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2.0 Project Description  

With space being the newest frontier for exploration, and technology becoming reliant on satellites in orbit, 

a serious concern to space-faring agencies is the amount of junk that is in orbit.  Since the launch of Sputnik 1 

in 1957, the amount of human-induced orbital debris has been ever increasing.  There are currently no active 

systems in use to reduce the amount of debris in orbit, but it is well known throughout the space industry that 

in order to continue to explore and utilize space, action must be taken to start cleaning up space.  Lockheed 

Martin Space Systems Company understands the orbital debris dilemma and is using this as motivation for 

funding the project outlined below. 

This project will develop a test article, the Proximity Identification, chaRacterization, And Neutralization by 

tHinking before Acquisition (PIRANHA) subsystem integrated onto a preexisting orbital Debris Capture 

System (DCS), the Low Earth Orbit Project for the Acquisition and Recovery of Debris (LEOPARD), to be 

used in Lockheed Martin’s Space Operations and Simulation Center (SOSC) testbed.  The preexisting DCS is 

a mechanism that can store two pieces of simulated orbital debris (referred to as debris in the remainder of this 

document), but PIRANHA will further evolve its capabilities by introducing intelligence such that it can detect, 

think, and communicate.  PIRANHA will detect debris within a TBD proximity (<50m) of the DCS. PIRANHA 

will characterize the debris based on size and shape to determine whether the object can be captured based on 

the 10 – 40cm diameter constraint of the preexisting DCS.  If the debris is within the size constraint, PIRANHA 

will calculate and output the position and velocity of the debris relative to the DCS to facilitate its 

acquisition.  PIRANHA will alert the simulated spacecraft bus if the debris appears to be within the size 

constraint of the DCS but has undetected extrusions prohibiting a successful capture.  The outputs of PIRANHA 

will interface with a simulated spacecraft bus which provides propulsion and attitude control via a six degree 

of freedom (DOF) robot in the SOSC.  

The specific objectives of this project are organized into three success levels as summarized below. This 

project will complete all three levels. 

 Level 1 – PIRANHA is mechanically attached to the preexisting DCS. PIRANHA can detect debris 

in a TBD (<50m) proximity of the DCS and characterize the debris based on size and shape. 

PIRANHA can assess the ability of the DCS to capture debris based on the DCS’s size 

constraint.  PIRANHA can detect extrusions during capture which cause the debris to span more 

than a 40cm diameter sphere. 

 Level 2 – PIRANHA can output information about the relative position and velocity of debris in 

three-dimensional inertial space to a simulated spacecraft bus. PIRANHA outputs are converted into 

commands for the simulated spacecraft bus on how to maneuver the DCS to facilitate capture of the 

object using feedback control.  PIRANHA will also satisfy Level 1. 

 Level 3 – PIRANHA and the preexisting DCS can interface with the SOSC 6-DOF robot. 

PIRANHA can execute a simulated debris capture scenario, as well as a scenario where PIRANHA 

alerts the simulated spacecraft bus that the debris to be captured is outside the size constraint of the 

current configuration of the DCS.  The scenario will begin with an object within PIRANHA’s TBD 

detecting proximity and culminate with the capture of the debris or alerting of the simulated 

spacecraft bus.  PIRANHA will also satisfy Level 1-2. 

PIRANHA shall meet the following functional requirements (FNC.X).  

FNC.1 PIRANHA shall integrate with the preexisting LEOPARD DCS. 

FNC.2 PIRANHA shall detect the presence of debris within TBD (<50m) proximity of the DCS. 

FNC.3 PIRANHA shall characterize objects based on their size and shape. 

FNC.4 PIRANHA shall output relative position vectors (pointing and tracking telemetry) of the debris 

with respect to the DCS. 

FNC.5 PIRANHA shall be testable via interface with the SOSC testbed. 
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The Functional Block Diagram and Concept of Operations (CONOPS), provided in Figs. 1 & 2, illustrate the 

scope of the PIRANHA project and the overall mission, respectively.  

 
          Figure 2: Mission CONOPS 

 
Figure 1: Functional Block Diagram of PIRANHA 
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Outlined in black in Fig. 1 is the PIRANHA instrument, the main focus of this project. It will be a test article 

to be used in the SOSC testbed and will be physically attached to the preexisting LEOPARD DCS which will 

be attached to one of the SOSC 6-DOF robots. A sensor package onboard will detect simulated debris, and 

PIRANHA will then filter the sensor output and subsequently characterize the debris. Characterization includes 

determining if the simulated debris can be captured and its relative position and velocity with respect to the 

DCS. This characterization is the output of PIRANHA, and will be sent to command the 6-DOF robot. 

 

The CONOPS diagram shown in Fig. 2 details the operation of PIRANHA in the SOSC. PIRANHA will be 

attached to the DCS on the 6-DOF robot and will detect an object within a TBD (<50m) proximity of the DCS. 

PIRANHA will characterize the object based on its size and shape. If the object is within the 10 – 40cm diameter 

size constraint of the DCS, PIRANHA will calculate and output the position of the debris relative to the DCS, 

which will be translated into acceptable input for the robot. The robot will use these formatted inputs to 

maneuver the DCS within the 3-D space to capture the object. If the object is outside the size constraint or has 

an extrusion outside the size constraint, PIRANHA will not endanger the DCS by trying to capture the object, 

but will alert the simulated spacecraft bus to deploy an alternate form of capture outside the scope of this project. 

In order to meet the objectives, certain aspects of the project have been identified as critical, implying that 

the project must be able to satisfy these elements in order to obtain mission success.  The critical project 

elements (CPE.X.X) for PIRANHA are listed below. 

Technical  

CPE.1.1 PIRANHA must detect debris in a simulated space environment.  Without the detection of 

debris, the remaining functional requirements cannot be satisfied and the design will not 

be a success.  Additionally, the task of detecting debris is not trivial as no team member 

has direct experience in designing a system to perform in this manner.   

CPE.1.2 PIRANHA must be capable of outputting commands at the rates and specifications 

required by the SOSC robot.  Without properly formatted data at the correct transfer rate, 

the SOSC robots will not be able to simulate the propulsion required to maneuver the DCS 

to capture the debris. 

Logistical  

CPE.2.1 The PIRANHA team must tour the SOSC and Space Vehicle Integration Laboratory 

(SVIL) to have a full understanding of the constraints and interfaces that must be 

considered when utilizing these resources. 

CPE.2.2 A software model must be supplied to Lockheed Martin and tested within the SOSC to 

insure PIRANHA can interface with the SOSC system. The test software model will verify 

that the design will meet requirements before operational testing.   

CPE.2.3 The PIRANHA team must be able to perform operational testing at the SOSC.  The test 

must be conducted using a 6-DOF robot. The operational testing is needed to validate that 

the functional requirements are satisfied.  

CPE.2.4 The preexisting DCS must be acquired from the Aerospace Engineering Electronics and 

Instrumentation Lab Manger, Trudy Schwartz.  

Financial  

 There are no financial critical elements for this project. 

3.0 Design Requirements  

For clarity, the functional requirements (FNC.X) have been provided again to illustrate the design 

requirements (DES.X.X) flow down.  
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4.0 Key Design Options Considered  

To develop an understanding of what type of design options should be considered, an initial thought was, “If 

a black box could be purchased to fulfill all functional requirements, what would this black box need to do?”  

The black box would need to be size constrained and mechanically capable of physically integrating onto the 

FNC.1 PIRANHA shall integrate with the preexisting LEOPARD DCS. 

DES.1.1  PIRANHA shall attach to the DCS so as not to interfere with debris capture. 

FNC.2 PIRANHA shall detect the presence of debris within TBD (<50m) proximity of the DCS. 

DES.2.1  Detection of debris shall also include determining relative distance between the DCS 

and the debris. 

DES2.2  PIRANHA shall be able to detect debris down to a minimum diameter of 10cm. 

FNC.3 PIRANHA shall characterize objects based on their size and shape. 

DES.3.1  Capturable shall be defined as any object spanning a sphere of 10-40cm in diameter. 

DES.3.2  Uncapturable shall be defined as any object spanning a sphere of diameter outside the 

range of capturable diameters. 

     DES.3.2.1  Being labeled as uncapturable shall trigger an alternate form of capture beyond the 

scope of this project. 

DES.3.3  PIRANHA shall be able to detect extrusions on objects that would otherwise be 

classified as capturable. 

     DES.3.3.1  Detection of an extrusion shall stop the DCS and trigger an alternate form of 

capture beyond the scope of this project. 

FNC.4 PIRANHA shall output relative position and velocity vectors (pointing and tracking telemetry) of 

the debris with respect to the DCS. 

DES.4.1  PIRANHA shall be capable of determining relative position to ±TBD (<1.0cm). 

     DES.4.1.1  The system shall determine the pointing direction required to align the longitudinal 

axis of the DCS with the centroid of the object to be captured. 

DES.4.2  PIRANHA shall be capable of calculating debris relative velocity, based on relative 

position measurements, to ±TBD (<0.1m/s). 

DES.4.3  PIRANHA shall continue to determine pointing and tracking directions during the entire 

scenario up to the point of debris capture. 

FNC.5 PIRANHA shall be testable via interface with the SOSC testbed. 

DES.5.1  PIRANHA will use software to convert outputs from sensors into data for the 6 DOF 

robot. 

DES.5.2  The outputs of the testbed shall correctly be able to tell the DCS where to move for the 

capture of the debris. 

     DES.5.2.1  PIRANHA will capture the simulated debris in the SOSC in TBD time (<30sec). 

     DES.5.2.2  PIRANHA shall not send commands that exceed the SOSC velocity limits. 
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DCS to fulfill FNC.1.  To satisfy FNC.2, the black box would need a sensor that is capable of detecting debris 

within a proximity of less than 50m of the DCS, as well as determining the distance of the debris relative to the 

DCS.  It would also need a sensor that could characterize the size of the detected debris and detect extrusions 

that would prevent a successful capture in order to satisfy FNC.3.  FNC.4 requires a sensor capable of 

determining the position of the debris relative to the DCS, as well as the ability to point and track the debris as 

the DCS is maneuvered.  The satisfaction of FNC.5 does not directly pertain to the sensors chosen; rather, it 

will be satisfied by executing some form of Commercial Off The Shelf (COTS) software such as Matlab. 

Due to the unique constraints and requirements of this project, there is no COTS sensor package that can be 

purchased to fulfill the five functional requirements.  For that reason, three high-level tasks were picked and 

key options that could satisfy these tasks were considered.  The high-level tasks consist of Detection and 

Position Finding, Extrusion Detection, and Size Characterization.  By identifying design options that can detect 

and find position, FNC.2 would be satisfied, as well as portions of FNC.3 and FNC.4.  Both FNC.3 and FNC.4 

require the distance between the debris and DCS to be known, and therefore the Detection and Position Finding 

task could help satisfy these requirements.  Identifying options for Extrusion Detection satisfies DES.3.2.1 and 

DES.3.3 within FNC.3.  Design options for Size Characterization satisfy the remaining design requirements, 

DES.3.1 and DES.3.2, of FNC.3, and also satisfy FNC.4.  The software and hardware required to synthesize 

the sensor package and enable its ability to output commands for the SOSC robots was not included as a high-

level task, rather it was included as a facet, the thought being that software and hardware are directly dependent 

on the sensors chosen for the three high-level tasks.  Additionally, there was no high-level task assigned for 

satisfying FNC.1, rather size and mechanical compatibility were facets for the Extrusion Detection and Size 

Characterization tasks, respectively.  Figure 3 illustrates the trade study flow down for the three high-level tasks 

in which design options below these tasks were considered. 

 

 

Detection and Position Finding 

Three key design options were considered for accomplishing the task of detecting the debris, as well as 

determining the range of the DCS from the debris.  Detect and range were categorized together because, of the 

 
Figure 3.  Trade Study Flow Down 
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three options considered, the sensor(s) were capable of performing both tasks.  The three design options were 

ultrasonic sensors, Lidar, and a camera laser range finder combination. 

 

Ultrasonic Sensors 

Ultrasonic sensors work 

on the same principal as 

sonar. The Time Of Flight 

(TOF) from when a 

generated signal is 

transmitted to when it is 

received allows the sensor to 

determine the distance from 

the reflected object.1 By 

mounting an ultrasonic 

sensor on the DCS it would 

allow PIRANHA to detect 

debris which would in turn satisfy FNC.2, as illustrated in Fig. 4.  The range at which an object can be detected 

is dependent upon its size and the quality of the sensor.    For ultrasonic sensors at the lower end of the price 

range, around $25, the detection distance is from 0 – 6m.2  At the complete opposite end of the spectrum, 

sensors in the price range of approximately $850 can detect an object at a distance of up to 15m.3  The ability 

to detect an object at a further distance is preferred because it prevents PIRANHA from having to sweep the 

test area for debris, which could be limited due to constraints of the SOSC.  Directly coupled to the range is the 

field of view.  For ultrasonic sensors, the field of view is dependent on the transceiver and typical values are 8˚ 

- 12˚.  The field of view is referred to as the beam width for ultrasonic sensors.  Since sound travels in a conical 

shape upon leaving the transceiver, the beam width increases with distance.4 Associated with range and field 

of view is the resolution of the sensor.  The cheaper sensors have a resolution of about 25mm, while the more 

expensive sensors have a resolution of less than 1mm.2,3  This does not raise any concern though, as 25mm is 

much smaller than the 10cm detecting size constraint that is provided by DES.3.1.    

In addition to range, it was also important to understand the outputs of the ultrasonic sensor in order to gain 

insight into the type of hardware and software that would be required to interface with the sensors.  Virtually 

all COTS sensors output a voltage or current that is proportional to distance.  All ultrasonic sensors researched 

for this trade study were consistent in that they could communicate via a serial connection using the RS-232 

protocol.  Due to the low level of complexity of the sensor output and lack of need for computational power, 

these sensors could be embedded via a microcontroller. 

The usability of the ultrasonic sensor could satisfy FNC.2, detecting debris, as well as be an integral part to 

satisfying FNC.3, characterizing debris.  Since the sensor has the ability to determine distance, this could be 

used in conjunction with a camera’s pixels to determine the size of an object. 

 

Table 1.  Detection and Position Finding: Ultrasonic Sensor Pros/Cons 

Pros Cons 

COTS sensors are available Unrealistic for application in space due to 

requirement of needing an atmosphere. 

Technology is proven through its current use in the 

automotive industry for detecting unseen objects in 

front and behind vehicles. 

Detecting distance is less than other sensor 

options that are available. 

Insensitive to target color and transparency.  

Affordable options are available.  

 

  

 
Figure 4.  Ultrasonic Sensor CONOPS 
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Table 2.  Detection and Position Finding: Ultrasonic Sensor Facets 

Facet Value 

Range 0 – 15m2,3  

Software/Hardware  Outputs RS-232, Microcontroller2,3 

Field of View (fixed on DCS) 8˚ - 12˚ 4 

Resolution < 1mm – 25mm2,3  

Price $25 – $8502,3 

Versatility FNC.2, and portions of FNC.3 & FNC.4 

 

Lidar 

Light Detection and Ranging (Lidar) sensors are 

able to create accurate and precise measurements of 

most objects. In the aerospace industry, Lidar is 

generally used as a proximity sensor for rendezvous 

in space or to scan large areas of terrain in order to 

produce accurate topographical maps. Similar to 

ultrasonic and radar sensors, Lidar sensors emit 

discrete pulses of light and measure the time 

required for each pulse to reflect off an object 

(TOF). The range of the object can be determined 

by multiplying the speed of light, a known constant, 

by the TOF. From this range measurement, the 

position of the object in three-dimensional space 

can be determined given knowledge of the angle at 

which the pulses of light are emitted and the inertial 

coordinates of the Lidar instrument itself.5 Using 

the LEOPARD DCS as the origin of the reference 

frame would allow for the determination of relative position of the debris, thus facilitating the completion of 

FNC.4.  

Lidar differs from traditional laser range finder sensors in that the laser emitted has a significant beam width, 

instead of emitting a single point beam. As displayed in Fig. 5, an object can be detected and ranged by rotating 

the Lidar sensor of beam width θ to sweep out a region of space in front of the DCS. Many COTS Lidar sensors 

are designed to rotate through an angle of approximately 180° to 240°, with an angular resolution of 0.25° to 

1.8°. For Lidar sensors, this angle of rotation is considered the sensor’s field of view, since the scanning 

functionality is part of the sensor itself. This scanning capability would allow PIRANHA to easily search a 

large amount of space in front of the DCS, satisfying FNC.2 and CPE.1.1, without introducing additional 

complexity to the design. Furthermore, this technology can be used to estimate the size and shape of the debris 

given knowledge of the angle through which the sensor rotates while the debris is in view and the range 

measurement of the debris. This facilitates the completion of FNC 3.0.  

Low-end commercial sensors have a detection range of 20mm to 5.5m, with a price range of approximately 

$1,000 to $2,500. More advanced Lidar sensors are capable of detecting objects in a range of 100mm to 30m, 

but cost approximately $5,000 to $10,000. Since these higher-end sensors exceed the budget of this project, 

only the low-end Lidar sensors were considered in this trade study. Within the spectrum of low-end Lidar 

sensors ($1,000-$2,500), sensors around $1,000 output serial data through RS-232 protocol, while sensors 

around $2,500 output both USB and RS-232. Also, the data returned does not require extensive processing 

power to interpret, and can be supported with a microcontroller. In general, Lidar sensors have a resolution of 

±10mm for sensors in the $2,500 price range and ±50mm for sensors in the $1,000 price range. Thus, the Lidar 

sensors considered are easily capable of detecting objects with a minimum diameter of 10cm. Lidar sensors are 

able to detect objects and determine range, fulfilling FNC.2, and can provide accurate calculations of the size 

of the object and relative position, satisfying some of the design requirements of FNC.3 and FNC.4. 

 

  

 
Figure 5.  Lidar Sensor 
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Table 3.  Detection and Position Finding: Lidar Pros/Cons 

Pros Cons 

Lidar provides accurate range measurements in 

three-dimensional space. 

Most Lidar sensors are expensive. 

Technology is proven in aerospace applications as a 

proximity detector, specifically for rendezvous with 

the International Space Station. 

Affordable Lidar sensors have short range 

(~5m). 

Many COTS sensors rotate to provide large field of 

view.  

 

Possible to estimate size of object.  

 

Table 4.  Detection and Position Finding: Lidar Sensor Facets 

Facet Value 

Range  20mm to 5.6m  

Software/Hardware  Outputs RS-232 or USB, 

Microcontroller 

Field of View (fixed on DCS)  Approx. 180° - 240° 

Resolution  Approx. 10-50mm 

Versatility  FNC 2.0: DES 2.1, 2.2  

FNC 3.0: DES 3.1, 3.2  

FNC 4.0: DES 4.1.1 

Price  $1100-$2500 

 

 

Camera & Laser Range Finder 

  

A camera in combination with a laser 

rangefinder could be used for debris detection, 

ranging, and relative position determination. 

The camera would allow a software algorithm 

to search the field of view for objects, which 

would be visually distinguishable from the 

background of the SOSC walls. A laser 

rangefinder could then be used to provide a 

range measurement. If the camera orientation 

is known relative to the DCS, a relative 

position vector of an object in the camera field 

of view with known range can be found. A 

mechanism would be required to facilitate 

pointing of the camera and laser, to provide the 

ability to range objects with an initial position 

out of view of the laser. Range finders typically 

have a very small field of view, or the area 

covered by the beam which may be ranged.6  Pointing control over the hardware would also allow a search if 

no objects were to be in the camera field of view initially. Two options are available for this pointing 

mechanism. First, the SOSC 6-DOF robot could be fed commands to orient the entire test article such that the 

rangefinder is oriented correctly. Second, a mechanical device with two degrees of freedom could be used to 

mount the camera and rangefinder to the DCS, such that the camera and rangefinder could be pointed 

independently of the DCS. Each option has its own pros and cons. By just mounting the camera and laser on 

the DCS and allowing pointing to be done by the robot, complexity is avoided. Mechanically gimbaling and 

actuating a sensor in two dimensions could be difficult, and an additional reference frame would need to be 

added into calculations of relative position and velocity. On the other hand, a two degree of freedom mount 

would allow for the scanning of large areas autonomously without re-orienting the DCS, which would require 

closed loop communication with the 6-DOF robot. As a whole, the camera/rangefinder option for detecting 

 
Figure 6.  Camera and Laser Range Finder 
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debris has many positive aspects. High definition cameras are widely available as COTS products for relatively 

little money compared to the project budget, as are laser range finders. Additionally, cameras are well known 

to be able to distinguish an object from a uniform background with the use of software as evidenced by green 

screen use in film, and the range finder in this application will not be used in any novel capacity.  A downside 

to the option is a resolution issue, and the requirement to detect an object 10cm in diameter at roughly 20m. A 

camera with high enough resolution to do this could produce images requiring a large amount of computational 

resources to process close to real time. Increasing computational power will increase cost. Testing the camera 

could be done outside of the SOSC in a static environment using a smaller room with scaled debris size and 

distances. Pointing outputs could then be evaluated against a known initial condition, and the range finder could 

be tested against a known distance. A suitable camera would likely cost between $50 and $150, and a range 

finder between $300 and $1000. Depending upon image processing needs, computing cost could be anywhere 

from $30 to $1500.  

 

Table 5.  Detection and Position Finding: Camera & Laser Range Finder Pros/Cons 

Pros Cons 

Sensors are widely available and cheap Large computing power required 

Sensors have been proven for either the role they 

will perform on PIRANHA or have been proven in 

a role close to that which will be used7
 

Debris must be distinguishable from 

background 

Testable outside SOSC  Potentially mechanically complex 

Camera could double as shape/size detector  

 

Table 6.  Detection and Position Finding: Camera & Laser Range Finder Facets 

Facet Value 

 Camera Laser Rangefinder 

Range8 >20 m >20 m  

Software/Hardware9
 Microprocessor, USB Microcontroller, custom circuit, 

USB adapter 

Field of View (fixed on DCS) 6 Up to 90˚ 6 mm diameter at 10 m 

Resolution6 Up to 2Mp ±2 mm 

Versatility FNC.2 and FNC.3 FNC.2 

Price $50 - $150 $300 - $1000 

 

Extrusion Detection 

 Four key design options were considered for the extrusion detection requirement. The design concepts each 

rely on different sensing methods, some dependent on physical contact with an extrusion and the others 

sensing the extrusion by other optical means. The four design solutions considered were proximity sensors, 

flex sensors, pressure transducers, and an optical rim sensor.  
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Proximity Sensors 

This system architecture would rely on proximity sensors to detect 

extrusions from the debris. The proximity sensors would be placed around 

the rim of the DCS, and carefully arranged so their field of view would not 

see capturable debris. There would need to be enough sensors to have a 

field of view all the way around the opening of the DCS. The constraint 

for the LEOPARD DCS is that the debris must be between 10 – 40cm to 

be capturable. Therefore, the field of view of the proximity sensors would 

allow for an object of this size to pass inside their field of view without 

detection. However, any extrusion that was not previously detected would 

now be extruding outside the allowable 40cm diameter and into the view 

of the proximity sensors, satisfying DES.3.3. The sensors would also 

require a certain degree of sensitivity to ensure extrusions are detected. To 

do this, the sensors would need to be mechanically integrated carefully so 

the debris can pass through, but extrusions cannot. This detection would 

command the DCS to abort capture of the debris, which would signify to 

mission control that an alternate form of capture would need to be 

deployed to be able to capture the debris, satisfying DES.3.2.1. An advantage to this design solution is the fact 

that there are sensors available that have a long range. With a short range, there is a higher possibility that the 

extrusion could still impact the DCS and either damage it or create more debris. However, with longer range, 

the sensitivity of the sensor would be lower, so it may not detect very small extrusions. This proximity sensor 

option would be relatively complex to integrate mechanically because of the pointing accuracy required, but 

the output from the sensors would be relatively easy to interpret. Proximity sensors can be obtained easily and 

cheaply and are commonly used in robotics. 

 

Table 7.  Extrusion Detection: Proximity Sensor Pros/Cons 

Pros Cons 

Minimizes risk of damage to the DCS by detecting 

extrusions by proximity instead of contact 

Proximity sensors have a low range 

Minimal structure needed for implementation of 

extrusion detection system 

No good data communication method from the 

sensors 

Efficient and proven technology High possibility of false detection of extrusions 

 

Table 8.  Extrusion Detection: Proximity Sensor Facets 

Facet Value 

Price < $20 per sensor (need 4-8)10 

Mechanical Compatibility Glue, Bracket, etc. 

Electrical Compatibility Analog11 

Sensitivity 16mV/cm11 

Range 15 – 150 cm11 

 

 

  

 
Figure 7.  Proximity Sensors 



Conceptual Design Document 2013 
Aerospace Senior Projects ASEN 4018 

12 
 

Flex Sensors 

This system architecture would require a mechanical system with flex 

sensors. Flex sensors detect pressure when they are bent, and their 

physical shape is long, narrow, and rigid. These sensors would be placed 

around the opening of the DCS, extending in their longest dimension 

along the longitudinal axis of the DCS, from the rim outward. A 

mechanical, flexible rim would attach the tip of each flex sensor, 

extending around the opening of the DCS. When the DCS approaches 

debris for capture and there is an undetected extrusion that would contact 

the DCS, the extrusion will come in contact with this extended opening 

first. This contact would cause the flex sensors to bend, relaying an 

electric signal to the DCS that the debris is not capturable and preventing 

damage to the DCS, satisfying DES.3.2.1 and DES.3.3.  This design 

option would be relatively easy to implement in a mechanical and 

electrical sense as the sensors themselves are relatively simple and their 

outputs could be easily interpreted. The range of this system from the 

DCS, however, is limited by the length of the flex sensor, and there is 

much uncertainty connected with an estimate of the sensitivity of the 

system. The stiffness characteristics of the sensors are unknown, so it is uncertain how small of a force the 

system could detect. For this reason, it is likely that the system would have difficulty detecting small non-

rigid extrusions like wires. Flex sensors are very cheap and easy to obtain, though, so they would be an 

economical solution option for the extrusion detection requirement. 

 

Table 9.  Extrusion Detection: Flex Sensor Pros/Cons 

Pros Cons 

Easily testable outside SOSC Contact with flex sensors still could damage 

DCS if approach speed is too high 

Mechanically simple to install Cannot detect extrusions that are over 40 cm 

but smaller than diameter of the opening of 

DCS 

Easy to integrate electronically Wires or other non-rigid extrusions may not set 

off sensor output 

Hard to get a false detection Not highly sensitive 

 

Table 10.  Extrusion Detection: Flex Sensor Facets 

Facet Value 

Price < $20 per sensor (need 4-8) 12,13 

Mechanical Compatibility Glue, Bracket, etc. 

Electrical Compatibility Analog14 

Range 4.5 inches (11.43 cm)12 

Sensitivity 10 KΩ - 110 KΩ (bending increases 

resistance)14 

 

  

 
Figure 8.  Flex Sensors 
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Rim Cover – Pressure Transducers 

 

This solution for extrusion detection would consist of a 

mechanical ring designed to cover the rim of the DCS canister. 

Pressure transducers would be placed between the cover and the rim 

of the DCS. If the DCS attempted to capture an object with an 

extrusion not detected by PIRANHA, the extrusion would hit the 

rim cover exerting a force on the cover which would be detected by 

the pressure transducers. This would satisfy the design requirement 

DES.3.3 requiring the detection of an extrusion. When that force 

exerted by an extrusion is detected, PIRANHA would output 

commands to the simulated spacecraft bus to deploy an alternate 

form of capture. This would satisfy design requirements DES.3.2.1 

and DES.3.3.1 which require that the DCS signals for an alternate 

form of capture. This solution has the advantage of using sensors 

that are widely used in similar applications and are easy to obtain 

inexpensively. The pressure transducers are also very simple to 

install and use and would not require complex mechanical design 

to integrate with the DCS. The design would require a rigid rim 

cover to sit over the sensors to ensure that contact with an extrusion 

is detected and registered by the pressure transducers. The output 

of the pressure transducers is also quite simple and consists of an 

analog voltage which could easily be interpreted by PIRANHA’s software. Pressure transducers also have the 

advantage of being very sensitive; however, their effective sensitivity would be determined by PIRANHA’s 

electrical components interfacing with the sensors. The one major disadvantage of this rim cover – pressure 

transducer system is its range. For the design as described above, extrusions would be detected when they 

contact the rim cover, which would only be slightly further away from the main DCS than the height of the 

pressure transducer. With this design, there is a chance that the extrusion would still hit the main DCS with 

enough force to damage it or possibly create more debris.  

 

Table 11.  Extrusion Detection: Pressure Transducer Pros/Cons 

Pros Cons 

Easily testable outside SOSC Cannot detect extrusions that are over 40cm but 

smaller than diameter of the DCS opening 

Simple mechanical integration Contact with wires or other non-rigid extrusions 

may not be detected by pressure transducers 

Simple electrical integration Contact with debris could still damage the DCS 

or pressure transducers if approach speed is too 

high 

Pressure transducers reliable, highly sensitive, 

readily available, inexpensive 

 

 

Table 12.  Extrusion Detection: Pressure Transducer Facets 

Facet Value 

Price < $42 per sensor (need 4-8)15 

Mechanical Compatibility DCS rim cover, brackets, etc. 

Electrical Compatibility Analog16 

Range 0.433in (11.00 mm)17 

Sensitivity Very high – will be limited by signal 

processor, electrical interface 

 

 

 

 

 
Figure 9.  Pressure Transducer 



Conceptual Design Document 2013 
Aerospace Senior Projects ASEN 4018 

14 
 

Optical Rim Sensor 

This solution concept would rely on a through beam photoelectric 

sensor. The laser transmitter and receiver would be placed above 

the rim of the DCS and pointed in opposite directions. Mirrors 

would be used at each corner of the DCS canister rim to direct the 

laser beam along the rim from the transmitter to the receiver. If the 

DCS attempted to capture an object with an undetected extrusion, 

the extrusion would break the laser beam, which would alert the 

receiver and PIRANHA of the presence of the extrusion. The 

transmitter, receiver, and mirrors could be placed on flexible 

platforms such that if the extrusion were to hit one of them, they 

would move, breaking the laser beam and alerting PIRANHA of the 

extrusion. At the alert of the extrusion, PIRANHA would send a 

signal to trigger an alternate form of capture. This would satisfy 

design requirements DES.3.2.1 and DES.3.3.1 which require 

detection of the extrusion and the deployment of an alternate form 

of capture. Unlike some of the other extrusion detection design 

options, this solution has the capability to detect non-rigid 

extrusions such as wires because the photoelectric sensors have 

excellent sensitivity and response time (<1 ms). Photoelectric 

sensors are also reliable and widely used in many everyday 

applications such as garage and elevator doors. The system would 

be relatively inexpensive since only one transmitter/receiver pair would be required. The mechanical 

integration of this photoelectric sensor system with the DCS would be very complex because of the 

importance of pointing accuracy and the way in which the beam must be reflected. The range of this system, 

however, could be essentially any range desired since it is dependent only on how far from the DCS rim the 

sensor platforms are placed. Interfacing with the photoelectric sensor would be relatively easy, but the 

Negative-Positive-Negative/Positive-Negative-Positive (NPN/PNP) output of the sensor would be slightly 

more difficult than the analog voltages from some of the other extrusion detection design options. 

 

Table 13.  Extrusion Detection: Optical Rim Sensor Pros/Cons 

Pros Cons 

Easily testable outside SOSC Cannot detect extrusions that are over 40cm but 

smaller than diameter of the DCS opening 

Simple electrical integration Mechanical integration difficult due to need for 

high beam pointing accuracy 

Minimizes risk of damage to the DCS by detecting 

extrusions by optical sensors instead of contact 

Still a possibility of damage to the DCS or 

sensor if the object hits the sensor or a reflector 

Can detect wires or other non-rigid extrusions 

because of its high sensitivity, low response time 

 

 

Table 14.  Extrusion Detection: Optical Rim Sensor Facets 

Facet Value 

Price $113 for emitter/receiver pair (need 1)18 

Mechanical Compatibility Brackets, reflectors, flexible mounting 

platforms, etc. 

Electrical Compatibility NPN/PNP sensor output19 

Range Variable (potentially any range desired) 

Sensitivity Very high  

 

Size Characterization 

 To fulfill FNC.3, “PIRANHA shall characterize objects based on their size and shape”, three key design 

options will be presented. Each option will be described by providing details of how they work, a diagram, a 

pros and cons table and information on the facets critical to meet this requirement. 

 
Figure 10.  Optical Rim Sensor  
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3D Image Sensor 

A 3D image sensor evaluates size, 

shape and volume on any object.  The 

sensor uses time-of-flight distance 

measurement and photonic mixing 

device technology to identify an object 

in its field of view.  The time of flight 

principal measures the distance based on 

the time it takes the light to travel to an 

object and back to the sensor.  The 

returning light is captured by a pixel 

array. Each pixel within the array 

computes the phase difference directly 

on a chip imbedded in the sensor. This 

allows the sensor to pre-process the data.  

The sensor can therefore produce a 3D 

image as well as the dimensions of the 

object.  Each pixel’s size is directly 

related to the distance of the sensor to 

the object.  This 3D Image Sensor has a 

range of 0.5 - 6.0m.  Increasing the 

distance from the sensor to the object 

will create a larger field of view. 

However the increase in field of view 

will increase the minimum size the 

object can be.  A change in the distance from the object changes the resolution of the sensor from 11mm to 

131mm.   Once the dimensions are known PIRAHNA will decide if the target fits within the size restraints of 

the DCS satisfying FNC. 3.  The base price of this type of sensor is $1350 and its size is 869cm3.  The data is 

pre-processed directly on the sensor, with a sampling rate of 25Hz and will be interfaced with PIRAHNA via 

Ethernet connection.   

 

Table 15.  Size Characterization: 3D Image Sensor Pros/Cons 

Pros Cons 

On-board processing of data, this removes the need 

for extensive electronics and processing speed for 

this requirement.    

The minimum dimensions of an object increase 

quickly when the range increases.  This will 

result in a variation of range based on the size of 

the object detected.   

Very dependable, known technology that has be 

proven in many industrial applications. 

The cost of this type of sensor is high and 

increases with greater resolution and range.  

 

Table 16.  Size Characterization: 3D Image Sensor Facets 

Facet Value 

Price $1350 and up 

Range 0.5 m to 6 m 

Resolution 11mm to 131mm  

Software/Hardware requirement Pre-processed data, Ethernet interface 

Size 122mm x 75 mm x 95mm 

 

  

 
Figure 11.  3D Image Sensor 
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Camera Image Processing 

The camera image concept uses a 

camera that produces a digital image to 

determine the size of the object at a 

known range.  Once the DCS is aligned 

in the proper position with the detected 

debris, the camera will take an image.  

The digital image will then be processed 

and the size dimensions will be 

determined in pixels.  The image will 

have a known resolution down to 1mm 

and will varies within a range of 1m to 

50m, combined with this known range 

the dimensions can be computed.  The 

object must have a high level of contrast 

compared to the background of the 

SOSC.  The contrast between each pixel 

will be used to determine the dimensions 

of the objects edges.  The dimensions 

will be used to find the maximum 

diameter of the target.   Once the 

dimensions are known PIRAHNA will 

decide if the target fits within the size 

restraints of the DCS, satisfying FNC.3.  

The price of the camera and computing components will range between $200-$500.  The camera will interface 

via USB and the data will be processed with a microcontroller or microprocessor.  The size of the camera will 

be less than 125cm3. 

 

Table 17. Size Characterization: Camera Image Processing Pros/Cons 

Pros Cons 

Large range, this method will detect objects up to 

50m 

Most have proper contrast between object and 

background to determine accurate dimensions.  

Cost, this option will be on the lower end of the price 

range.   

There will be a minimum range, based on the 

size of the object.  This will be determined by 

field of view of the camera.  

 

Table 18.  Size Characterization: Camera Image Processing Facets 

Facet Value 

Price $ 200 – $500 

Range 1m - 50m  

Resolution > 1mm 

Software/Hardware requirement Microcontroller (with flash memory added) or 

microprocessor, with extensive programming, USB interface 

Size 50mm x 50mm x 50mm 

 

  

 
Figure 12.  Camera Image Processing 
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Laser Line Range Sensor 

A laser line range sensor works by producing a laser line along an 

object. The lasers reach the object that is targeted at the speed of light 

and returns to the sensor. The time-of flight of the laser is determined 

and the distance is computed. The sensor determines the dimensions 

and position of an object via the objects edges.  By detecting the height 

differences the sensor calculates and transfers accurate object positions.  

The data is then processed directly by the sensor.  This data will provide 

the width of the object, the line range sensor will then be rotated 90 

degrees using a servo to scan and calculate the height of the object.  The 

width and height will be used to calculate the maximum diameter of the 

target.  Once this is known PIRAHNA will decide if the target fits 

within the size constraints of the DCS satisfying FNC3.  The laser line 

range sensor only works with in a range 0.2m to 0.8m, and the 

resolution is 1mm-3mm depending on the known range.  The cost of 

this sensor starts at $2500 and the size is 663cm3. The data is pre-

processed on the sensor and interfaces with PIRANHA via an Ethernet 

connection.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 19.  Characterization: Laser Line Range Sensor Pros/Cons 

Pros Cons 

The line range sensor can measure dimensions 

up to 600mm and as small as 3mm at and range 

of 800mm.  

The sensor can only measure 1 dimension at 

a time.  This would require the sensor to be 

rotated to determine the size of the object in 

2D.  

On-board processing of data, this removes the 

need for extensive electronics and processing 

speed for this requirement.    

The range of operation is between 200mm 

and 800mm. This would require the DCS to 

move to a very precise location to determine 

the size of the object.    

Very dependable, known technology that as 

prove in many industrial applications 

Cost, sensors of this caliber have a high 

price range.  

 

  

 
Figure 13.  Laser Line Range Sensor 
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Table 20.  Size Characterization: Laser Line Range Sensor Facets 

Facet Value 

Price $2500 and up  

Range 0.2 – 0.8m  

Resolution 1 – 3mm 

Software/Hardware requirement Pre-processed data, Ethernet interface 

Size 160mm x 74mm x 56 mm 

5.0 Trade Study Process and Results  

5.1 Trade Study Process 
 

Trade studies will be done to determine a baseline design of the PIRANHA instrument to satisfy the 

functional requirements stated in Section 3.0. Each trade study will examine the hardware necessary to perform 

debris Detection and Position Finding, debris Extrusion Detection, and debris Size Characterization, and 

include facets, for example cost, size, and complexity, which relate to the project’s functional requirements and 

critical project elements. For each piece of hardware examined, a value of 1 – 5 will be assigned to each facet 

based on the hardware’s unique characteristics. A weight will then be applied to each facet given its relative 

importance. Summing these weighted facets will yield a score out of 5 which can be compared to other pieces 

of hardware within the same trade study.  Rationale behind the choices of facets and weights is summarized 

below for each trade study. 

  

 5.1.1 Detection and Position Finding Trade Study: Facets and Weights 

 
Facets for the detection and position finding baseline design trade studies, and why they were chosen, 

are listed below. 

 

Range: This facet represents the distance at which the hardware can no longer effectively sense debris. 

Range was selected as a facet because it directly relates to the ability to achieve FNC.2 and FNC.3, 

detecting the presence of debris and characterizing the debris. 

 

Cost: This facet is how much money the hardware is worth. Cost was selected because the project has 

an allotted budget of $5,000. 

 

Resolution: This facet represents the precision of the hardware. Resolution was selected because it 

directly relates to FNC.2 and FNC.4, the ability of PIRANHA to detect the presence of debris within 

a TBD (<50m) range as small as 10cm in diameter and the ability of PIRANHA to be capable of 

sensing relative position such that relative velocity can be determined to TBD (<0.1m/s).  

 

Software/Hardware: This facet represents the ease of interfacing with the hardware, which can be 

characterized by determining the computing requirement for the hardware output and the protocol 

required to communicate with it. Interface was selected as a facet because it indirectly relates to FNC.4 

and FNC.5, PIRANHA shall output pointing and tracking telemetry of the debris relative to the DCS 

and PIRANHA shall be testable via interface with the SOSC. What the hardware is outputting, as well 

as the means required to understand what it is outputting, determines in part how difficult it will be to 

do calculations with that output. Interface also plays a large role in CPE.1.2, the need to output 

commands at rates required by the SOSC. 

 

Field-of-View: This facet represents the area of space which a piece of hardware can scan without 

needing to rotate. It was selected to be used as a facet because it directly relates to the ease of satisfying 

FNC.2. The detection of objects is a critical project element because the team has little experience 
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with sensor integration, and easier detection will give a better chance of success in addressing this 

critical element. 

 

Versatility: This facet represents the ability for the hardware to serve other sensing needs of the project, 

namely extrusion detection and debris shape characterization. Usability directly relates to the 

capability of the hardware to be used in satisfying FNC.3. 

 

Weights applied to each facet are shown in Table 21, along the rationale behind those choices. The 

influence of a facet on a critical project element was a heavy player, along with the functional 

requirements related to it. 

Table 21.  Detection and Position Finding: Facet Weights 

Facet Weight Rationale 

Range 0.35 

Range is the most important facet because it dictates how much of the 

intended test environment can be utilized. This is related to the ease of 

addressing multiple critical project elements, CPE.1.1 and CPE.2.3. 

Without proper range, PIRANHA would need to sweep the test area by 

translating, which would be prohibitive in the SOSC due to SOSC 

limitations. 

Price 0.10 
Sensors prices researched in this category typically total to less than half 

the budget, so a relatively low weight was assigned. 

Resolution 0.10 
Sensors researched generally have sufficient resolution such that a 10 cm 

diameter at 20 m is identifiable, so a relatively low weight was assigned. 

Software/Hardware 0.25 

Software/Hardware is the second most important facet because it 

influences one critical project element, CPE.1.2. The instrument must be 

compatible with the SOSC for the critical project element to be addressed. 

A high computing requirement and poor protocol will make it difficult to 

output commands at the rate and format required by the SOSC. 

Field-of-View 0.15 
Field of view is the third most important facet because while it does 

influence detection, CPE.1.1,  

Versatility  0.05 

This facet is assigned a low weight because while it would be useful for 

hardware to fulfill multiple roles, it doing so is not required as another 

piece of hardware could be added. This faced will be used as a tie breaker 

in case of several options have similar trade study scores. 

 

Determining where a piece of hardware’s unique characteristics place it within the allotted range 

of 1 – 5 for each facet can be difficult, especially for facets which do not necessarily have 

quantities associated with them like compatibility. Table 22 shows these selections, as well as the 

heuristic governing them. Any numerical ranges are based off research on sensors which would be 

used in the baseline design. In all cases, the larger the value for a facet the more favorable it is. 

 

Table 22.  Detection and Position Finding: Facet Value Ranges 

Facet Value Assigned Heuristic 

 1 2 3 4 5  

Range < 3m 3 – 10m 11 – 15m 16 – 20m > 20m 

Larger range 

the better. The 

longer the 

range, the 

easier it will 

be to satisfy 

FNC.2 and 

FNC.3 
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Cost > $2000 
$1500 – 

$2000 
$1000-$1499 

$500 – 

$999 
< $500 

Cheaper is better. 

The cheaper the 

hardware is, the 

easier it will be to 

remain within 

budget. 

Resolution > 1cm 6 – 9mm 3 – 6mm 
1 – 

3mm 
< 1mm 

Higher resolution 

is better. Higher 

resolution, easier 

FNC.2 and FNC.4 

Hardware/ 

Software 

Requires 

large 

computing 

resources 

(operating 

system) 

 

Requires 

moderate 

computing 

resources 

(microprocessor) 

 

USB type 

interface, 

requires little 

computing 

resources 

(microcontroller) 

Large memory 

and computer 

requirements are 

bad. 

Field-of-View < 50° 50°-70° 71°-90° 
91°-

110° 
> 110° 

Large field of 

view is better. 

Will make FNC.3 

easier. 

Versatility 

Not capable 

of multi-

purpose use 

 
Capable of one 

other use 
 

Capable of two 

other uses 

Larger is better. 

Less equipment, 

easier FNC.1, 

budget, FNC.5. 

 

5.1.2 Extrusion Detection Trade Study: Facets and Weights 

 
Facets for the extrusion detection baseline design trade studies, and why they were chosen, are listed 

below. 

 

Mechanical Compatibility: This facet represents the complexity in which the extrusion detection 

method can be integrated onto the current DCS. Too much complexity adds new failure modes for 

the system, which could add to the orbital debris problem. This facet was chosen because it directly 

affects the ability to detect extrusions, DES.3.3, and because it directly relates to the mechanical 

integration of PIRANHA onto the existing DCS, FNC.1. 

 

Sensitivity: This facet represents the how the degree to which the system can detect extrusions. 

Extrusions may be, and are anticipated to be small, so high sensitivity will be required to be able to 

accurately alert the system. This was chosen as a facet because of its importance to successfully 

detecting extrusions and alerting the DCS of their presence, DES.3.2.1 and DES 3.3. 

 

Electrical Compatibility: This facet represents the complexity of integrating the extrusion detection 

system with the rest of the instrument. Too much complexity could cause false detection or failure of 

detection resulting in mission failure. This indirectly relates to FNC.5 and the rest of the electrical 

and software components of PIRANHA and their requirements and also plays a large role in 

CPE.1.2, the need to output commands at rates required by the SOSC. 

 

Range: This facet represents the distance from the DCS at which an extrusion can be detected. The 

detection of an extrusion is critical to DES.3.3. The range is important because when an extrusion is 

detected, the DCS must stop its motion to prevent contact with the extrusion. 

 

Price: This facet is how much money the hardware is worth. If the hardware is too expensive it 

won’t be feasible for the budget of this project.  
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Table 23.  Extrusion Detection: Facet Weights 

Facet Weight Rationale 

Mechanical 

Compatibility 
0.35 

This facet will require the purchase and integration of multiple new parts to 

the DCS. It is important to make sure the mechanical integration of the 

sensors will allow the team to remain on schedule. Also, it is important to 

maintain the structural integrity of the DCS, and to not introduce new failure 

modes by the integration of weak, failure-prone components. This facet is 

very important to the ability to satisfy DES.3.3. 

Sensitivity 0.30 

Some sensors require pressure that is unrealistic for the purpose of the 

extrusion detection system. If there is a minimum pressure required of 10 lbs., 

an extrusion could hit a pressure or flex sensor without alerting the DCS. 

Similarly, if a sensor is too sensitive, it could give false alerts to the DCS. 

Thus, this is an important facet for successfully satisfying DES.3.2.1 and 

DES.3.3. 

Electrical 

Compatibility 

0.20 

The way the sensor communicates to the rest of the system needs to be fast 

and efficient. The electrical compatibility should not require high process 

times or bog down the system. A simple yet effective electrical compatibility 

will give the instrument higher likelihood of mission success while 

minimizing the risk of introducing additional failures. This also indirectly 

affects other electrical and software requirements in FNC.5. 

Range 

0.10 

The range at which it can detect an extrusion can directly impact the DCS’ 

ability to abort the capture, which is required in DES 3.2.1 and 

DES.3.3.1.This isn’t highly critical however because the all the extrusion 

detection methods should be able to perform its function before an abort of 

the capture is impossible.  

Price 0.05 

The sensors that could be used to detect an extrusion should be fairly simple. 

There are plenty of options that can perform the task at a low price. This 

makes it a low weighted facet because based on the $5000 budget, these 

sensors will be not be a large use of funds. 

 
These facets will be rated on a scale of 1-5, with 5 being the highest value an extrusion detection 

method can obtain for a specific facet. In areas such as price, which is quantifiable, a range will be 

determined for each value 1-5 to govern where the extrusion detection method falls in the range of 

values for that facet. For facets that are not quantifiable, like mechanical compatibility, the team 

will use their understanding of the different engineering disciplines to evaluate the facet. This will 

be judged on a set of principles that define the complexity of the facet. 
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Table 24.  Extrusion Detection: Facet Value Ranges 

Facet Value Assigned Heuristic 

 1 2 3 4 5  

Mechanical 

Compatibility 
See Table 25 

Simple 

mechanical 

implementation 

is better. The 

simpler the 

hardware, the 

easier it will be 

to satisfy 

FNC.3 and 

DES.3.3 

Sensitivity See Table 25 

High sensitivity is 

better. Will make 

FNC.3 and 

DES.3.3 easier to 

accomplish. 

Furthermore, 

more sensitivity 

increases chances 

of mission 

success. 

Electrical 

Compatibility 
See Table 25 

The simpler the 

electrical and 

software interface 

the better. This 

will help 

accomplish 

DES.5.2. 

Range <1 in. 1-6 in. 6-12 in. 1-10 ft. As desired 

Larger range is 

better. There is 

less chance of an 

extrusion 

damaging the 

DCS if the sensor 

range is large. 

Price $250-$350 $200-$250 $150-$200 $100-$150 $0-$100 

Cheaper is better. 

The cheaper the 

hardware is, the 

easier it will be to 

remain within 

budget. 

 

For the three subjective categories given in Table 24, Table 25 was created to explain how values 

were chosen for each of the design options in these three areas. 
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Table 25.  Qualitative Facet Value Assignments 

Facet Value 

Assigned 

Rationale 

Mechanical 

Compatibility 
 

 

 

Proximity Sensor 

2 

The mechanical compatibility of this option is valued at 2, indicating that 

the mechanical integration of this solution would be relatively complex. 

The hardware required for this solution is simple, since the sensors could 

be mounted directly to the DCS. The sensors would have to be very 

accurately placed and pointed in order to ensure that the sensors’ fields of 

view could detect an extrusion that would hit the DCS, but not an object 

that should enter the DCS. Because of the simple hardware but many 

hours of labor required to make this system operational, this solution 

would be mechanically difficult to implement. 

 Flex Sensor 

3 

The mechanical compatibility of this option is valued at 3, indicating a 

moderately complex integration. This solution would require very little 

hardware in addition to the flex sensors; however, there is no obvious 

way to attach the sensors to the DCS. Thus, this option would require the 

design of an attachment method. This solution would also require the 

design and implementation of a mechanical structure connecting the tips 

of the sensors. The stiffness characteristics of the flex sensors are not 

clearly defined, further adding mechanical complexity and uncertainty to 

the implementation of this solution. 

 Pressure Transducer 

4 

The mechanical compatibility of this option is valued at 4, indicating a 

simple integration. The pressure transducer system would require very 

little hardware in addition to the pressure transducers. The sensors 

themselves are very easy to install, requiring only a few screws to secure 

the bases to the rim of the DCS. A rim cover would also be needed to 

cover the sensors. 

 Optical Rim Sensor 

1 

The mechanical compatibility of this option is valued at 1, indicating a 

very complex integration. The optical rim sensor system would not only 

require a transmitter and receiver but also seven reflectors to be mounted 

on the corners of the DCS rim. These would also require flexible 

platforms or interfaces with the DCS. The transmitter, receiver, and 

reflectors would have to be very accurately aligned in order for the 

sensing system to work. The complexity of the hardware installation and 

the hours of labor required to make this sensor system operational make 

this a solution that would be very mechanically difficult to implement. 

Sensitivity   

 Proximity Sensor 

3 

The sensitivity of the proximity sensor system is valued at 3. This system 

could potentially have the capability to detect non-rigid extrusions. 

However, it is likely that the system would not be able to detect very 

small extrusions, especially at long ranges where the resolution would 

not be as good. 

 Flex Sensor 

3 

The sensitivity of the flex sensor system is valued at 3. The stiffness 

characteristics of the flex sensors are not clearly defined, so this leads to 

some uncertainty as to the size or mass of extrusion necessary for 

detection. For this reason, it is likely that the system would be capable of 

detecting rigid extrusions only. 

 Pressure Transducer 
3 

The sensitivity of this system is valued at 3. The pressure transducers 

themselves are highly sensitive and could detect very small pressure 

forces, but the sensitivity of the overall system would be limited by the 
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electrical components integrated with the sensors. For this reason, it is 

likely that the system would be capable of detecting rigid extrusions 

only. 

 Optical Rim Sensor 

5 

The sensitivity of this system is valued at 5, because it is extremely 

sensitive. The optical sensor could detect any size of extrusion that would 

be used in this project and would not be limited to rigid extrusions. The 

system has a very fast response time and could detect very small, non-

rigid extrusions. 

Electrical Compatibility   

 Proximity Sensor 

5 

This sensor receives a 5 for electrical compatibility because of the simple 

analog output when something is detected in the field of view of the 

proximity sensor. A very simple ADC could be integrated to PARANHA 

to integrate this sensor. 

 Flex Sensor 

5 

This sensor receives a 5 for electrical compatibility because of the simple 

analog output. When the sensor is flexed, the resistance is increased, 

sending a signal. A very simple ADC could be integrated to PARANHA 

to integrate this sensor. 

 Pressure Transducer 

5 

This sensor receives a 5 for electrical compatibility because of the simple 

analog output.  When pressure is applied to the sensor, it outputs a signal. 

A very simple ADC could be integrated to PARANHA to integrate this 

sensor. 

 

Optical Rim Sensor 

3 

This sensor requires more in depth knowledge of electrical circuits and 

connections. NPN/PNP use transistors and semiconductors and would 

require additional circuitry to connect to the logic of the system overall. 

This makes it score lower then the other sensors because it would 

increase the complexity of the sensor and the chances for the sensor to 

fail. 

 

5.1.3 Size Characterization Trade Study: Facets and Weights 

 
Facets for the characterization baseline design trade studies, and why they were chosen, are listed 

below. 

 

Range: This facet represents the distance at which the hardware can no longer effectively determine 

the size of the object. Range was selected as a facet because it directly relates to the ability to achieve 

FNC.3, characterizing the debris. 

 

Cost: This facet is how much money the hardware is worth. Cost was selected because the project has 

an allotted budget of $5,000. 

 

Resolution: This facet represents the precision of the hardware. Resolution was selected because it 

directly relates to FNC.3, PIRANHA shall characterize objects based on their size and shape. 

 

Hardware/Software: This facet represents the ease of interfacing with the hardware, which can be 

characterized by determining the computing requirement for the hardware output and the protocol 

required to communicate with it. Interface was selected as a facet because it indirectly relates to FNC.3 

and FNC.5, PIRANHA shall characterize objects based on their size and shape and PIRANHA shall 

be testable via interface with the SOSC. What the hardware is outputting, as well as the means required 

to understand what it is outputting, determines in part how difficult it will be to do calculations with 

that output. Interface also plays a large role in CPE.1.2, the need to output commands at rates required 

by the SOSC. 
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Size: This facet represents the physical size of the hardware to be mounted on to the DCS.  The size is 

important, because large pieces of hardware might be different to mount on the DCS and could 

interfere with other sensors.  

 
Weights applied to each facet are shown in Table 26, along the rationale behind those choices. The 

influence of a facet on a critical project element was a heavy player, along with the functional 

requirements related to it. 

 
Table 26.  Size Characterization: Facet Weights 

Facet Weight Rationale 

Resolution 0.35 

Resolution is the most important facet to characterize the size of the debris.  If 

the resolution is low the correct size of the target cannot be determined. The 

target maybe determined to be capturable when it is not in the proper size 

constraints of the DCS. 

Hardware/ 

Software 
0.25 

Software/Hardware is the second most important facet because it influences 

CPE.1.2. The instrument must be compatible with the SOSC for the critical 

project element to be addressed. A high computing requirement and poor 

protocol will make it difficult to output commands at the rate and format 

required by the SOSC. 

Range 0.20 

Range is an important facet because it dictates the position the DCS must be 

in to determine the size of the target.  This is related to the ease of addressing 

FNC.3.  Without proper range, PIRANHA would need to translate into the 

proper range of the sensor. This will require an extra step in the capture 

process.   

Cost 0.10 
Sensors prices researched in this category typically total to less than half the 

budget, so a relatively low weight was assigned. 

Size 0.10 

The size of the sensor determines the ease of attaching it to the DCS.  If the 

sensor is large in size, it may be difficult to mount or can interfere with our 

sensors on the DCS.  The weighting is low because the sensors researched are 

less than 1000cm3.   

 
Determining where a piece of hardware’s unique characteristics place it within the allotted range 

of 1 – 5 for each facet can be difficult, especially for facets which do not necessarily have 

quantities associated with them like hardware/software. Table 27 shows these selections, as well 

as the heuristic governing them. Any numerical ranges are based off research on sensors, which 

would be used in the baseline design. In all cases, the larger the value for a facet the more 

favorable it is. 

 
Table 27.  Size Characterization: Facet Value Ranges 

Facet Value Assigned Heuristic 

 1 2 3 4 5  

Resolution < 5cm 3-5cm 1-3cm 9-5mm > 5mm 

Higher 

resolution is 

better. Higher 

resolution, 

easier FNC.3 

Hardware/ 

Software 

RS-232 

protocol, or 

requires 

large 

computing 

resources 

 

RS-422 protocol, 

or requires 

moderate 

computing 

resources 

(microprocessor) 

 

USB type 

interface, 

requires little 

computing 

resources 

(microcontroller) 

Large memory 

and computer 

requirements are 

bad, as well as 

RS-232/422Easier 
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(operating 

system) 

to satisfy FNC.3 

and FNC.5 

Range < 3m 3 – 10m 11 – 15m 
16 – 

20m 
> 20m 

Larger range the 

better. The longer 

the range, the 

easier it will be to 

satisfy FNC.2 and 

FNC.3 

Cost > $2000 
$1500 – 

$2000 
$1000-$1499 

$500 – 

$999 
< $500 

Cheaper is better. 

The cheaper the 

hardware is, the 

easier it will be to 

remain within 

budget. 

Size > 1000 cm3 700-1000 

cm3   400-700 cm3 100-400 

cm3 
< 100 cm3 

Smaller is better. 

The smaller the 

hardware the 

easier it will be to 

attach to DCS and 

not interfere with 

other sensors.    

 

5.2 Trade Study Results 

  5.2.1 Detection and Position Finding Hardware 

 
Facets and weights developed in Section 5.1.1 were applied to each option for detection and 

position finding. Results are shown in Table 28. 

 

Table 28.  Detection and Position Finding: Facet Value for Design Options Considered 

Facet Weight Ultrasonic Lidar Camera/Rangefinder 

Range 35% 3 2 5 

Software/Hardware 25% 5 3 3 

Field-of-View 15% 1 5 3 

Resolution 10% 5 1 4 

Price 10% 4 2 4 

Versatility 5% 2 4 3 

Weighted Total 100% 3.45 2.7 3.9 
 

 

5.2.2 Extrusion Detection Hardware 
 

Facets and weights developed in Section 5.1.2 were applied to each option for extrusion detection. 

Results are shown in Table 29. 
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Table 29. Extrusion Detection: Facet Value for Design Options Considered 

Facet Weight 

Proximity 

Sensors 

Flex 

Sensors 

Pressure 

Transducer 

Optical Rim 

Sensor 

Mechanical 

Compatibility 35% 
2 3 4 

1 

Sensitivity 30% 3 3 3 5 

Electrical 

Compatibility 20% 
5 5 5 

3 

Range 10% 4 2 1 5 

Price 5% 3 3 1 4 

Weighted Total 100% 3.15 3.3 3.45 3.15 
 

 

5.2.3 Size Characterization Hardware 
 

Facets and weights developed in Section 5.1.3 were applied to each option for characterization of 

the debris. Results are shown in Table 30. 

 

Table 30. Size Characterization: Facet Value for Design Options Considered 

Facet Weight 

3D Image 

Sensor 

Camera Image 

Processing 

Laser Line Range 

Sensor 

Resolution 35% 1 5 5 

Software/Hardware 25% 5 3 5 

Range 20% 2 5 1 

Price 10% 3 5 1 

Size 10% 3 4 2 

Weighted Total 100% 2.6 4.4 3.5 
 

6.0 Selection of Baseline Design  

6.1 Trade Study Discussion 

 
The goal of the trade studies performed was to determine a baseline design for the system that fully satisfy 

the project functional requirements and critical project elements. All of these factors were taken into account, 

along with a variety of facets used to characterize and quantify the usefulness of each particular design option 

to this project. 

The first trade study investigated Detection and Position Finding of debris. The options investigated can be 

seen in detail in Section 4.0 of this document. Table 28 illustrates the outcome of the trade study. 

Immediately it can be seen that Lidar is the option that scored the lowest. The main contributor to this was its 

score associated with the range that it could operate on – only up to a maximum of about 6 meters. To utilize 

the full test facility capabilities, this range would simply not be great enough considering that the SOSC is 

approximately 60m in length. Other contributing factors to Lidar’s low score were its low resolution and high 

price. The Lidar systems that were investigated for this project only had a resolution of about 10-50mm. More 

expensive systems were able to resolve distances on much smaller scales, but were not within the budget 

allotted. Even a low end Lidar system proved to be very expensive, and would take up almost half of the 

budget for a suitable system. The other option investigated was the use of ultrasonic sensors for detection and 

ranging. Unlike the Lidar, the ultrasonic sensors were relatively cheap. Where they fell short, though, was in 

field-of-view and range. While field-of-view could ultimately be improved with a motor system to sweep the 

sensor, maximum sensing range could not be altered. Since range was weighted the highest in this particular 
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trade study, the ultrasonic sensor suffered for its limited 15-meter range. A camera and laser rangefinder 

combination was chosen to be the best option to satisfy the requirements of PIRANHA. It had the largest 

range of all the detection options and scored average to above average in all other facet categories. 

Next, a study of  methods for Extrusion Detection were explored.  Four options were considered, as is 

described in Section 4.0. The trade study results can be seen in Table 29. Proximity sensors and optical rim 

sensors scored the lowest in the trade study, both suffering from a lack of mechanical compatibility. 

Proximity sensors would require a high level of precision in mounting so as not to interfere with correctly 

sized debris capture. Optical rim sensors would require many different pieces that would all have to be 

aligned extremely accurately to ensure proper function. The last two options, flex sensors and pressure 

transducers, scored very similarly in the trade study. In the end, the pressure transducers were determined to 

have an easier mechanical compatibility and were chosen for the baseline design. 

The goal of the final trade study was to assist the PIRAHNA team in deciding on an ideal design choice for 

characterizing the size of the debris.  As shown in Section 4.0 of this document there are three key design 

options considered for characterizing the debris.  The research obtained by investigating each of the design 

options is displayed in Table 30.  From this table, the 3D Image sensor scored the lowest at 2.6, and was 

eliminated. The 3D Image Sensor had a low resolution and range, which is very critical for utilizing the test 

facility. When the object is at a range of 0.5m, the minimum size that can be measured is 11x11mm, which is 

smaller then the size constraint of the DCS. The problem, however, is that at that range the largest object size 

that can be determined is 420x290 mm. This became problematic because it was smaller than the maximum 

DCS size constraints. A similar problem occurs when PIRANHA is at a range of 6m. This time, the largest 

debris size can be resolved, but not the smallest. Foregoing range and resolution constraints, the 3D Image 

sensor would also consume over a quarter of the allotted budget. With only two options left, the trade study 

came down to range, price, and size. The Camera Image processing provided for a much larger range (50 

meters) than the Laser Line Range Sensor (0.8 meters) and did it for a fraction of the price. While size 

characterization might not need to be done from tens of meters away, it certainly needs to be able to work 

farther than a meter from the debris (when capture is almost imminent). The final facet that pushed the trade 

study in the favor of the Camera Image processing was the size of the Laser Line Range system which might 

have negatively influenced debris capture.  

6.2 Baseline Design 
Table 31.  Baseline Design Choice 

Category Chosen Option Requirements Satisfied Critical Project Elements 

Satisfied 

Detection and 

Ranging 
Camera/Rangefinder 

 FNC.2 

o DES.2.1 

o DES.2.2 

 FNC.4 

o DES.4.1 

 DES.4.1.1 

o DES.4.2 

o DES.4.3 

 CPE.1.1 

 CPE.1.2 

 CPE.2.3 

Extrusion 

Detection 
Pressure Transducer 

 FNC.3 

o DES.3.2 

 DES.3.2.1 

o DES.3.3 

 DES.3.3.1 

 CPE.1.1 

 CPE.1.2 

 CPE.2.3 

Size 

Characterization 

Camera Image 

Processing 

 FNC.3 

o DES.3.1 

o DES.3.2 

 DES.3.2.1 

o DES.3.3 

 DES.3.3.1 

 FNC.4 

o FNC.4.3 

 CPE.1.1 

 CPE.1.2 

 CPE.2.3 



Conceptual Design Document 2013 
Aerospace Senior Projects ASEN 4018 

29 
 

7.0 References 

1 Marioli, Daniele, et al. "Digital time of flight measurement for ultrasonic sensors." Instrumentation and 

Measurement Technology Conference, 1991. IMTC-91. Conference Record., 8th IEEE. IEEE, 1991. 
 
2 "Ultrasonic Range Finder - Maxbotix LV-EZ1 SEN-00639 RoHS Compliant."Ultrasonic Range Finder. 

Sparkfun, n.d., [https://www.sparkfun.com/products/639, Accessed 09/27/13]. 
 

3 "Senix® TSPC-21S ToughSonic® Distance Sensor." Senix, n.d. [http://www.senix.com/family_tspc.htm, 

Accessed 09/27/13]. 
 

4 Liquid Level Solutions. "Ultrasonic Level Sensor Beam Width Explained." YouTube. YouTube, 18 May 2011. 

[http://www.youtube.com/watch?v=Ie3C9-VmR2g, Accessed 09/28/13]. 
 

5 National Oceanic and Atmospheric Administration (NOAA) Coastal Services Center. 2012. “Lidar 101: An 

Introduction to Lidar Technology, Data, and Applications.” Revised. Charleston, SC: NOAA 

Coastal Services Center.  

 
6 Fluke, “Fluke 414D Laser Distance Meter”  

[http://www.fluke.com/fluke/usen/laser-distance-meters/fluke-414d.htm?PID=74281, Accessed 

9/28/2013]. 

 
7 Papanikolopoulos, N.P., Visual Tracking of a Moving Target by a Camera Mounted on a Robot: A 

Combination of Control and Vision,  Robotics and Automation, IEEE Vol. 9 Issue 1, pp 14-35, Feb 

1993. 

 
8 Optics Planet, “Laser Technology TruPulse 200 Laser Rangefinder” [http://www.opticsplanet.com/laser-

technology-trupulse-200-range-finders.html, Accessed 9/28/2013]. 

 
9 Porcupine Electronics, “LR4-Precision USB Laser Rangefinder” 

[http://porcupineelectronics.com/Laserbotics.html, Accessed 9/29/2013] 

 
10 “Proximity – SparkFun Electronics,” Sparkfun.com, n.d., [https://www.sparkfun.com/categories/84, 

Accessed 09/26/13]. 

 
11 “GP2Y0A02YK0F: Distance Measuring Sensor Unit,” Sparkfun,12/01/06., 

[https://www.sparkfun.com/datasheets/Sensors/Infrared/gp2y0a02yk_e.pdf, Accessed 09/26/12]. 

 
12 “Flex / Force – SparkFun Electronics,” Sparkfun.com, n.d., [https://www.sparkfun.com/categories/143, 

Accessed 09/26/13]. 

 
13 “Flex Sensors,” Images Scientific Instruments Inc., n.d., [http://www.imagesco.com/sensors/flex-

sensor.html, Accessed 09/26/13]. 

 
14 “FS-L-0095-103-ST Spectra Symbol | 905-1000-ND | DigiKey,” Digi-Key Corporation, 09/26/13, 

[http://www.digikey.com/product-detail/en/FS-L-0095-103-ST/905-1000-ND/2175377, Accessed 

09/26/13]. 

 
15 “50 Kg Button Load Cell – RobotShop,” Robotshop.com, 2013, 

[http://www.robotshop.com/productinfo.aspx?pc=RB-Phi-121&lang=en-US, Accessed 09/26/13]. 

 
16 “Datasheet: 3136 - Button Load Cell (0-50kg) - CZL204E,” Robotshop.com, 05/13/11, 

[http://www.robotshop.com/content/PDF/datasheet-3136.pdf, Accessed 09/26/13]. 

 
17 “Mechanical Drawing: 3136 - Button Load Cell (0-50kg) - CZL204E,” Robotshop.com, n.d., 

[http://www.robotshop.com/content/PDF/mechanical-drawing-3136.pdf, Accessed 09/26/13]. 

 



Conceptual Design Document 2013 
Aerospace Senior Projects ASEN 4018 

30 
 

18 “Through Beam (SS / FA / FB Series) | AutomationDirect.com,” AutomationDirect.com, 2013, 

[http://www.automationdirect.com/adc/Shopping/Catalog/Sensors_-z-

_Encoders/Photoelectric_Sensors/18mm_Round_-_NonMetal_(MS_-z-_SS_-z-_FA_-z-_FARS_-z-

_FB_Series)/Through_Beam_(SS_-z-_FA_-z-_FB_Series), Accessed 09/26/13]. 

 
19 “FA Series Laser Photoelectric Sensors: M18 (18mm) plastic – DC,” AutomationDirect.com, n.d., 

[http://www.automationdirect.com/static/specs/pe18mmfalaser.pdf, Accessed 09/26/13]. 

 

 

 


