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Motivation
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Proximity Operations and Rendezvous    
Cygnus 1 approaching ISS

Docking, Resupply, and Repair Missions 
Soyuz docking with the ISS

→ Need relative motion and orientation of nearby spacecraft in proximity operations

→ Find inexpensive, autonomous, and accurate solution
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Project Objectives

Design, build, and test a proof-of-concept sensor package 

that collects relative motion and orientation data of a 

TARGET satellite for output to the CHASE satellite on-

board attitude control system. 
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CHASE

TARGET
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Acronyms and Definitions

CHASE - Satellite housing design sensor package (SCOPE)

FLOOD - Flash Lidar Object Orientation Determination

FOV - Field Of View

ICP - Iterative Closest Point

IR - InfraRed light

LiDAR - Light Detection And Ranging

LRF - Laser Range Finder

SCOPE - Designed sensor package, housed on CHASE

TARGET - Target satellite to sense with design sensor package (SCOPE)

SCOPE

Body

Frame

TARGET 

Body 

Frame

u

v

v

v

w

v

x

v

y

v

z

v

X

v

Y

v

Z

v

Inertial

Frame
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SCOPE Shall...

FR 1 Be capable of detecting a target satellite.

FR 2 output the target satellite’s relative position upon detection.

FR 3 output the target satellite’s relative velocity upon detection.

FR 4 output the target’s relative orientation upon detection.

FR 5 output the target satellite’s relative rotation rate upon detection.

FR 6 output target satellite data at a set frequency.

FR 7
formatted to fit within a 1(U) platform (as defined by standard CubeSat protocol) upon 

launch.
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Level 2

Detect and return data outputs of a target satellite with no markers, but with a 
known 3-D model.

Levels of Success
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Level 1

Detect and return data outputs for a target satellite with known markers.

Level 3

Detect and return data outputs of an unknown target satellite
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Camera origin

Mission CONOPS
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SCOPE

sensor package

TARGET

Incoming Satellite

z

v

y

v

x

v

TARGET

Offset in image
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Mission CONOPS
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TARGET
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Tests are done in area of small background interference → Controlled lighting

TARGET must be translated and rotated at known rates → TARGET test stand track

SCOPE needs to be equipped with rotational capability for simulated ADCS → SCOPE test stand

Test Setup
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Target Satellite is able to glide along 

track while rotating with 1DOF
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Manually 

rotating test 

stand simulates 

ADCS

105m maximum 

distance15m of translation 

possible



Design Solution
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Functional Block Diagram
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Hardware Flow Chart
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Isolated system

no ground communication



Hardware Overview
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Rock64 Media 

board

Laser Range 

FinderFlash LiDAR

Mounting Face
Visual Camera

6 Sided Sensor 

Housing

10[cm] 10[cm]

10[cm]



Overall Software Flow Chart
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Background Subtraction
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Camera Subtract Dilate Contour Centroid

Assumptions

1. Only one moving object in frame

2. TARGET is always sun-facing

Results

1. Centroid of object is found for Acquire/Track

2. Return initial centroid within 60s of boot



Background Subtraction in Action
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Iterative Closest Point ~ FLOOD
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Initial Rotation and 

Translation

Compare Point Cloud 

and 3D Model

Apply Ideal Rotation 

and Translation
Remove Error based 

on Threshold

Output Data to 

SD Card

Assumptions

1. 3D model of TARGET is known 

2. Initial position is known to within 1% of actual

3. Model is within frame of Flash Lidar sensor

Results

1. Outputs quaternion and translation vectors



FLOOD in Action
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Visualization of FLOOD algorithm 

aligning point with 3D model of 

TARGET to find relative 

orientation and position

Design Solution
Critical Project 

Elements

Requirements 

Satisfaction
Risk

Verification & 

Validation
Project Planning

Purpose & 

Objectives



Critical Project Elements
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Critical Project Elements
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Centroid Determination

1. Use Background Subtraction to Detect 

TARGET.

2. Return Location in FOV for determining 

ADCS turning angles.

Position and Velocity Determination

1. Gather and smooth distance of TARGET

data from laser rangefinder.

2. Return position and velocity of TARGET

satellite.

Orientation and Roll rate Determination

1. Return orientation of TARGET within 1 

deg of actual.

2. Return angular rates of TARGET within 

1% of actual.

1-U Satellite Constraints

1. Mass is less than 1.33[kg]

2. Dimensions fit within 10x10x10[cm]

3. Data is written at a rate faster than 2[Hz]

4. Average power remains below 20W

Four main CPE’s define 

SCOPES largest challenges



Design Requirements and their 

Satisfaction
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TARGET Model
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20[cm]

20[cm]

1[m]  

1[m]

Antisymmetric 

design

Driving Requirements for Physical Characteristics

DR 1.1: The sensor shall be able to detect a target satellite with volumetric dimensions 

between 20x20x30 [cm] and 1x1x1 [m].

DR 1.4: The sensor shall be able to detect a target satellite under favorable lighting 

conditions.*

White diffusive 

paper

Driving Requirements for Motion Characteristics

DR 1.2: The sensor shall be able to detect a target satellite at a range of 100 [m].

DR 3.1: The sensor package shall output the target satellite’s relative velocity with an 

error of less than 1% with a relative velocity of 0.1[m/s] to 1[m/s].

DR 5.2: The sensor shall be able to detect target satellite rotation rates between 1[deg/s]

and 5[deg/s].

*Favorable lighting conditions assumes diffusive white light on diffusive white paper
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FR 1: The sensor package shall be capable of detecting a target satellite.
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Acquire Sensor Requirement Satisfaction
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DFK Autofocus Camera

● Resolution: 5MP (2560x1920[px]) 

● Frame rate: 15 fps 

Aico 25mm Lens

● FOV: 10.50°V x 14.68°H 

Driving 

Requirement

Design Parameter defined by 

Requirement
Sensor Capability

Requirement 

Fulfilled

DR 1.1
TARGET’s volume between 20x20x30[cm]

and 1x1x1[m]. A total of 420 pixels are illuminated 

by TARGET at maximum distance 

and minimum volume

Yes

DR 1.2.1 Detect TARGET at a distance of 100[m]

DR 1.4.1
Detect TARGET under favorable lighting 

conditions

Visual camera → operates best 

under well-lit conditions
Yes



Centroid Determination Satisfaction- Blender

29

Distance to 

target

3D model of 

TARGET

Camera origin

Camera 

FOV

Camera Properties:

Resolution: 2560x1920

Rate: 15 fps

FOV: 10.5° by 14.68°

(Taken from chosen hardware)
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Risk
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Objectives

REC

2D Image 

captured

With hardware 

simulation 



Centroid Determination Achieved

Percent Confidence for Satisfying 

DR 1.3 > 99%
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Driving Requirements

DR 1.2: The sensor shall be able to detect a target 

satellite at a range of 100 [m].

DR 1.3: The sensor shall detect the target satellite 

within 60(s) of turn-on.

DR 1.4: The sensor shall be able to detect a target 

satellite under favorable lighting conditions.



FR 2: The sensor package shall output the target satellite’s relative 

position upon detection.

FR 3: The sensor package shall output the target satellite’s relative 

velocity upon detection.
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Laser Range Finder Requirement Satisfaction
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Driving 

Requirement

Design Parameter defined by 

Requirement
Sensor Capability Requirement Fulfilled

DR 1.2.1 Detect TARGET’s at a range of 100 m Measurement range +100[m] Yes

DR 2.1 Output TARGET’s satellite relative 

position with an error of less than 1%

Frame rate of 18,317 [Hz]

Accuracy of +/- 10 [cm]

Std position 0.0388 [m]

Yes

DR 3.1 Output TARGET’s satellite relative 

velocity with an error of less than 1%

Frame rate of 18,317 [Hz] and 

Accuracy of +/- 10 [cm]

Std velocity 0.0548 [m/s]

Yes
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SF30-C Laser Rangefinder 100m 

Receiver

Transmitter



1-100m Position Determination is a Success

Percent of Points Above Error = 0%

Percent Confidence of Satisfying 

DR 2.1 > 99%
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Highest Percent Error = 0.5%Driving Requirements

DR 2.1:The sensor package shall output the target 

satellite’s relative position with an error of less 

than 1% up until a relative position of 1[m].



Velocity Determination Satisfied

LRF error is not a function of 

distance or velocity so highest 

error occurs at lowest velocity 

Percent of Points Above 

Error = 0.0015%

Percent Confidence of Satisfying 

DR 3.1 > 99%
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1% Error

Driving Requirements

DR 3.1: The sensor package shall output the 

target satellite’s relative velocity with an error of 

less than 1% up until a relative velocity of 

0.1[m/s].

%



FR 4: The sensor package shall output the target’s relative orientation 

upon detection.

FR 5: The sensor package shall output the target satellite’s relative 

rotation rate upon detection.
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LiDAR Sensor Requirement Satisfaction
IFM Electronics O3D301
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Driving 

Requirement

Design Parameter defined by 

Requirement
Sensor Capability

Requirement 

Fulfilled

DR 4.1
Output TARGET’s relative orientation 

between 1[m] and 10[m].

Measurement range up to 10[m], 

and background up to 30[m].
Yes

DR 4.2
Output TARGET’s relative orientation with 

an error off less than 1[deg]

Individual point accuracy is 

+/- 2[cm]

More analysis 

required

DR 4.3
Determine orientation of TARGET through 

comparison with known 3D model.
.pcd (point cloud) file output Yes

IR LEDs to 

illuminate target

IR Camera
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Orientation Determination Satisfaction - Blender
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3D model of 

TARGET

Lidar 

Sensor

Lidar 

Beams

Lidar Properties:

Resolution: 176x132

Rate: 2 FPS

Accuracy: 7-20 mm

FOV: 40°x30°

(Taken from hardware)

● 100 simulations performed 

● Model moves from a distance of 10m to 

1m during each simulation

● Simulated Lidar sensor uses ray tracing 

to develop a 3D point cloud of TARGET 

every half second

● FLOOD algorithm finds the orientation 

and position of each point cloud
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Orientation Determination Achieved
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Percentage above 1 deg = 29%

Over 2m = 18%

Under 2m = 93%

Percent Confidence of Satisfying 

DR 4.2 = 70%

Driving Requirements

DR 4.1: The sensor package shall output the 

target satellite’s relative orientation at a starting 

range of 10[m].

DR 4.2: The sensor package shall output the 

target satellite’s relative orientation with an error of 

less than 1[deg].

DR 4.3.2: The sensor will be able to determine the 

target satellite’s relative orientation through a 

comparison with a known 3D model of the target 

satellite.



Roll Rate Determination Satisfied
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Percentage above 1 deg:   5.2%

Over 2m:                            1.3%

Under 2m:                          35.7%

Percent Confidence of Satisfying 

DR 5.1 = 94.8%

Driving Requirements

DR 5.1: The error of the sensor package’s relative 

rotation rate output shall be less than 1[deg/s].

DR 5.2: The sensor shall be able to detect target 

satellite rotation rates between 1[deg/s] and

5[deg/s].



FR 6 The sensor package shall output target satellite data at a set frequency.

FR 7 The sensor package shall be formatted to fit within a 1(U) platform (as defined 

by standard CubeSat protocol) upon launch.
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Overall Power Consumption Fulfilled

Assumptions

1. Highest power consumption 

during orientation phase 

(all sensors in operation)

2.  Peak power reached 10% of 

time to take one measurement.

Requirement

Average power must continuously 

remain below 20W.

Result

Overall power consumption meets 

requirements. (FR7 DR7.3)
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Max Power UsagePower Limit



Assumptions

1. Heat transfer through

conduction, radiation, and 

convection.

2. Components emit thermal

power from surfaces.

3. Surface contacts assumed

ideal (bonded).

4. Ambient temperature is 22°C

Governing Equations

Convection:

Conduction: 

Radiation:

Operational Temperature
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Rock64 (2.5W)

Camera (1.25W)

LRF (1.25W)

LiDAR (10W)

Shell 



Operational Temperature
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Results

1. Highest temperature 

reached is 42°C. 

(by Rock64)

2. Shell helps to dissipate 

heat by the flash LiDAR

Conclusion

1.  All temperatures remain

within operational

temperature.

2.  No heat sinks (besides

shell) required.

Rock64 (42°C)

Camera (27°C)

LRF (26°C)

LiDAR (30°C)

Shell (22°C) 
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Output Frequency Validated
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Algorithm Testing device Output Frequency [Hz] Requirement Fulfilled

Background Subtraction 2.4 GHz Mac computer 18.63 Yes

FLOOD 1.2 GHz Raspberry Pi 7.23 Yes

Driving Requirements

DR 6.1: The sensor shall output target satellite data at a frequency of 2[Hz].

DR 6.2:  The sensor may output target satellite data at a frequency of 5[Hz].

Rock64 Board

Quad Core 1.8GHz

4GB DRAM



Mass Requirement Fulfilled
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Component Mass [kg]

Shell and Hardware 0.230

Rock64 Board 0.020

Visual Camera 0.054

Laser Rangefinder 0.040

Flash LiDAR 0.800

Cables/Wiring 0.035

Total 1.189

Margin 0.141

Driving Requirement

DR 7.3: The sensor shall not have a mass exceeding 1.33[kg].
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Risk Matrix
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Computational Board Overheating: Rock 64 Microprocessor exceeds maximum operating temperature 

Failure to Detect Target Satellite: Background Subtraction returns a centroid location that is not on the 

target satellite

Budget Exceeds allotted amount: Cost of Sensors is too high

Data Accuracy Failure: Not returning position, velocity, orientation, and/or roll rate data within specified 

accuracy thresholds

Power System Overloads: System as a whole consumes more power than provided by the satellite bus



Risk Mitigation
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Mitigation Methods:

Data Accuracy Failure: 

- Kalman filtering with LiDar, optical camera, LRF (reduces risk)

- Algorithm Optimization (reduces likelihood)

- LiDar with wider FOV (reduces likelihood)

Over Budget: 

- Address accuracy requirements in order to reduce sensor cost (reduces likelihood) 
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Testing Overview 
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Conclusions:

1. Hardware and Software integration support transitions between stages

2. A manufactured model of the target satellite is needed in order to collect data

3. A track to simulate at best orbiting conditions 
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Test Setup
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Target Satellite is able to glide along 

track while rotating with 1DOF
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Manually 

rotating test 

stand simulates 

ADCS

105m maximum 

distance15m of translation 

possible



Test 1: Acquire and Track
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Detect

1. Winch drives target at  

0.1 [m/s]

2. Sensor test stand is 

turned manually. 

3. Digital level displays truth 

angles [ θ,ψ ]

4. Algorithm outputs angles 

needed to center target in 

FOV 
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Setup/Calibration

1. SCOPE set to position at 

0 [m].

2. Track ends 90 [m] away 

from SCOPE, starting at 

105 [m].

3. Accurate pointing 

calibration achieved with 

digital level laser beam.

4. SCOPE’s sensors are 

activated. 
105 [m] 105 [m]

û

ŵ

v̂

x v

y v

z

v



Test 1: Acquire and Track
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Track

1. Target continues to move 

in-line 

2. Track ends at position 90 

[m]

3. Ensure software and 

sensors transitioned as 

expected

90 [m]

Data Acquisition

1. Motors turned off 

2. Analyze data in Matlab

3. Restart test with 

different motor speeds

vx

ωz

90 [m]



Test 2 : Track and Orientation
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Setup/Calibration

1. SCOPE set to position at 

0 [m].

2. Track ends 1 [m] away 

from SCOPE, starting at 

16 [m].

3. Accurate pointing 

calibration achieved with 

laser beam.

4. SCOPE’s sensors are 

activated. 

Initialization

1. Loud clap signal 

start of test and 

allow for data 

synchronization.

2. Target motor 

spinning at desired 

rotational rate.

3. Winch motor pulling 

at desired velocity.
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Test 2: Track and Orientation
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Transition

1. Monitor sensors to 

make sure transition 

happens flawlessly.

Data Acquisition

1. Turn off motors.

2. Analyze data in 

matlab.

3. Restart test with 

different input 

voltages to motors.
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The Sensor Package Test Stand
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Wingnut for 

manual tightening

Circular track allows 

40[deg] of travel

Laser for pointing 

calibration
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Rotation occurs 

closest to camera



Spool to collect the 

pulling wire

Pillow block bearings

Nema 24 

Stepper motor

Pulling wire

Shaft coupler

Motor-mounted

500 PPR 

encoder
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Inline wheel and track system ensures 

proper pointing with translation

Pillow block bearings

Nema 24 

Stepper motor

Shaft coupler

Motor-mounted

900 PPR 

encoder

Target test stand & winch

Requirement Tested Test Stand Capability

DR 2.1,2: Output target’s 

relative position and velocity 

with an error of less than 1% up 

until a relative position of 1[m].

500 PPR winch encoder gives 

accuracy in distance to 1[cm]. 

DR 4.2: Output the target 

satellite’s relative orientation 

with an error of less than 

1[deg].

3600 PPR encoder gives rotation 

position at an accuracy of 

0.1[deg]. 

DR 5.2: Detect target satellite 

rotation rates between 1[deg/s] 

and 5[deg/s]

Nema 23 Stepper motor provides 

enough torque to rotate target 

satellite at constant rotational 

rate.

DR 5.1: The error of the sensor 

package’s relative rotation rate 

output shall be less than 

1[deg/s].

Instantaneous roll rate can be 

calculated from encoder to an 

accuracy of 0.1[deg/s].

Design Solution
Critical Project 

Elements

Requirements 

Satisfaction
Risk

Verification & 

Validation
Project Planning

Purpose & 

Objectives



Test Plan 
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Project Planning
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Organizational Chart
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Cost Plan
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Category Total Price

Hardware $3,475.45

Testing $1,521

Total $4,996.45

Margin 0.0652%



Work Breakdown Structure

Items to be completed in Spring 2018:
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Hardware

● Order Materials

● Configure and Integrate 

Components

Electrical

● Order Materials

● Configure and Integrate 

Components

● Debug Integrated Algorithms

Testing

● Order Materials

● Configure and Integrate 

Components

● Manufacture Necessary 

Hardware Components

● Conduct System Tests

Software

● Produce/Modify Algorithms 

and Drivers

● Configure and Integrate 

Components

● Debug Integrated Algorithms

Systems

● Determine Statistical 

Significance of Testing Results



Work Plan
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Critical Path
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Questions?
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Fulfilling Functional Requirements
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Functional 

Requirements

Test

FR 1 Transition Test 1

FR 2 Transition Test 1

FR 3 Transition Test 1

FR 4 Transition Test 2

FR 5 Transition Test 2

FR 6 Inspection

FR 7 Inspection



Test Plan

● Acquire and Track Test
○ Dependencies

■ ITLL/Engineering Center hallway availability - Already talked to Dean and outlined 

test plan.

■ Lighting - Received approval and ability to control lighting

○ Schedule

■ Currently Acquire and Track testing is scheduled for 3/5/18 to 3/19/18. 

● Enough time to be flexible

● Track and Orientation Testing
○ Dependencies 

■ ITLL/Engineering Center Hallway availability and Lighting 

○ Schedule

■ Track and Orientation testing is scheduled for 3/19/18 to 4/2/18

● Orientation testing can be conducted prior than this to account for Spring 

Break
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Phases:

● Set SCOPE at origin, 0 m

● Use a tape measure, (EC class 1) to set the rail at a distance that will cover 90m - 105m from SCOPE

● Turn on SCOPE and position it down the line of sight from the target

● Set the first 60s of target movement to .1 m/s and the remainder of the test to .1 m/s

● Turn on the motor/microcontroller setup

● Repeat steps 4 and 5 with varying remainder of test velocities from .1 m/s to 1 m/s. 

Assumptions:

● The rail system allows the cart to move perfectly straight:
○ i.e the side to side motion is constrained and can be assumed to be so small that it is negligible

● The motor does not fluctuate:
○ i.e the motor pulls at a constant angular velocity and there is no noise or fluctuations in this 

velocity 
● The target satellite will be moving at a constant rate of .1 m/s during the “Acquire phase”  and then speed 

up to testing speeds for the remainder of the test



Testing Hardware Flow Chart
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The Target Satellite
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1[m]  

1[m]

Cardboard tube

Mass = 3.3[kg]

Driving Requirements

DR 1.1: The sensor shall be able to detect a target satellite with volumetric dimensions 

between 20x20x30 [cm] and 1x1x1 [m].

DR 1.4: The sensor shall be able to detect a target satellite under favorable lighting conditions

Antisymmetric 

design

⅛” cut plywood

Thin white paper/box

Red solo

cup

PVC mounting 

brace

IKEA bowl



Encoder Quadrature

● Utilize encoders with AB Quadrature output along with an LS7184 encoder chip

○ This allows for the group to quadruple the effective pulses per revolution

○ Could help mitigate our current budget situation

● Chip allows for 4x normal PPR values because it counts the leading and trailing edges of 

both channels of the quadrature encoder’s pulse train. (see image below)
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FEA Mesh and Parameters (thermal) 

All bodies have constant material properties:

Component(s): Shell

Material: 6061 Aluminum Alloy

Thermal Conductivity: 170 W/(m*K)

Component(s): Laser Rangefinder

Material: ABS PC

Thermal Conductivity: 0.2618 W/(m*K)

Component(s): Rock64 Board

Material: Non-conductive PCB Substrate

Thermal Conductivity: 0.2256 W/(m*K)

Component(s): Visual Camera, 03D301 LiDAR

Material: ABS PC/6061 Aluminum

Thermal Conductivity: 85 W/(m*K)

Contact Resistance: 2.5x10^-4 W*m^2/K

77Triangular based mesh



FEA Mesh and Parameters (thermal) 

Model uses the following conditions:

Ambient Temperature: 290K

Thermal Emissivity: 0.12

Contact Resistance: 2.5x10^-4 W*m^2/K

78Triangular based mesh



Various Power Outputs
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Component Low Power Peak Power Mean Power

Rock64 Media Board 1.25W 10W 2.5W

IFM 03D301 Flash LiDAR 5W 48W 10W

DFK AFUJ003-M12 n/a 5W 1.25W

SC30-C Laser Rangefinder n/a 5W 1.25W

Sources

Rock64: https://forum.pine64.org/showthread.php?tid=1220

AFUJ003: https://www.theimagingsource.com/products/autofocus-cameras/usb

-3.0-color/dfkafuj003m12/

SC30-C: https://www.parallax.com/product/28058

03D301: https://www.ifm.com/hu/en/product/O3D301

https://forum.pine64.org/showthread.php?tid=1220
https://www.theimagingsource.com/products/autofocus-cameras/usb
https://www.parallax.com/product/28058
https://www.ifm.com/hu/en/product/O3D301


Various Operational Temperatures
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Component Peak Operational 

Temperature

Maximum Predicted 

Temperature

Rock64 Media Board 65°C 42°C

IFM 03D301 Flash LiDAR 50°C 30°C

DFK AFUJ003-M12 45°C 27°C

SC30-C Laser Rangefinder 40°C 26°C

Sources

Rock64: https://forum.pine64.org/showthread.php?tid=1220

AFUJ003: https://www.theimagingsource.com/products/autofocus-cameras/usb

-3.0-color/dfkafuj003m12/

SC30-C: https://www.parallax.com/product/28058

03D301: https://www.ifm.com/hu/en/product/O3D301

https://forum.pine64.org/showthread.php?tid=1220
https://www.theimagingsource.com/products/autofocus-cameras/usb
https://www.parallax.com/product/28058
https://www.ifm.com/hu/en/product/O3D301


Static Loads Analysis
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33N

Roller Support

Fixed Support

Triangular Mesh 

Element

Assumed bonded 

contact

Conclusions:

1. The test stand will withstand 

loads during test 1 and test 2.

2. Calibration will take into account 

for the 0.25[deg] angle deflection. 

Tip deflection: 

~ 4.4[mm]

Induced Angle:

~ 0.25[deg]

Maximum dip: ~ 4.28[mm]



Sensor Calibration
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These calibration methods can be used for both the laser rangefinder and 

the flash LiDAR.



Minimum Pointing Accuracy
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θmin= 0.01°100[m]

1.7[cm]

20[cm]

20[cm]

The minimum sized model defines the pointing accuracy to 

be required as a 20[cm] vertical and horizontal resolution.

This means that the sensor package must be able to rotate at 

0.115[deg] per step.

The resolution of our sensor test stand encoders and 

digital level give a resolution of 0.01[deg].

Therefore, we can measure up to 1.7[cm] per step



Error in Offset Turning
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Sensor Face Offset
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All offsets are accounted for in 

software

Rlev = <0,38,0> [mm]

Rlrf = <0,-31,0> [mm]

Rfl = <-49,-35,0> [mm]



Error Due to Face Offset

This offset causes error in pointing as the object gets closer.

At 10[m], the closest position in which the laser rangefinder is used, this 

error (vertical offset) is 2.79[cm].
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Track Motor math 
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r
motor

Givens:

Analysis:
Conclusions:

● Need pullout  torque at least 2 Nm 

between ~19 RPM and 190 RPM

● Need 34.59 W for power



Track Encoder math 
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r

encoder

Analysis:

Givens:

Conclusions:

● Need at least 314 pulses per rev

● Need a min frequency of 1000 Hz

s
Choose s = 1 mm (accuracy at 1 m) one order of magnitude greater 

than Functional requirement



Orientation Encoder math 
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r

encoder

Analysis:

Givens:

Conclusions:

● Need at least 3600 pulses per rev

● Need a min frequency of 50 Hz

s

Choose detection angle to be 0.1 deg (one order 

of magnitude greater than functional requirement)



1km Infeasibility
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Allowable pixel error for background subtraction: 7px



Autofocus capabilities
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Two types: Passive and Active 

1.  Active uses SONAR or IR

2.  Passive uses pixel comparison and computer analysis

Passive: Determines blurriness of image → adjusts to find min. Blurriness

- Determines blurriness by contrast of edge pixels

Out-of-focus image In-focus image



Flash LiDAR Resolution
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FLOOD Explained
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FLOOD Explained
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FLOOD Explained- K-D Search
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1. Faces from 3D model are stored in bins in a k-d tree data structure

a. Each bin represents a 3D box

2. For each point from our Lidar scan traverse down to bin containing that point

3. Check the distance from point to each face contained in bin

4. Repeat step 3 for neighboring bins if the distance to the edge of that bin is less 

than the current minimum found distance

X

Y

Z

Bins



FLOOD Timing

● Almost always above 2 Hz 

minimum

● Add in maximum number of 

points so algorithm does 

not have to process 10’s of 

thousands of points
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Blender
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Distribution of LRF Mean
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Use of Kalman Filtering
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Means to use data from multiple sources in order to create a joint probability distribution that can then be 

used to more accurately predict the correct data parameters.

Our Date Sources:

- Laser Range Finder

- Optical Camera

- LiDar

Our goal using a Kalman filter: to optimize estimation of the state of the TARGET satellite in the Orientation 

Phase.



Position Error Propagation
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Behavior of STD of Sample Mean-Central Limit Thm
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OpC w/ Background subtraction
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