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The Abstract

The objective of this project is to design a mobile surveillance system that detects human beings crossing a U.S. border.  The group is employed by a specialty engineering firm which is assigned to develop this surveillance system.  The group is designing this project for BAE Systems, which is a company that specializes in aerospace defense systems in the air, on land, at sea, and in space.  The group realized that customer needs will need to be satisfied, so the group brainstormed amongst ourselves and generated a list of customer needs.  The group then proceeded to search the U.S. patent office online.  The group found what was patented which allowed us to begin generating concepts.  When generating concepts, the group wanted an idea that had a simple solution to the problem and met the basic customer needs.  The group decided on an idea that uses strong, durable poles placed along the border with radar sensors and cameras.  When a human is detected by the sensors, a camera turns on and a signal is sent to a border patrol officer who has the power to send out a UAV from the top of the pole to track the criminal.  The UAV continues to track the criminal until appropriate security action is taken.  This design is further dissected and explained in the problem statement.
1.0 Introduction

BAE systems pointed out that there are unmanned aircraft vehicles (UAVs) to watch over our borders. The Coast Guard monitors the coast line borders. In addition to these, especially along the Mexican border, are unattended ground sensors, low light-television cameras, infrared cameras, towers (and their connections to power and communication lines), and intelligent computer aided detection (ICAD). There is also a more sound infrastructure (roads, fences, barriers, and ISIS components) and personnel resources (vehicles, field agents, support personnel, etc). The Rio Grande stops many intruding hopefuls in their tracks. Typically the problem occurs at nighttime when the temperatures are cooler and fewer eyes are watching (Guide for the Mexican Migrant). The problem occurs mostly along the border with high concentrations in parts of Arizona, New Mexico, and California.  Cities include San Diego, California and El Paso, Texas.  Illegal migration has begun to move towards the west where there is less surveillance. (Custred) The problem can occur in many ways. Insufficient detection means currently available because some are innovative. Mexicans bring guns and fight their way through. They pay someone to drive them in the back of a tractor trailer (Guide for the Mexican Migrant). They make fake documents saying that they are American citizens or legal workers or even citizens of other countries (Guide for the Mexican Migrant). They can swim across the Rio Grand or they can walk across the desert. They risk their lives to improve their living conditions and social mobility. It has been pointed out that USBP agents are much more successful in their jobs when a physical barrier is in place to block or at least slow down illegal entry (United States of America). Currently the United States has only two miles of permanent barriers and they have proven to be effective in stopping illegal traffic in this area (United States of America). However it seems as though illegal entry has shifted to the east and west in an attempt to avoid these barriers (United States of America).

1.1  Initial Problem Statement

Our goal is to improve upon an existing means of monitoring our nation’s borders. Our patrol area has two very distinct climates to choose from. One was the Canadian border which would involve our UAV navigating thick forests and frigid temperatures. The other was a 62.5 miles section of the Mexican border where most of the illegal immigration occurs, with extreme heat and numerous elevation changes.  Through patent searches and benchmarking we chose the features of current systems to improve upon. After concept generation we implemented a new design to help make our product better for our targeted audience.  
2.0 Customer Needs Assessment

The following needs in Table 2.1 were realized through brainstorming and research.

	Take off/Land
Budget 
Detect humans crossing border 
Navigate terrain 
Sustain harsh weather 
Maintain surveillance when a target is already selected 
Stay within tracking range 
Controlled direction 
Relay information when target is detected 
Constant height 
Not crash 
Aerodynamic 
Fly 
Send information when refueling needed 
Damage resistant 
Digital sensors 
Digitally controlled 
Override system 


Table 2.1 Customer Needs Assessment

Table 2.2 Hierarchal Customer Needs List Obtained from Focus Group and Individual Interviews
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2.1 Weighing of Customer Needs

Weighting is greatly important for a team to figure out which needs are most important to the customer.  By providing numerical values to the level of importance an engineer can progress through each aspect systematically.  Also, in this way objects of greatest importance are completed before those of lesser importance. By doing this the product is better for the target customer.

	
	Detecting Ability
	Tracking Ability
	Range
	Cost
	Speed of System
	Total
	Weights

	Detecting Ability
	1
	1
	2
	3
	2
	9
	0.29

	Tracking Ability
	1
	1
	2
	3
	2
	9
	0.29

	Range
	0.50
	0.50
	1
	2
	2
	6
	0.19

	Cost
	0.33
	0.33
	0.50
	1
	2
	4.16
	0.13

	Speed of System
	0.50
	0.50
	0.50
	0.50
	1
	3
	0.10

	
	
	
	
	
	
	31.16
	


Figure 2.1. AHP Pairwise Comparison Chart to Determine Weighting for Main Objective Categories

3.0 Revised Problem Statement

Our initial problem, to design a border surveillance and tracking system, is still the main drive for the team.  But now, the group is armed with more knowledge and a stronger feel for our target audience.  The group found what the government wants: something that will detect and track any human crossing the border. The group must assemble a surveillance system that can patrol a border section and detect intruders.  The group must get around hard to navigate terrain and deal with varying weather.  After researching current technology and other products on the market we have determined the most important characteristics our design will need.  Upon investigation we discovered that a system that does not depend on flying UAVs (which would not function very well in hard rain, snow, wind, or hail) would be the most reliable. We therefore became set on developing a ground based system that still uses UAVs to track intruders. As to how it will detect and tracks are still a question of which we will now pursue.
Table 2.3. Weighted Hierarchal Customer Needs List 


[image: image2]
4.0 External Search

Our information was obtained from multiple sources.  The BAE Systems Presentation introduced the project and provided a great deal of information about the project.  We then used the internet to obtain critical information and utilized patent searches to avoid repeating past ideas.  This allowed us to develop new applications of ideas in other fields that we could use.  During our external search the group discovered a wide variety of UAVs.  For example a Dragon Eye UAV has a range of 5.0 miles and a wingspan of 4.0 feet compared to the Black Widow that had a range of only 1.0 mile and a 0.5 feet wingspan.  After comparing and contrasting many different types of UAVs, we agreed upon using the Raven UAV which is very cheap, small, can fly higher than the others and has a much larger payload (see table 6.1 for more detail).
4.1 Benchmarking

After eliminating numerous design ideas we had to evaluate current systems in place and what sensors and UAVs we would choose to utilize in our project.  These items included multiple systems we found current patents for and some we felt we needed to improve (Table 4.1).  We knew our sensors required great distance and minimal cost.  Upon considering radar we concluded that the mid-range radar was a perfect fit.  After investigating further into the market we found similar items for lesser costs.  Video cameras were also an extremely important part of our system.  We failed to find a good infrared camera within the offered sensors so we explored the market further.  Here we found a suitable alternative costing less than a thousand dollars that contained numerous features, and utilized it within our system.  As for the poles we simply compared multiple sellers and chose what we felt was an appropriate product for a reasonable cost.  UAV selection was another field of investigation that the group underwent (and selection was determined by table 6.1).  After inspecting multiple micro UAVs we decided the best was the Black Widow.  However, its payload was not large enough so we again explored other options.  After great scrutiny we decided on the Raven UAV because of its payload and small wingspan.  With minimal modification of the power source to the tritium/solar cells, we could run the UAV for an extremely long time.

Our benchmarking included evaluating current systems and how they met the customer needs (Table 4.2).  After examining the current systems we noticed that border patrols are fairly good at their job.  However, our system was better at achieving our goal of monitoring and protecting the border.  After determining that our system was actually an improvement over current ones we had completed our benchmarking and moved towards final design and making the concept real. (Note: all patent references are included on the final page.)

Table 4.1. Art-Function Matrix for UAV Detection and Tracking
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Table 4.2. Benchmarking of Four Products

	Features
	Fences
	Border Patrols
	Video
Monitored
	Group 1
System

	Detecting Ability
	Minimal ability
to detect
	Medium detection
but small range
	Good detection
and good range
	Great detection 
and good range

	Tracking Ability
	No ability 
to track targets
	Great tracking
 ability
	Good tracking
ability
	Great tracking
ability

	Durability
	Very durable
	Fairly Durable
	Fairly Durable
	Fairly Durable

	Speed of System
	Always in place
	Good reaction
	Minimal reaction
time
	Good reaction

	Green Design
	Greatly damages 
ecosystem
	Minimal 
ecological effect
	Very minimal
ecological effect
	Very minimal 
ecological effect


5.0 Concept Generation
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Figure 5.1. Radar Black Box
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Figure 5.2. Camera Black Box
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Figure 5.3. UAV Launch Black Box 
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Figure 5.4. UAV Black Box

5.1 Problem Clarification

We chose to design a system that would detect any object crossing a 100km (62.5 mile) span of the Mexican border, watch the object with a camera, and then if the object is determined to be human, track it with a UAV.  Someone will be monitoring at a remotely located area and can dispatch the UAV to track the intruder.  From here the border patrol can be contacted and deal with the problem.

5.2 Concept Generation

In Figure 5.5 we illustrated multiple concepts that the team created.  Each design assessed the problem in a different way in order to create a suitable solution.  Our first concept was to have a large pole equipped with radar detect intruders and a person who can distinguish intruders and launch a UAV to track them.  Another idea was to use a large UAV to track and detect intruders.  Although this was a legitimate idea we had concerns about cost and durability is severe weather after seeing similar systems.  We also had the idea of a UAV complemented by ground sensors.  The UAV would detect intruders and ground sensors would track them.  Our fourth concept involved a large UAV that could release multiple smaller UAVs.  The large UAV would have sensors to detect where the smaller ones would be capable of tracking intruders.  The fifth concept was to build a large wall along the border with cameras to monitor intruders.  However, green design proved that this system could potentially harm the environment and prove very costly.  Finally, our last concept included a satellite to detect and track intruders.  The cost of this system was enormous though and proved to be a major problem.
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Figure 5.5. Concept Generation

Table 5.6.1. Morphological Chart

	Power Source
	Power Output
	Size
	Efficiency
	Weight
	 
	 
	Total
	rank

	 
	0.10
	0.2
	0.5
	0.2
	 
	 
	1
	 

	Nuclear
	1.0000
	0.4610
	0.8675
	0.5250
	
	
	0.7572
	1

	Spiral Cell
	1.0000
	0.4386
	1.0000
	0.3333
	
	
	0.7544
	2

	2 Volt Cut-off
	0.8056
	1.0000
	0.5999
	0.3867
	
	
	0.6578
	4

	Long Fat "DD"
	0.8333
	0.4348
	0.5999
	1.0000
	
	
	0.6702
	3

	Solar panels
	0.2778
	1.0000
	0.5999
	0.1667
	
	
	0.5611
	5

	
	
	
	
	
	
	
	
	 

	Ground Detection Sensors
	Detecting Ability
	Tracking Ability
	Cost
	Range
	Speed of System
	 
	Total
	rank

	 
	0.29
	0.29
	0.13
	0.19
	0.10
	 
	1
	 

	Acoustic microphone
	0.0050
	0.2229
	0.1000
	0.000125
	0.0400
	
	0.0343
	8

	Short Range Radar
	0.1250
	1.0000
	0.1000
	0.0250
	0.2000
	
	0.1435
	4

	Mid Range Radar 
	0.5000
	1.0000
	0.2000
	0.1000
	1.0000
	
	0.3566
	2

	Long Range Radar
	1.0000
	1.0000
	1.0000
	1.0000
	0.8000
	
	0.7619
	1

	Scanning LIDAR
	0.0750
	1.0000
	0.3000
	0.0750
	0.2000
	
	0.1654
	3

	UV Camera
	0.0050
	0.2229
	0.1000
	0.0025
	0.1000
	
	0.0405
	7

	Chemical Imaging
	0.0250
	1.0000
	0.0500
	0.0175
	0.0200
	
	0.0892
	5

	IR Camera
	0.0500
	0.2229
	0.0699
	0.00175
	0.0500
	
	0.0445
	6

	
	
	
	
	
	
	
	
	

	Airborne
Sensors
	Weight
	Form Factor
	Cost
	Range
	Power
Consumption
	 
	Total
	rank

	 
	0.2
	0.2
	0.13
	0.2
	0.27
	 
	1
	 

	Acoustic microphone
	0.0125
	0.000029
	0.1000
	0.0001
	0.0021
	 
	0.0161
	7

	Short Range Radar
	0.2500
	0.0057
	0.1000
	0.0250
	0.1429
	 
	0.1077
	3

	Mid Range Radar 
	0.5000
	0.0924
	0.2000
	0.1000
	0.5000
	 
	0.2995
	1

	Scanning LIDAR
	0.1667
	0.0359
	0.3000
	0.0750
	0.0714
	 
	0.1138
	2

	UV Camera
	0.0400
	0.0019
	0.1000
	0.0025
	0.0057
	 
	0.0234
	4

	Chemical Imaging
	0.0500
	0.0086
	0.0500
	0.0175
	0.0029
	 
	0.0225
	5

	IR Camera
	0.0333
	0.0005
	0.0700
	0.0018
	0.0029
	 
	0.0170
	6

	
	
	
	
	
	
	
	
	 

	Propulsion
	Power Output
	Power Consumption
	Efficiency
	Cost
	Speed of System
	 
	Total
	rank

	 
	0.29
	0.29
	0.13
	0.13
	0.10
	 
	1
	 

	Jet Engine
	1.0000
	0.0000
	0.0000
	1.0000
	1.0000
	
	0.3900
	3

	Propellers
	0.5000
	0.5000
	0.0000
	1.0000
	0.0000
	
	0.4200
	2

	Glider
	0.0000
	1.0000
	1.0000
	1.0000
	0.5000
	
	0.6000
	1


5.3 Concept Selection


We narrowed our concepts down to three primary ideas.  Our first idea involved a large UAV that would track and detect the target.  Our next concept was to have a large metal pole with a UAV attached to the top.  The metal pole uses a camera to detect intruders, a person monitoring the system decides if the target is harmful and if so, proceeds to deploy the UAV which tracks them until they are dealt with.  Our final concept was to use a UAV with ground sensors.  The UAV detects an intruder and the ground sensors track them.  After placing our ideas into the Pugh chart, we determined that our second concept, a metal pole with a UAV, was the best idea suited for our customer needs.

Table 5.7. Pugh Chart

	Concept
	Detecting Ability
	Tracking Ability
	Range
	Cost
	Speed of System
	Total

	
	0.29
	0.29
	0.19
	0.13
	0.1
	

	1
	B A S E
	0

	2
	0
	1
	0
	1
	1
	3

	3
	1
	0
	0
	-1
	1
	1

	
	
	
	
	
	
	

	Concept
	Detecting Ability
	Tracking Ability
	Range
	Cost
	Speed of System
	Total

	
	0.29
	0.29
	0.19
	0.13
	0.1
	

	1
	0
	-1
	0
	-1
	-1
	-3

	2
	B A S E
	0

	3
	1
	-1
	0
	-1
	0
	-1

	
	
	
	
	
	
	

	Concept
	Detecting Ability
	Tracking Ability
	Range
	Cost
	Speed of System
	Total

	
	0.29
	0.29
	0.19
	0.13
	0.1
	

	1
	-1
	0
	0
	0
	-1
	-2

	2
	-1
	1
	0
	1
	0
	1

	3
	B A S E
	0


	1 = Large UAV

	2 = Metal Pole with UAV

	3 = UAV with ground sensors


6.0 Final Design

Our final design focused on tracking and detecting intruders along the border.  Instead of a  completely UAV reliant system we integrated multiple concepts into our final design.  We created a system that utilizes large metal poles equipped with mid-range radar and a camera, a small UAV, and an employee to survey the system when objects are detected.  Although the UAV is small, it is still able to carry the payload – an IR camera with two solar panels and tritium cells – a total of 1.5kg far less than the 8kg payload of the Raven.  This allows us to use even less power and less of a weight payload.  Even less power consumption means even less batteries need, in our case, less solar cells and tritium, which add very little weight.  Our design for the UAV uses only 10V and 4 watts per hour.  The large metal poles detect movement and an employee sitting at a computer terminal determines whether the motion is an illegal immigrant.  If so, a UAV is deployed and it follows the intruder until they are dealt with. The border patrol can track a GPS tracking device in the UAV.  Throughout concept selection we considered price and longevity of the system to be extremely vital.  Using a metal pole and a smaller UAV that does not need to continuously be in the air, with a long lasting power supply we saved greatly on cost and increased the lifetime of our system.  The human element of the system assures targets are intruders and not wildlife, preventing instances where computer malfunctions might be unable to distinguish between the two.  Because our system is inexpensive the range is increased greatly due to the fact multiple poles can be placed nearby each other.  In our case, our 62.5 mile border will include three poles equipped with radar, video camera, and UAVs. Three additional poles will have video cameras and UAVs. This is simply to reduce the cost of the design. We feel our final design combines multiple concepts to provide an outstanding product for our customer.

Table 6.1 UAV Decision Matrix

	UAV
	Range
	Wingspan
	Altitude
	Payload
	 
	Total 
	Rank

	 
	0.35
	0.25
	0.1
	0.3
	 
	1
	 

	Raven
	1
	0.15625
	1
	1
	 
	0.789063
	1

	Black Widow
	0.166666667
	1
	0.769
	0.166666667
	 
	0.435234
	2

	Dragon Eye
	0.833333333
	0.125
	1
	0.000333333
	 
	0.423005
	3
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Figure 6.4 Base of Steel Pole
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Figure 6.5 Isometric View of Steel Pole, Sensors, and UAV Garage
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Figure 6.6 Right Side View of Steel Pole with Sensors and UAV Garage (Radar Sending out signal)

[image: image11.png]



Figure 6.7 Top View of Steel Pole with Sensors and UAV Garage (UAV launching)
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Figure 6.8 Raven UAV Isometric View

6.1 Green Design


Modern engineering requires a great deal of consideration about the environment and how projects will damage local ecosystems.  By evaluating what future problems might arise from a new program engineers can avoid lawsuits, ecological damage, and community disapproval.  For our system we eliminated multiple designs because they interrupted the current environment.  Design five in Figure 5.2 is one such example.  Although it is a system that would work effectively it damages the local habitat.  Our design created a system that did not harm the ecosystem in any way.  The poles take up very little space on the ground and therefore wildlife will not be hindered.  The power supply to our UAV utilizes a long lasting material to avoid waste.  Doing so eliminates numerous batteries that must be replaced in other systems.  Also, our system prevents wasted human time by utilizing video monitoring.  Any harmful device an intruder might have is also seen by the employ watching the video feeds.  Therefore, border patrols can be prepared for any hostility they may face.  By taking into consideration the local environment and how a system will alter the lives of local people and animals we have created a better design.

6.2 Concept of Operations

This system is a hybrid of radar monitoring and video surveillance. When a border threat is detected by the radar systems, it sends an alert to the monitoring guard while simultaneously turning on the video camera.   The guard then determines the threat – be it an actual border crossing, or just a wandering animal.   After determining a true threat, the guard sends out the UAV to track the aliens.  The UAV will then follow them and relay its position via GPS to the closing border patrol agents.  Within minutes, the aliens are captured and shortly returned to Mexico. The total cost of our project is just over 1.5 million dollars. See table 6.2 for the breakdown of cost. 

Table 6.2 Cost Breakdown of System

                                       
[image: image13]
7.0 Conclusions

Numerous systems exist to solve the problem of illegal border crossing, some better than others.  With improving technology and homeland security taking forefront in the nation’s concerns border patrol is more important than ever.  Customer needs vary depending on the climate and terrain of individual borders but for our project we chose the Mexican border.  After setting out to define appropriate concerns we pursued a solution to the problem.  Addressing the tracking and detecting ability of a border patrol system we created our metal pole concept.  With our concept we have reduced cost greatly, increased durability, improved the longevity of the system, and made a product with outstanding range.  By doing so we feel we have solved the problem with a great system.
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1.2 Digital sensors (.232, .8)


F.1 Detect humans crossing border


2.	Tracking Ability (.29)


	2.1 Stay within tracking range (.145, .5)


	2.2 Maintain surveillance when a target is already selected (.116, .4)


2.3 Override system (.029, .1)


3.	Range (.19)


	3.1 Fly (.114, .6)


3.2 Send information when refueling needed (.019, .1)


3.3 Constant height (.057, .3)


F.2 Take off/Land


4.	Durability (.13)


4.1 Damage resistant (.13, 1)


5.	Speed of System (.10)


	F.3 Relay information when target is detected








Radar – $ 500,000


Camera x2 – $ 1,997


Pole x2 – $ 3,750


UAV x2 – $ 70,000	


Power Supplies x2 –  $ 220


Total (per 25 miles) – $ 575,968


GRAND TOTAL (x3) – $1,727,906
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