estimating data throughput and 

determining if the client card can actually read a signal.  A contributing factor to 

signal strength is the receive sensitivity of the client card.  For example, a card with 

a receive sensitivity of -93 dBm will require roughly half the signal strength of a 

card with a receive sensitivity of -90 dBm due to the increased sensitivity.  The 

client card used for the wireless coverage experiments was a Proxim Orinoco 11b/g 

Gold PC card adapter with an optional external antenna.  Table 5.1 details the 

receive sensitivity of the client card for various data rates.  It is easy to see that with 

lower receiver sensitivity the data rate also decreases.  This is due to the fact that 

increasing amounts of power are needed to support higher data rates [21]. 

Orthogonal frequency-division multiplexing (OFDM) and Complementary code 

keying (CCK) are two types of signal modulation.  Typically, CCK is use  

Knowledge of the signal modulation is not necessary for the understanding of the 

results provided by the Ekahau software but it is important to note that the wireless 

equipment automatically handles the transition from one data rate and modulation 

scheme to the next based on the RSSI value.  Therefore, given the RSSI value for a 

particular reading the data rate can be estimated.  This result is the basis for the 

Ekahau software visualization of signal strength and data rates.   
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       Tab
Receiver Se Signal Modulation 

le 5-1:  Receiver sensitivity and corresponding data rates [22] 
nsitivity (dBm) Data Rate (Mbps) 

-92 1 CCK 

-90 5.5 CCK 

-90 6 OFDM 

-88 11 CCK 

-78 36 OFDM 

-71 54 OFDM 

 

 Wireless site surveys were conducted at Kentland Farms located near 

Blacksburg, Virginia.  This location provided the land necessary to conduct two 

types of surveys in an ideal setting with little interference.  The first survey was to 

characterize the wireless coverage over a variety of terrain (referred to as test 1).  The 

second survey was conducted to characterize the wireless coverage over a long range 

with few obstructions and limited variations in terrain (referred to as test 2). 

Analyzing these two results will provide the users with a good picture of how the 

MIP performs over a wide range of terrain and conditions.   Figure 5.2 and 5.3 show 

the test sites and location of the MIP for test 1 and test 2 respectively.  The area for 

test 1 spans about 0.5 miles from the location of the MIP while the area for test 2 

spans about 1 mile from the location of the MIP.   
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Figure 5.2:  Test site for the wireless coverage experiment (test 1) and location of the MIP (red "X") 
 

 
Figure 5.3:  Test site for the wireless range experiment (test 2) and location of the MIP (red "X") 

X 

X 
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 Once the location for the test sites had been determined the wireless

equipment was selected.  As described previously, the equipment on the MIP consists 

of a Cisco Aironet 1300 access point with a 12 dBi omnidirectional antenna and a 2 

dBi dipole antenna.   On the client side, a Proxim Orinoco 11b/g Gold PC card was 

used with a 3 dBi omnidirectional external antenna mounted to a moving vehicle. 

Radiation patterns for the 12 dBi and 2 dBi antennas have been previously presented 

and Figure 5.4 shows the radiation patterns for the 3 dBi antenna.  One interesting 

feature of the vertical radiation pattern is the sharp cut off along the centerline of the 

image.  This is due to the antenna being constructed to support a magnetic mount for

placement on a vehicle or other magnetic surface.  Figure 5.6 shows the antenna 

mounted on the vehicle used during the tests. 

  

 

 

 

 
Figure 5.4:  Radiation patterns for the 3 dBi antenna used during testing (www.hyperlinktech.com) 
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Figure 5.5:  3 dBi antenna mounted on the vehicle used during wireless coverage tests 
 

For the experiment, a Ford Excursion was used with the 3 dBi antenna 

mounted to the roof of the vehicle as shown in Figure 5.5.  This configuration placed 

the antenna roughly 77 inches off the ground.  For the most accurate survey possible 

the Ekahau manual recommends walking the test site and covering as many points on 

the map as possible.  This however is impractical considering the size of the test 

areas and given that some of the farmland is currently being used to grow crops. 

Therefore, a maximum vehicle speed of 5 MPH was chosen and the vehicle was 

permitted to travel on the drive rows between each plot of land.  Figure 5.6 illustrates 

the path of the vehicle on the field used for test 1.  A Novatel GPS unit was used in

 

 

utomatically.  When the Ekahau software was reading the GPS and wireless 

quipment correctly the site survey was started. 

 

conjunction with the Ekahau software to map the path of the vehicle over the test site

a

e
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Figure 5

places along the tree line, there are 

clearings within the trees which allow the signal to be stronger.  This is also reflected 

in the survey image where there are areas of high signal strength beyond the tree line.  

An area where this is particularly apparent is at location 2.   At location 3 where there 

is a steep hill, shown in Figure 5.11, the signal strength drops off significantly as 

would be expected without line of sight to the MIP antennas.  Finally, location 4, 

shown in Figure 5.12 highlights the generally flat area surrounding the MIP.  As 

expected this area contains a fairly high signal strength measurement.  It should be 

.6:  Vehicle path (black and white) on field used for test 1 
 

 Test 1 was conducted to provide users with a good idea of how the MIP 

performed over a variety of terrain.  Figure 5.7 shows the test 1 field with areas of 

interest marked.  These include elevation changes both above and below the height of 

the antenna on the MIP, trees, and structures.   Figure 5.8 shows the results of the site 

survey conducted for test 1 with the visualization showing the signal strength at each 

location.  The values used for signal strength are shown in dBm and are based on the 

normalized RSSI value as discussed previously.  Figures 5.9-5.12 highlight the view 

from the vehicle in the areas of interest marked in Figure 5.7.  At location 1, shown 

in Figure 5.7 and detailed in Figure 5.9 it is clear that the signal may be obstructed by 

the trees lining the field.  However, in some 
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noted however, that there are some regions which show an unexpected drop in signal 

strength.  With no apparent obstructions or interfering signals in the area this should 

be attributed to errors in the interpolation done in the Ekahau software or RSSI 

readings from the client card. 

  

 
Figure 5.7:  Aerial view of test 1 site with terrain features highlighted and MIP location (red “X”) 
 
 

Above MIP 
& Trees (1) Slightly below 

MIP & Trees (2) 

Hill

Above MIP 
& Trees 
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Hill (3)

Generally flat 
area (4) 

X
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Figure 5.8:  Survey results illustrating signal strength (dBm) 
 

 
Figure 5.9:  View from vehicle at location 1 during test 1 
 

X

MIP
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Figure 5.10:  View from vehicle at location 2 during test 1 
 

MIP 

MIP behind hill

 
Figure 5.11: View from vehicle at location 3 during test 1 
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MIP 

 
Figure 5.12:  View from vehicle at location 4 during test 1 
 

 Using the signal strength measurements and any possible interference the 

Ekahau software can provide an estimate of the data rate for the surveyed site as 

shown in Figure 5.13.  The data rates shown are in Mbps and it is clear that for most 

of the regions outside location 4 the data rate is close to 1 Mbps.  For experiments 

that require information to be transmitted/received from a vehicle regions where the 

data rate is 1 Mbps are unacceptable because the signal is frequently lost and there 

are high error rates when transmitting/receiving data.  Therefore, for the best 

coverage and optimal data rate it is recommended to stay within the areas with good 

signal strength and high data rates.  From the two surveys these qualities are achieved 

in the generally flat region (location 4) with a clear line of sight to the MIP antennas. 
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gure 5

be noted.  For example, in the signal strength visualization, shown in Figure 5.15, 

there are two empty regions in close proximity to the MIP.  These formed because 

active plots in this location lacked drive rows and prevented data collection.  The 

bridge across these two regions is due to interpolation done within the Ekahau 

software and not actual measurements.  The first area of interest is the region to the 

left of location 1, shown in Figure 5.14.  When driving away from the MIP along the 

road, there is a hill which rises up and obstructs the MIP as shown in Figure 5.15.  

X

Fi .13:  Data rate estimation for test 1 (Mbps) 
 

 Upon completion of test 1, which gave wireless performance characteristics 

over a variety of terrain, a second test (test 2) was conducted in order to characterize 

the wireless performance over long ranges.  Test 2 was also conducted at Kentland 

farms due to the availability of large areas of land and relatively flat terrain.  Figure 

5.14 shows the test location and the position of the MIP during data collection.  The 

majority of the test site was flat open terrain with limited obstructions that was ideal 

for testing long range line-of-site links.   

Analyzing the results from the Ekahau software many interesting features can 
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Ex

 

amining Figure 5.16, the resulting drop in signal strength along the road near 

 

nnas [23].  This effect can be visualized 

pebble into still water.  As the ripples in the water 

location 1 is due to this hill obstructing the line-of-sight connection to the MIP. 

Contrast this with locations 2 and 3, which have clear line-of-sight to the MIP, the 

signal strength remains excellent.   Locations 2 and 3 are shown in Figures 5.17 and 

5.18 respectively.  Moving onto location 4 presents another interesting change in 

terrain.  At this location not only does the signal strength improve over the 

surrounding areas but the distance away from the MIP is significant.  Shown in 

Figure 5.19, the vehicle is roughly level with the antennas on the MIP putting the 

client antenna in the best location for reception.  Recalling the radiation pattern for 

the 12 dBi antenna placed on the MIP, the main lobe has a beam width of 7° meaning 

that anything within this region will experience the best reception.  At location 4 the 

two antennas are clearly within this region and the distance to the MIP is roughly 

0.90 miles.   Location 5, shown in Figure 5.20 and roughly 1 mile from the MIP, 

begins to reach the limits of the wireless coverage area.  At this location there is still 

line-of-sight to the MIP and no large obstructions or other types of interference 

therefore the reduction in signal strength can be attributed mainly to the inverse 

square law.  This law states that the received power decreases in proportion to the

square of the distance between the two ante

with the analogy of dropping a 

radiate away from the entry point of the pebble their amplitude decreases.  As with 

test 1, the results obtained from the signal strength visualization so no major 

surprises and the performance is close to what was expected.  With line-of-sight to 

the MIP and moderate distances, the signal strength at the receiver can be expected to 

be good.  Only when the distances to the MIP increase to about 0.80 to 1 mile or 

when line-of-sight is obstructed does the signal strength begin to drop off to 

unacceptable levels.  
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Figure 5.14: Aerial view of test 2 site with terrain features highlighted and MIP location (red “X”) 
 

 
Figure 5.15:  View from location 1 durring test 2 
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Figure 5.16:  Signal strength results for test 2 (dBm) 
 

 
Figure 5.17:  View from location 2 during test 2 
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Figure 5.18:  View from location 3 during test 2 
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Figure 5.19:  View from location 4 during test 2 
 

MIP 
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MIP

 
Figure 5.20:  View from location 5 during test 2 
 

Data rates for test 2 are estimated in the same way as test 1.  Given a signal 

 

ping below usable levels of 5 Mbps to 1 Mbps in 

locations where line-of-sight is obstructed and staying between 24 Mbps and 54 

Mbps where line-of-sight is maintained.  The major result gained from the data rate 

estimation for test 2 is the range possible with moderate data rates.  Examining 

Figure 5.21 the data rate is estimated to be 24 Mbps to 11 Mbps at a line-of-sight 

range of 0.90 miles.  To maintain a reliable connection between a roving vehicle and 

the MIP the vehicle should not venture out of the range where data rates drop below 

11 Mbps.  This will help to eliminate dropped packets and retransmissions of data 

resulting in a more reliable and functional connection.   

strength measurement and any possible interference, the Ekahau software provides an 

estimated data rate at each measurement location.  The data rate visualization for test 

2 can be seen in Figure 5.21.  Results from this visualization are not surprising. 

However, in location 4 the signal strength and resulting data rate are unexpectedly 

good with an estimated data rate of 11 to 24 Mbps.  In all other regions, the data rates 

are as expected with rates drop
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Figure 5.21:  Data rate estimation provided by the Ekahau software (Mbps) 
  

 Wireless surveying is a critical component to understanding the capabilities 

of the MIP system.  Tests 1 and 2 have shown that the MIP is capable of providing 

wireless network coverage over a variety of terrain and over long distances while 

maintaining good signal quality and high data rates.  If the already strong 

performance of the system must be improved the selection and placement of the 

antennas used should be examined.  Longer ranges and higher data rates will be 

achievable if the rover antenna has a higher gain value.  However, care must be taken 

when using antennas with higher gain values because as the gain increases so does 

the directivity of the antenna.  Therefore, while having a higher gain antenna may 

increase the range, the antenna would need to be continuously pointed at the MIP in 

order to maintain the best signal.  Another source of improvement could be the 

placement of the antennas on the MIP itself.  As shown in the network architecture 

section the 12 dBi antenna used on the MIP has its ma

X 

in lobe centered around the 

e with a beam width of 7°.  When placed 25 feet above ground this main 

lobe, which can be thought of as having the best signal, may not reach the client 

antenna.  Being outside this main lobe would result in an attenuation of the signal 

vertical plan
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and a drop in signal strength.  A possible solution to this problem would be to place a 

second 12 dBi antenna closer to the ground to place the main lobe of the antenna 

closer to the same level of the antenna used on the client.  This solution, however, 

may be impractical considering the cabling associated with temporarily placing an 

antenna at the base of the MIP and maintaining a removable system.  Considering the 

configuration of the MIP used during tests 1 and 2, the wireless performance is 

excellent and possible improvements would only be needed for customized scenarios.  

The information gathered and visualized during tests 1 and 2 will prove valuable to 

test designers.   Information regarding wireless coverage over a wide variety of 

terrain and resulting data rates will enable the accurate placement of single or 

multiple MIPs and provide the most robust wireless network possible.   
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Chapter 6: Conclusion 
 
 

From the initial concept, the MIP was developed to support unmanned 

systems testing and experimentation.  The design was to be portable, modular, and 

capable of supporting any type of instrumentation that would be required by test 

engineers.  Additionally, it had to be capable of operations in a wide variety of 

environmental conditions and be able to support long duration experiments.  These 

broad requirements are a challenge for any system and careful design, development, 

and testing were critical to the success of the MIP. 

Creation of an initial prototype was an important step in the design process 

and allowed for further refinement of the design goals and expectations of the MIP 

ystem.  Designed and implemented in a short three-month period, the prototype MIP 

as intended to be a proof of concept and demonstrate its basic capability.  

upported instrumentation on the initial prototype included networking equipment, a 

PS base station, weather monitoring equipment, and a pan/tilt/zoom video camera.  

he prototype MIP can be seen in Figure 6.1.  After supporting a number of initial 

xperiments the prototype MIP was carefully evaluated for its strengths and 

eaknesses.  This information was used to redefine the design goals of the MIP in 

rder to make it more modular and user friendly.  During the redesign phase, the 

hanges to the prototype MIP centered on providing a modular system to support 

dditional instrumentation, producing a finished user friendly system, and improving 

e durability of the entire system.  
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Figure 6.1:  Prototype MIP deployed for an experiment 
     
 After a significant redesign period with input from numerous users of the 

MIP a final design for the next generation MIP was established.  Major 

improvements to the system included a modular system for adding or removing 

instrumentation, a redesigned electrical system, and improvements in the durability 

and usability of the system.  The completed next generation MIP, shown in Figures 

6.2 and 6.3, is fully documented in order to facilitate easy reproduction and the detail 

contained within these documents will allow technicians to quickly troubleshoot the 

system in case of problems.  Upon completion of the next generation MIP, it was 

critical to test the system to characterize its performance and identify any possible 

improv ents. em
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igure 6

 
Figure 6.3:  Next generation MIP CAD model 
 

 Testing of the next generation MIP included run time testing and estimation, 

environmental testing, wireless coverage characterization, and deployment time.  In 

each of these categories the MIP was able to meet or exceed the required 

specifications.  System run times are unlimited due to the hybrid power system’s 

charge sustaining capabilities.  Users only need to maintain a proper fuel level in the 

F .2:  Next generation MIP deployed for an experiment 
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onboard generator to ensure continuous operation.  The MIP has also been exposed 

 

 

form a professional and highly 

onfigurable system that can be used to support many different areas of research.  

is equipped with Cisco Systems networking 

quipm

to a variety of environmental conditions and has been stored outdoors for over 6 

months with no damage to the components on the system.  Additionally, temperature 

constraints and operational considerations have been identified.  While the MIP was 

designed for operation in most weather conditions, the system is flexible and 

additional components could be added for operations in extreme environments. 

Another important feature of the MIP to undergo extensive testing was the wireless 

coverage provided by the networking equipment.  This equipment was shown to be 

capable of providing high data rate coverage to areas within 0.5 miles and 

maintaining good connectivity approaching ranges of nearly 1 mile line-of-sight. 

This range should be more than adequate especially when considering that many 

experimental systems require visual monitoring.   

Overall, the next generation MIP is a complete success.  Numerous 

improvements over the prototype MIP combine to 

c

The modular instrumentation system onboard the MIP will allow the system to 

support not only unmanned systems experimentation but any type of research where 

portability and configurability are paramount.  For this reason, the MIP can be 

expected to continue supporting experiments for years to come. 

6.1: Future Work 
 

In the creation of the MIP, the need for configurable instrumentation was 

paramount.  Providing a portable base platform to support any type of 

instrumentation would be beneficial to many areas of research.  This paper has 

discussed the creation and functionality of one MIP and future work should focus on 

the interactions between multiple MIPs. 

Central to the functionality of the MIP system is its networking capabilities.  

The current configuration of the MIP 

e ent.  While highly functional, configurable, and reliable this equipment is also 

limited.  For example, the ability for multiple MIPs to be used during a testing 

scenario must be carefully evaluated.  If the current equipment was used each MIP 

would need to have a line-of-sight connection back to the command center.  Ideally, 

data could be collected from a distant MIP and passed through an intermediate MIP 
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then onto the command center as shown in Figure 6.4.  This type of network 

configuration is much more complex than the current configuration and may not be 

possible with the Cisco equipment.  However, the modularity of the MIP system will 

allow future users to swap the Cisco equipment with other equipment which may be 

capable of providing this type of functionality.   

 

Figure 6.4:  Current multiple MIP functionality (a) and ideal multiple MIP functionality (b) 
 

(b) 

(a) 
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 Another area for future work would be to scale the system down.  As stated 

previously, the main function of the MIP currently is to provide wireless connectivity 

to a test site.  Again, as the need arises for multiple MIPs it may not be cost effective 

to construct an entire MIP when its purpose is to only provide wireless connectivity 

and support no other instrumentation.  Therefore, it is suggested that a scaled down 

version of the MIP be created.  This would be a portable unit which supports only 

networking equipment.  For example, the mast system shown in Figure 6.5 could be 

adapted to a small vehicle such as an ATV or a deployable stand alone base 

containing the electrical system.  Such a system would provide the networking 

capabilities in a lower cost package but would not be able to support additional 

instrumentation.   

 

 
Figure 6.5:  Will-Burt Night Scan Chief light tower (www.willburt.com) 
 

 Lastly, careful observations should be made when fielding the MIP.  While 

the next generation MIP is a successful product, it is far from perfect.  It is important 

to record any design problems, features that users request, and usability issues as this 

type of information is invaluable to the refinement of any product.  After a 

reasonable period of use, the MIP should be evaluated and the recorded information 

taken into consideration.   
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Appendix A:  Electrical Schematics of second generation MIP 
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Figure A.0.1:  Main electronics enclosure electrical diagram 
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Figure A.0.2:  Secondary electronics enclosure electrical diagram 



 

 
Figure A.0.3:  Connector diagram for second generation MIP 
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Appendix B:  Cost breakdown of second generation MIP 
 

Aluma Tower Trailer 

Description Distributor Part # Qty Cost Total Manufacturer 
Manuf. Part 
# Distributor 

Dual Axel trailer 50' XHD tower and 
storage box 

TM 51-35/T-
50XHD 1 $16,190.00 $16,190.00 Aluma Tower Same Same 

Assembled guy kit A2-25CG 1 $335.00 $335.00 Aluma Tower Same Same 
Temporary Anchor kit duck bill 
anchors 8800 1 $260.00 $260.00 Aluma Tower Same Same 
Duck bill anchor instillation kit 8800TK 1 $155.00 $155.00 Aluma Tower Same Same 
12 VDC electric winch and control 
cable EWDC-S 1 $595.00 $595.00 Aluma Tower Same Same 
Spare tire mounted and locked ST-14 1 $210.00 $210.00 Aluma Tower Same Same 
Trailer Tool kit TM-TK 1 $95.00 $95.00 Aluma Tower Same Same 
Trailer coupler lock TCL-100 1 $75.00 $75.00 Aluma Tower Same Same 
Co-ax Reel (cable reel) RA-200 1 $595.00 $595.00 Aluma Tower Same Same 
Double antenna stand-off, top mount, 
diamond deck plate BCDE-1176-CH 1 $395.00 $395.00 Aluma Tower Same Same 
Extra longitudinal frame members n/a 1 $240.00 $240.00 Aluma Tower Same Same 
        
Total aluma tower kit       $19,145.00    
        

Connectors 

Description Distributor Part # Qty Cost Total Manufacturer 
Manuf. Part 
# Distributor 

        
Connectors on Secondary Elec. 
Enclosure        
RJ45 Connector Box Mount  308-4605 20 $26.71 $534.20 Amphenol RJF-21B Allied 
Dust Cap for Box Mount 308-4620 20 $20.93 $418.60 Amphenol RJF-C2B Allied 
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RJ45 Cable Connector 308-4610 20 $26.13 $522.60 Amphenol RJF-6B Allied 
Dust Cap for RJ 45 Cable Connector  308-4625 4 $23.83 $95.32 Amphenol RJF-C6B Allied 
2 Pin Box Mount (10A, Std series, F) 565-4030 8 $9.33 $74.64 Bulgin PX0764/S Allied 
2 Pin Box Mount (10A, Std series, M) 565-4010 8  Bulgin PX0764/P Allied $8.95 $71.60
Box Mount Dust Cap (Std. series) $0.96 15.36 565-4090 16 $ Bulgin PX0733 Allied 
2 Pin Cable Connector (10A, Std. 
Series, F) 565-2035 36/S  8 $11.19 $89.52 Bulgin PX07 Allied
2 Pin Cable Connector (10A, Std. 

/P Series, M) 565-2000 8 $8.51 $68.08 Bulgin PC0736 Allied 
        
Connectors up to Secondary E
Enclosure 

lec. 
       

3 Pin Cable Connector (32 A,900 
series,M )    1/03/P  565-1005 2 $17.15 $34.30 Bulgin PX091 Allied
3 Pin Cable Connector (32 A,900 

   1/03/S  series,F ) 565-1030 2 $18.39 $36.78 Bulgin PX091 Allied
Dust cap for 900 series cable connector 0 565-1210 4 $2.53 $10.12 Bulgin PX096 Allied 
3 Pin Flange Connector for 900 Series 

565-1160 2 $20.37 $40.74 Bulgin PX0941/03/P Allied (M) 
3 Pin Flange Connector for 900 Series 
(F) 5 5 65-118 2  1/03/S  $21.61 $43.22 Bulgin PX094 Allied
Dust cap for 900 series all others 5 5  65-121 4 $4.47 $17.88 Bulgin PX0970 Allied 
        
Connector Total       $2,072.96    
        

Secondary Elec Instrumentation Tree tronics Enclosure and 
Top Box NEMA 4X Enclosure 2.90   al) PJ16148 1 $92.90 $9  Hammond PJ16148 Allied (speci
Top Box Enclosure Panel Aluminum 1 $13.58 $13.58 ammond 4 (special) 14A1513 H 1 A1513 Allied 
4 Circuit ATO Fuse Block 60089 1 $5.99 $5.99 Eastwood Company   Eastwood Company 
Bussmann Fuse Center 1530 3-2-2 1 $15.00 $15.00 ussmann AME ussmann 1- B S B
Tangless Connectors for Bussmann 12-

2 re  Wire 14 AWG 31069 00 $0.15 $29.34 Waytek Wi SAME Waytek
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V-infinity DC-DC Converter VD S12 ity Z200-D24- 1 $123.23 $123.23 V-Infinity SAME V-Infin
Ethernet Switch FS108 2 $66.04 $132.08 Netgear FS108NA CDW online 
Arm Clamp 323-SS 1 $ O il Company 2 $20.80 249.60 DE-STA-C SAME M.J. Va

Heat Shrink 3:1 ratio 84N608 2 $14.74 $29.48 SPC Technology  
FPHS-09
6005  

6-
Newark

Cable Wrap 100' 50N472 1 $73.95 $73.95 SPC Technology  SPC5149 Newark
Liquidtight Conduit 1" I.D. 6D085 2 $225.25 $450.50 Hubbell-Kellems B2100 Grainger 
Steel for L-Mounts for Netgear 44399 1 $3.38 $3.38 Lowes SAME Lowes 
Zinc Plated Standoffs 10-32 1" length 90270 A176 4 $2.93 $11.72 cMaster AME cMaster 0 M S M
Conduit Ends 6D104 2 $7.43 $14.86 Hubbell P100NBKA Grainger 
Junction Boxes 6x6x4 806-3742 3 $36.44 $109.32 Hammond EJ664 Allied 
2" Schedule 40 aluminum pipe 20 feet etals Metals - 1 $46.00 $46.00 BMG M SAME BMG 
1.25"x1.25" Square AL tubing 0.1
thick 

25" 
$ etals etals - 4 $32.76 131.04 BMG M SAME BMG M

1"x1" Square AL tubing 0.125" thick - 2 $25.22 $50.44 BMG Metals etals SAME BMG M
3/4 Schedule 40, aluminum pipe 20' 
length - 1 $17.00 $17.00 BMG Metals etals SAME BMG M
 Aluminum Rod 1" Diameter, 8' Length er er 1640T37 2 $43.77 $87.54 McMast SAME McMast
Heat Shrink Labels (yellow) 805-1620  1 $104.17 $ ann Tyton  104.17 Hellerm THS-620Y Allied
Desacant Bags 237 cu in 2189K16 3 $4.66 $13.98 McMaster er SAME McMast
Desacant Bags 1429 cu in 218 K17 2 $3.90 $7.80 cMaster AME cMaster 9 M S M
        
Secondary Electronics Enclosure/Instrumentation Tree 
Total     $1,812.90    
        

Main ics EnElectron closure 

Discription Par   Qt Cost Total
art 

t Number y  Manufacturer 
Manuf. P
# Distributor 

Honda Generator 2kW EU2000i 1 $1 $1,079.95 ,079.95 Honda     
aluminum diamond plate box 4'x8'x1/8" A12141 2 $123.20 $246.40 BMG Metals SAME BMG 
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Aluminum plate 4'x8'x1/8" A10561 1 $123.73 $123.73 BMG Metals SAME BMG 
AL square tubin
thick 

g 1"x1"x6' 0.0625" 
8 2   r   8875K3 3 $8.33 $24.99 McMaster-car SAME McMaster-Carr

jeep hinges and catch stainless steel r 1344 A23 3 $12.20 $36.60 McMaster-car SAME McMaster-Carr 
security hasp 6402788 2 $4.49 $8.98 Master Lock 704DPF Heavner Hardware 
handles      Hardware 659987 3 $2.99 National$8.97   N116-855 Heavner
weather stripping  1129A9 2 er-Carr 0 $3.55 $71.00 McMaster-carr SAME McMast

Battery Charger AC -2 
ies 2 

rt.com C-PRO 1 $245.00 $245.00 
Dual Pro - Pro ser
bank SAME batteryma

Batteries O T $ $  
 Odyssey 

T  .com DY-PC1700MJ   198.952  PC1700MJ397.90
Hawker

SAME batterymart
Battery Box BOX-27 2 $9.95 $19.90 Battery Mart rt.com SAME batteryma
Accessory Switches 87177 3 $5.98   $17.94 Lowes SAME Lowes
Accessory Switch Covers 76306 3 $3.97   $11.91 Lowes SAME Lowes
Selector Switch 758-0037 1 $45.53 $45.53 Tyco electronics 5-1437614-4 Allied  
Connector Block for Selector Switch 7 0 cs 12-5 58-063 1 $7.23 $7.23 Tyco electroni 2-14376 Allied  

Main AC junction box 36 2 
6-

00S 24 1 $16.43 $16.43 Square D 
HOM

12L1 Lowes 
AC GFCI breakers 71 29 8 4 $34.96 $ FIC 139.84 Square D Q0120G Lowes 
AC Ground block 67699 1 $4.72 $4.72 Square D PK7GTA Lowes 

Hospital Grade AC Receptacle ring 70401 1 $9.98 $9.98 Cooper Wi
IG8300RN-
SPL Lowes 

Outdoor AC junction box (single gang) 4 dware 665810 1 $5.99 $5.99 BWF 150 Heavner Har
Weatherproof (in use) receptacle cover 83 99 1 $12.99 $12.99 ntermatic WP110C eavner Hardware 69 I H
U-Bolts for Flood Lights 196572 2 $0.98 Lowes   owes $1.96 L
Work Lights 71 60 1 $19.97 ooper lighting MQ150 owes 4 $19.97 C T L
3/4" metalic liquidtight conduit 74525K82 30 McMaster-carr SAME McMaster-Carr $1.38 $41.40 
3/4" liquidtight 90 degree conduit 

 $5.5 33.30 arr connectors 7119K83 6 $5  McMaster-carr SAME McMaster-C
1/2" metalic liquidtight conduit ME arr 74525K81 50 $0.99 $49.50 McMaster-carr SA McMaster-C
1/2" liquidtight 90 degree condiut 

2 3  r  ster-Carr connector 7119K8 $3.55 McMaster-car$10.65  SAME McMa
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1/2" liquidtight straight  con
connector

diut 
2 6  r  ster-Carr  7119K7 $2.20 McMaster-car$13.20  SAME McMa

1/2" fitting coupler CONGALCOU050 2 $0.53 $1.06 State Electric SAME State Electric 
3/4" T-junction fitting for liquidtight
condiut 

 
   CHN350 3 $1.37 State Electric $4.11 SAME State Electric 

Pipe clamps 645705 1 $  0 $1.19 11.90 Breeze SAME Heavner Hardware
Stainless Steel Channel 3  $3085T22 4 $55.41 221.64 McMaster-carr SAME McMaster-Carr 
Stainless Steel Tube 7427K18 2 $30.96 $61.92 McMaster-carr SAME McMaster-Carr 
Stainless Steel Bar 1 1/2" wide 8992K26 2 $40.95 $81.90 McMaster-carr SAME McMaster-Carr 
Stainless Steel Bar 3" wide 8992K95 2 $50.68 $101.36 McMaster-carr SAME McMaster-Carr 
Stainless Steel Bar 4" wide 8992K416 1 $60.56 $60.56 McMaster-carr SAME McMaster-Carr 
Aluminum Diamond plae for gas tank 

$1 $  1/8" holders   A12141 1 35.52 135.52 BMG Metals SAME BMG 
Straps for gas tank holders
boxes

 and battery 
     r Hardware 264-002 4 $9.99 National$39.96   N264-002 Heavne

Automotive Relay 12VDC 40/30A 
(winch) VF 0 5 cs omponents.com 4-15F11-S 5 1 $3.5 $3.55 Tyco electroni SAME onlinec
Automotive Relay 24V
power) 

DC (main 
VF4- S05 1  ronics omponents.com 15H11- $3.55 $3.55 Tyco Elect SAME onlinec

        
Main Electronics Enclosure Total       $3,4 99  32.   
        
Total for construction       $26,463.85    
        
        

Net  Equipworking ment 

Discription P  y Cost Tot  
art 

art Number Qt al Manufacturer
Manuf. P
# Distributor 

Cisco Aironet 1410 Wireless Bridge 
AIR -A-

 $3,3  $3    
-BR1410A

K9-N 1 99.32 ,399.32 Cisco Systems SAME Dimension Data
SMARTNET 8X5XNBD Aironet 1410 

BR1410AN 1 $280.00 $280.00 Cisco Systems SAME Dimension Data Wireless 
CON-SNT-
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Aironet 5.8 GHz 9dBi Omni Antenna 
AIR-

AN $2  $    T58G9VOA 1 44.12 244.12 Cisco Systems SAME Dimension Data

Aironet 1310 Access Point/Bridge 
AIR-BR G-A-

K9-R 
1310

1 $8 32 $8 s  a 83. 83.32 Cisco System SAME Dimension Dat
SMARTNET 8X5XNBD Aironet 131
Outdoor

0 
       

CON-SNT-
AIRBR13R 1 $72.80 $72.80 Cisco Systems SAME Dimension Da ta

2.4 GHz, 12 dBi Omni 
Antenna w/RP-TNC Co

Mast Mt. 
nnector AI 20      R-ANT241 1 $472.69 $472.69 Cisco Systems SAME Dimension Data

5 ft Low Loss RF cable w/RP-TNC AIR L-
     connector 

-CAB005L
R 1 $67.32 $67.32 Cisco Systems SAME Dimension Data

Rubber Duck Antenna 218105 1 $29.00 $29.00 Cisco Systems 
AIR-
ANT4941 CDW.com 

        
Network Total       $5,448.57    
        

Wireless Arm onstructi (B/G Acce int dge)  C on ss Po  and A Bri
Enclosure for wireless arms 806-4132 2 $  $1  50.54 01.08 Hammond PJ1086 Allied 
Pannel for enclosure for wireless arms 06-1575 2 $4.42 ond 14R8 $8.84 Hamm 0907 Allied 
F-type connector for wireless arms $ 08 30C1286 4 $5.40 21.60 Amphenol 531-400 Newark 
Nut for F-type connector 95621A300 4 $4.71 $18.84 McMaster SAME McMaster 
O-Ring for F-type connector 939 K17 4 $8.73 cMaster AME cMaster 6 $34.92 M S M
24V-48V DC-DC for wireless arms VDZ200 D24-S48 2 $169.37 -Infinity AME -Infinity - $338.74 V S V
Aluminum plate 48"x48" 0.063" thick 8901 K53 2 $108.86 cMaster AME cMaster 5 $217.72 M S M
Fuses for wireless arms 8 2 6 $0.25 ittleFuse llied 46-401 $1.50 L   A
Fuse Holder for wireless arms (3AG 

se) 340 313 2 $17.40 $34.80 LittleFuse Mouser Electronics fu    
        
Total for Wireless Arm Construction       $778.04    
        
        

Addition t oal Instrumen ation (opti nal) 
IR Illuminator  M 0 FLED 60/85 1 $500.00 $500.00 Derwent   CDW online 

106 



 

NovAtel FlexPack 
FLEXPAK-G2L-

L1L2 1 $ $8,000.00 8,000.00 NovAtel   NoVatel 
Axis Video Camera 230 MPEG-2 1 $1 $1 cations ,899.00 ,899.00 Axis Communi   CDW online 
Quickset QuickEye 7  $ $-30600 1 4,500.00 4,500.00 Quickset   Quickset 

Anemometer (ultrasonic) WS8100 1 $1 $1
Intermountain 

nc. ,867.31 ,867.31 Environmental I   DACOM 

Relative Humidity/Temperature Sensor 
Intermountain 

Inc. RH50 1 $326.93 $326.93 Environmental   DACOM 

Radiation Shield DC041 1 $72.75 $72.75 
Intermountain 
Environmental Inc.   DACOM 

Radiation Shield mounting adaptor $ nc. DC028 1 $137.90 137.90 
Intermountain 
Environmental I   DACOM 

Barometric Pressure Sensor PTB 01B 1 $523.55 nvironmental Inc. ACOM 1 $523.55 
I
E
ntermountain 

  D

Wind Sensor Mounting Adaptor DC 35 1 $77.72 $77.72 
ntermountain 

Environmental Inc. ACOM 0
I

  D
        
Additional Instrumentation Total       $17,905.16    
        
Instrumentation Total       $24,131.77    
        
Base MIP Total Cost (networking 
only)       $32,690.46    
        
        

Construction Time (man hours) 
Item Estimated     Hours   

Top Box (mount connectors) 12       
Top Box (install components) 16       
Mount Top Box to Instrumentation 

ree       T 6  
Instrumentation Tree (fabrication) 80       
Instrumentation Arms (fabrication)    60    
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Instrumentation Arrm (install 
    components) 72     

Bottom Box (fabrication)    42    
Bottom Box Plate (fabrication)    6    
Bottom Box Plate Support (fabrication)    6    
Bottom Box (install components)    24    
Install equipment on trailer 40       
Generator Box (fabrication) 12       
Generator Box (installation)    12    
System Testing 40       
Gas Tank Holder (fabrication) 12       
Gas Tank Holder (installation) 8       
Instrumentation Arm Holder
(fabrication) 

s 
24       

Instrumentation Arm Holders 
installation) ( 8       

        
Total Construction Time (hours) 4     80   
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Appendix C:  MIP Installation Guide 
 
This installation guide assumes that the MIP has been removed from the tow vehicle 
and placed in its final installation location.  Additionally, if the use of guy wires is 
required consult the proper documentation in the Aluma Tower manual.  
 

1. Install the four outriggers on the MIP 
a. The first two outriggers are to be placed on the supports welded to the 

front left and right side of the base trailer 
i. Remove the retaining pin from the outrigger  

e frame of the 
base trailer 

iii. Install the retaining pin through both the support and the 
outrigger holes 

iv. The installation of the first two outriggers is now complete  
b. For the remaining outriggers two support beams must be extended 

i. Locate the support beams on the left and right rear sections of 
the base trailer 

ii. Remove the retaining pins in the support beams and extend the 
beams until the second hole can be seen 

iii. Line up the hole in the support beam with the hole in the 
welded support on the base of the trailer and install the 
retaining pin. 

iv. With the support beams extended and secured install the 
outriggers on the end of the support beams. 

c. With the outriggers installed be sure the included retaining pins are 
also installed to hold the outriggers in place.  

2. Remove the ladder from the side of the trailer and secure it to the tower near 
the instrumentation tree 

3. Remove the instrumentation arms from the instrumentation arm holders 
4. Using the ladder install the instrumentation arms into the instrumentation tree 

and secure with the toggle clamps 
5. Obtain and install the electrical and networking jumper cable 

c a orking port on the secondary 
electronics enclosure and remove the dust cap from the connectors 

b. Match the connectors on the jumper cable with the open connectors on 
the secondary electronics enclosure and secure the connector 
Match the connectors on the jumper cable with the open connectors on 
the electronics enclosure on the instrumentation arm and secure the 

nnectors. 
6. d  t u r ca

 c  he M h the connectors on the jumper 
 t o ics enclosure on the 
ta

7 u r ca
  m  jumper cable with the 
 t econdary electronics enclosure and 

ii. Place each outrigger on the support welded to th
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b. Match the connectors on the main jumper cable with the 
3 and secure the connectors 

 

mb as possible 

MP
9. Install the 

a. Rem
b. M  1 

and secure the connecto
c. Ma

10. OP
a. Rem
b. Ob

ele
c. Tu
d. To
e. Using t n 

pay
f. If a d 

 

sition 

12. The I
  
 
 
 
 
 
 
 
 
 

corresponding connectors on junction box 
8. Erect the tower 

a. Remove the green retaining strap from the top of the tower 
b. Using the manual winch crank the tower to its vertical position 
c. Put the retaining bolt through the slotted retainer plate welded to the

rear tower support and secure the retaining nut 
d. Be sure that the tower is as plu
**NOTE**  It may be necessary to install guy wires if the tower is 
erected higher than 25’ and if the winds exceed 45 MPH at 25’ and 30 

H at 50’ 
main power cable 

ove the main cable assembly from the cable reel 
atch the connectors on the main cable assembly to junction box

rs 
tch the connectors on the main cable assembly to junction box 2 

and secure the connectors 
TIONAL  R: aise the tower to heights from 25-50 feet 

ove the red security strap from the base of the tower 
tain the winch controller from the tool box and plug it into the 
ctrical winch 
rn the Main Power keyed switch to the “on” position  
ggle the “winch power” switch to the “on” position 

he winch controller raise the tower to the desired positio
ing attention to unexpected noises 
ny unexpected noises are encountered stop using the winch an

determine the cause of the problem 
g. Do not continue to raise the MIP above its maximum position as the

winch is capable of damaging the tower 
11. Turn on main power 

a. Open the generator enclosure and start the generator 
i. Toggle the choke control to the “on” position 

ii. Turn the gas tank ventilation cap to the “on” position 
iii. Turn the generator power switch to the “on” po
iv. Remove any AC cables connected to the generator 
v. Using the pull start cord start the generator and toggle the 

choke control to the “running” position 
vi. Plug in any AC cables 

b. Turn the Main Power keyed switch to the “on” position 
 M P is turned on and ready to use 
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Tro

• The

ectronics enclosure to 
nics 

e 
 and secured 

r switch to be sure that it is in the “on” position 
s enclosure to be 

 ndary electronics enclosure to be sure that 

o mentation arm electronics enclosure to be 

 power 
• The

 rs inside the main electronics enclosure to be sure 

• The strumentation 
tree

 

 

  
 
 
 
 
 
 
 
 
 
 
 

ubleshooting 
 instrumentation arms are not receiving power 
o Check the electrical connections from junction box 1 up to the 

secondary electronics enclosure to be sure that all the proper cables 
are installed and secured 

o Check the jumper cables from the secondary el
be sure that the electrical connections from the secondary electro
enclosure to the electronics enclosure on the instrumentation arm ar
connected

o Check the Main Powe
o Check the Main power fuse inside the main electronic

sure it has not blown 
Check the fuses in the secoo
they have not blown 
Check the fuse in the instru
sure that it has not blown 

o Check the charge on the batteries to be sure that they have
 AC equipment is not working 

Check the breakeo
they have not tripped 

 toggle clamps on the instrumentation arms do not fit the in
 

Adjust the nuts on the toggle clamp to the proper position for a secure o
connection 
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