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0.1 – Revision Note 
The paper that follows is a snap shot of the KySat program at the time of its original May 2008 writing. 
Since that time the KySat consortium has become Kentucky Space; an organization which is an 
ambitious, non-profit enterprise focused on R&D, educational, small entrepreneurial and commercial 
space solutions. KySat-1 passed a pre flight Mission Readiness Review (MRR) in July of 2010 and was 
integrated to a Taurus XL launch vehicle with two other 1U CubeSats.  
 
The GLORY mission, with KySat-1, was launched from Vandenberg air force base on March 4

th
 2011. 

Unfortunately shortly after launch a launch vehicle anomaly prevented any of the satellites aboard from 
reaching orbit. Kentucky Space and its partner institution are still actively involved in the small satellite 
community and have flown or are manifested for four flights at the time of this update.     

1.0 – Document Purpose 
The purpose of this document is to provide an overview of the KySat-1 Orbital space craft, its purpose, 
concept of operations, and an overview of its development, testing, and flight verification schedule.  This 
document was created for NASA to provide an overview of the KySat1 CubeSat to potentially be selected 
as a secondary payload on a fourth quarter 2008 launch.  

2.0 – CubeSat Overview 
An evolution of microelectronics has facilitated a trend toward the use of small spacecraft as science 
platforms, with emphasis on reducing cost and development timescales and maximizing science return.  
CubeSats were developed as a means to standardize satellite buses, structures, and subsystems.  A 
CubeSat is a 10 cm cube with a mass of up to 1 kg. The unique cube shape allows satellite systems to be 
built up by attaching 2-6 cubes together or simply using a single cube. These CubeSats have allowed a 
number of different programs for satellite development and opened space exploration to university 
students. 

 

3.0 – Background 
The Kentucky Satellite (KySat) consortium is a collaborative effort of public and private partners 
throughout the state of Kentucky focused on small satellite development and access to space for small 
payloads.  The KySat consortium was formed under the leadership of the Kentucky Science and 
Technology Corporation (KSTC) a private nonprofit corporation committed to the advancement of 
science, technology and innovative economic development in Kentucky. Through the KSTC Advanced 
Concepts Office at Moffett Field, the KySat consortium has established close ties with several divisions at 
the NASA Ames Research Center.  The PIs and the KySat student interns spent several weeks in the 
summer of 2006 and the summer of 2007 working out of the KSTC offices Ames.  Since its inception in 
March 2006, KySat has moved from an initial concept to its first sub-orbital space mission, Space 
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Express, launched in December 2007.  In 2008 KySat will launch its first orbital satellite, KySat-1 based 
on a modular reusable bus.   
 
As the United States moves into the second 50 years of space flight, Kentucky is poised to launch its first 
satellite and to prepare the next generation of aerospace engineers and scientists.  The proposed 
research will firmly establish a competitive space program in Kentucky by providing the infrastructure and 
expertise needed to sustain a program that will be mutually beneficial to NASA and the state of Kentucky. 
 
KySat’s ultimate goal is to solicit public and private payloads for an on-going series of launches of near-
space, sub-orbital and orbital missions.  The Small Spacecraft Division (SSD) at NASA Ames has similar 
objectives and is facing many of the same technological challenges as the KySat consortium to achieve 
SSD’s ultimate goal of launching small spacecraft once a month.  In this proposal, we intend to establish 
more collaborative efforts with NASA to meet the needs of Kentucky and NASA in the coming decades.   
 
Toward this end KySat has developed capabilities to design, integrate, test, and operate small satellites.  
Toward this end, the KySat consortium has established facilities dedicated to picosat development and 
testing.  Additionally, the KySat consortium has established a high-bandwidth (S-band, Ku-band, and L-
band) 21 M Earth station, and two VHF/UHF Earth station systems, with a control center capable of 
automation of satellite mission support services.  KySat has developed testing and flight verification 
facilities specifically for the CubeSat standard including a clean room for space systems development, 
vibration, thermal, and vacuum testing facilities, and an anechoic chamber for testing communication 
systems.  The KySat team has experience in the design of four spacecraft and one team member has 
hardware currently on orbit. This document will describe the capabilities of the KySat consortium and in 
specific the KySat bus standard upon which KySat-1 Orbital is based. 
 
The KySat consortium has developed a bus standard, utilizing a combination of Commercial-Off-the-Shelf 
(COTS) CubeSat class technology that is rapidly establishing itself for access to space worldwide and 
proprietary technology for which the consortium is rapidly developing a flight heritage.  The use of the 
KySat bus based on components available for the PC-104 form factor mitigates risk while minimizing the 
development time and maximizing the performance of the bus.  Many of the KySat bus components have 
heritage in space operations.  Proven serial links between the proposed payload instruments and satellite 
bus allow for a reliable, low risk interfacing.  The low data rate required for scientific and telemetry data 
allow the use of reliable VHF/UHF Earth stations based on amateur radio technology, with an extensive 
heritage in supporting satellite missions. The design of the KySat solar arrays and communication 
antennas guarantees sufficient power for communication and operation of the ADCS systems in any 
attitude.  Additionally, the faculty advisors and students have extensive experience in developing, testing, 
and operating CubeSat class satellites, amateur band, and high-bandwidth Earth stations. This document 
will overview the issues specific involved with the development of the KySat-1 Orbital CubeSat missions. 

 

4.0 – Discussion and Relevance to NASA 
The evolution of microelectronics has facilitated a trend toward the use of small spacecraft as science 
platforms emphasizing reduced cost and development timescales while maximizing science return.  
CubeSats, 10cm x 10cm x 10cm with mass less than 1 Kg, were developed as a means to standardize 
pico-satellite buses, structures and subsystems.  The CubeSats unique shape also allows designers to 
easily construct larger systems:  if a single, or 1-U, cube is not adequate for the desired payload, 2-3 
cubes can be “stacked” to construct a larger satellite.  This system has opened space exploration to 
groups, such as universities, who would not otherwise be able to operate spacecraft.  The KySat 
consortium has designed, constructed, and begun to test KySat-1 orbital which is the prototype 1 cube 
bus.  Additionally, the KySat consortium has developed dedicated fabrication, testing and flight 
verification facilities for vibration, thermal, vacuum, and electromagnetic testing of CubeSat standard 
space systems. Mission operation and in particular the ground segment is a low-risk component of the 
KySat mission.  The KySat program has a well-established high-bandwidth 21 M Earth station and two 



Document: KySat-1 Mission Overview  
KySat-1 Orbital 

CubeSat Mission  

 
Classification: Public Date:  2012-04-24  Draft-B Page 5 of  25 

 

 
 

conventional Yagi-based VHF/UHF stations that have a long heritage of operation, are inexpensive to 
install and maintain, and can be operated by students, providing an excellent opportunity for university 
student engagement and training.   
 
KySat-1 is the first orbital satellite developed by the KySat consortium.  KySat-1 is scheduled to launch in 
2008 and is intended to be the first in a series of low earth orbit (LEO) CubeSat missions.  The CubeSat 
standard leverages the trend in miniaturization of electronics and provides a platform for students to train 
and gain experience in space systems, but also allows for significant science returns for very low cost.  
NASA is now launching CubeSats critical to its strategic mission and is currently working to provide 
launch opportunities to universities as secondary payloads.  The National Science Foundation recently 
established a CubeSat based space weather program that intends to launch 3-6 CubeSat satellites per 
year on NASA, DoD, and commercial orbital launch vehicles.  Since 2003, 17 CubeSats have flown [10-
15] and recently NASA had outstanding success with GeneSat [16], a 3U CubeSat flying a DNA 
replication experiment.  NASA plans a follow-on experiment, PharmaSat, to be launched in the summer of 
2008. 
 

Relevance to NASA 
A major goal of this project is the development of human infrastructure to support NASA’s space 
initiatives by investing in the “talent pool” and laboratory facilities used to train the graduates at KySat the 
partner institutions in Kentucky. Developing the capacity to design and fabricate spacecraft subsystems, 
along with the capacity to design and operate Earth station systems to support KySat and NASA 
missions, constitute a significant asset to the nation’s future space missions.  The goals of this project 
directly relate to NASA’ Science Mission Directorate’s (SMD) Strategic Plan Goal 3 which describes a 
“balanced overall program of science, exploration, and aeronautics.”  Small satellite missions provide an 
important element in the program balance, by providing inexpensive, rapid-turnaround science platforms 
and cost-effective opportunities to establish flight heritage for satellite subsystems of interest to NASA. 
The technology and capacity resulting from this project are directly aligned with the strategic goals of 
NASA and in particular of the Ames SSD.  As KySat is essentially a workforce development project, it 
closely aligns with the goals of NASA cross-agency support programs and is particularly relevant to 
Education Outcome ED-1:  to “Contribute to the development of the STEM workforce in disciplines 
needed to achieve NASA’s strategic goals through a portfolio of programs.” 

 
A strategic need of NASA identified by the NASA SSD is the development, testing, and characterization 
of satellite communication systems, including both spacecraft systems and Earth station instrumentation. 
As such, a major area of KySat NASA collaboration that has already begun is the development and 
evaluation of experimental S-band transceivers. Both NASA and the KySat team have experimented with 
S-band systems that utilize a variety of RF strategies such as frequency hopping, advanced DSP 
strategies and modulation schemes. One of the two payloads on KySat-1 is an experimental S-band 
Microhard transceiver system (MHX-2400) also flown on NASA’s GeneSat mission and scheduled to fly 
on PharmaSat.  While NASA and KySat have invested in infrastructure to support the development and 
operation of S-band communication systems, the transceiver currently used by both groups is 
inadequate.  A development program for an improved S-band transceiver for small satellite applications 
would therefore benefit both NASA and KySat. 
 
NASA Ames has expressed explicit interest in the development of an automated network of VHF/UHF 
Earth stations as we have proposed, and additionally has agreed to work with us to experiment in 
modifying these systems to work in the experimental band at 430 MHz.  More importantly in a strategic 
sense, however is the capability provided in this project for the KySat Consortium to provide mission 
support services for NASA PharmaSat and future small satellite S-band (and other) missions. 
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4.1 – Technical Approach 
Section 4.1.1 overviews the KySat-1 Satellite and the KySat bus.  The KySat bus was design from it 
inception to be reused to support a wide array of CubeSat class missions leveraging commercial-off-the-
shelf (COTS) components and technologies whenever possible.  Section 4.1.2 discusses the KySat 
subsystems and flight heritage of the subsystems. 
 

4.1.1 – Overview of KySat-1 and the KySat CubeSat Bus  
KySat-1 is a 1U (10cm) cube designed primarily as a test bed for the KySat standard bus with a concept 
of operations targeted primarily at outreach to K-12 students across Kentucky.  Figure 1 shows a block 
diagram of KySat-1.  A camera is the primary “payload” for KySat-1 with the bus being designed with 
reuse as a primary objective. 
 

 
 

Figure 1: KySat-1 Block Diagram 
 
The C&DH is provided by a COTS processing module based on the Texas Instruments FM430.  The 
C&DH subsystem uses the Salvo real-time operating system (RTOS).  Figure 2 shows a software flow 
diagram. The C&DH interfaces with the remainder of the bus that includes the System Support Module 
(SSM), The Communications Subsystem based on amateur band (UHF/VHF), electrical power system 
(EPS), solar cell arrays (SCA), and a payload interface module (PIM).  The SSM and PIM, along with the 
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solar cell arrays, antennas and deployment system were developed by the KySat student team while all 
the other bus components are commercial-off-the-shelf (COTS) subsystems.  

 
 The C&DH system along with the transceivers and on-board camera are modular COTS systems that 
either conform or were modified to conform to the CubeSat standard. The processing module, provided 
by Pumpkin Inc., consists of a Texas Instruments MSP430 microcontroller, mass data storage interface, 
and supporting interface circuitry.  The system support module is a custom module that provides 
additional necessary functionality to the spacecraft bus. The primary communication system is based on 
a commercially available transceiver developed by from the StenSat Group, transmits in the UHF band, 
436.795 MHz

1
, at one watt maximum output power and receives in the VHF band, 145.850 MHz

2
, with a 

sensitivity of -113 dBm. The electrical power system (Clyde Space) interfaces with the six solar arrays 
and an array of lithium polymer batteries.  The solar arrays use improved triple junction solar cells (ITJ) 
from SpectroLab and provide protection circuitry.  The payload interface module is a custom system that 
allows the bus to communicate with the camera and antenna deployment mechanisms.  The spacecraft 
structure, also developed by Pumpkin, consists of a sheet metal aluminum chassis that has been hard-
anodized and alodyned.  The entire spacecraft conforms to the Cal Poly CubeSat Design Specification 
(CDS).  Figure 3 shows a photograph of the KySat-1 engineering model (without the frame or solar 
panels) and Tables 1-3 itemize the bus components and their heritage. 
 
 

 
 

Figure 2: KySat-1 Software Flow Diagram 
 
 
 

                                                 
1
 International Amateur Radio Union (IARU) assigned downlink frequency – 2007-06-12  

2
 International Amateur Radio Union (IARU) assigned uplink frequency – 2007-06-12  
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4.1.2 – KySat Bus 
The satellite bus, as outlined in Table 1, consists of a command and data handling processing module, 
system support module (SSM), amateur band radio, electrical power system, solar arrays, and a payload 
interface module (PIM).  The SSM and PIM (along with other subsystems including solar cell boards, 
antennas and deployment systems, etc.) were developed exclusively by the student team.  The C&DH 
system along with the transceivers and on-board camera are modular COTS systems that conform to the 
cubesat standard. The processing module consists of a Texas Instruments MSP430 microcontroller, 
mass data storage interface as well as the supporting interface circuitry.  It is provided by Pumpkin Inc.  
The system support module is a custom module that provides additional necessary functionality to the 
space craft bus.  The primary communication system is based on a commercially available transceiver 
purchased from the StenSat Group.  It transmits in the UHF, 436.795 MHz

3
, at one watt equivalent 

isotropically radiated power (ERIP) and receives in the VHF band, 145.850 MHz
4
, with a sensitivity of 113 

dBm.  A link budget for the radio is provided in Table 2.  The electrical power system, purchased from 
Clyde Space out of Scotland, interfaces with the solar arrays as well as four lithium polymer batteries.  
The solar arrays are made with custom printed circuit boards that combine improved triple junction solar 
cells (TASC) from SpectroLab with the protection circuitry necessary for reliable operation.  A power 
budget for the bus is provided in Table 3.  The payload interface module is a custom system that allows 
the bus to communicate and interface with the payloads onboard the spacecraft.  The space craft 
structure consists of a chassis constructed from sheet aluminum that has been hard-anodized and 
alodyned with stainless steel fasteners also provided by Pumpkin Inc.  The entire space craft conforms to 
the CubeSat Design Specification (CDS)

5
.  CAD drawings of the satellite are provided in Figure 4 and 

dimensions in Figure 5.  
 

 
 

                                                 
3
 International Amateur Radio Union (IARU) assigned downlink frequency – 2007-06-12  

4
 International Amateur Radio Union (IARU) assigned uplink frequency – 2007-06-12  

5
 CalPoly CubeSat Design Specification – Revision 10 2006-08-02 

Figure 3: KySat-1 Configuration 
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Figure 4: CAD Model of the KySat Cubesat 



 

 

 
Figure 5:  Dimensional Sketch of KySat-1 Orbital 

 
 
 
 
 

 
 



 

 

Table 1:  KySat-1 Bus Heritage 

 
 
 
 
 

 C&DH EPS Battery Solar Cells Radio SSM 

KySat-1  
Spacecraft 

Subsystems 
 

   
 

 

Description 

 
Texas Instruments 

MSP430 
Processor, SD 
Card Interface, 

RBF and 
Separation 
Switches  

SEPIC power 
stage boost 

converter with 
active power point 
tracking, Battery 

under/over voltage 
protection, Current 
regulated 3/5/Vbatt 

bus voltages 

4 VARTA PoLiFlex 
Lithium Polymer 

Cells, 2.5Ah, 7.4V 
nominal, analog 

telemetry interface 

86 Triangular 
Advanced Solar 
Cells (TASC), 

Improved Triple 
Junction (ITJ), 
26.8% min avg. 
efficiency BOL, 

2.277 cm
2 
 

VHF/UHF Radio 
Full-duplex,  1W 
Output, 113 dBm 
sensitivity, Narrow 

Band FM 
Modulation, AFSK 

AX.25 

Battery backed-up 
Real Time Clock, 
512K EEPROM, 

Watch Dog Timer, 
DTMF Decoding, 

Texas Instruments 
MSP430  

Heritage 
Libertad-1,  

Delfi-C3 
N/A N/A Many ob-orbit 

Libertat-1, 
Genesat-1 

N/A 

COTS/Custom COTS COTS COTS COTS COTS Custom 

Manufacturer Pumpkin Inc. Clyde Space Ltd. Clyde Space Ltd. Spectrolab StenSat Group KySat Consortium 

Power 
Requirements 

80mW 100mW N/A N/A 
Tx - 4.5W 

Rx - 75mW 
20mW 

Mass 74g 96g  109g  245g  71g 25g 

TRL TRL5 TRL5 TRL5 TRL6 TRL6 TRL4 



 

 

Table 2:  KySat-1 Bus Heritage 

 
 

 PIM S/C Structure Antennas Stabilization 
Launch 
Vehicle 

Interface 

Complete 
KySat-1 

KySat-1  
Spacecraft 

Subsystems 

 

 
 

 

  

Description 

High current 
antenna 

deployment 
control, high 

current camera 
heater control, 

camera power and 
communication 

interface 

Hard anodized 
alodyned 

aluminum chassis, 
stainless steel 

external fasteners, 
separation spring 
and switch, solar 
panel mounting 

clips 

VHF, UHF, S-
band gold 
plated spring 
steel, Ultem-
1000 mounting 
hardware, 
deployed by a 
nichrome wire 
cutter 

Passive 
magnetic 
stabilization 
using Alnico 5 
and hysteretic 
nutation 
damping using 
mushield high 
permeability foil 

Poly 
Picosatellite 
Orbital 
Deployer 
(P-POD) 

KySat-1 

Heritage N/A 
Libertad-1,  
Delfi-C3 

N/A 
Many (e.g., 
Genesat-1) 

8 P-PODs 
successfully 
launched 

N/A 

COTS/Custom Custom COTS Custom COTS COTS Custom 

Manufacturer 
KySat 
Consortium 

Pumpkin Inc. 
KySat 
Consortium 

Various 
Suppliers 

California 
Polytechnic 
University 

KySat 
Consortium 

Power 
Requirements 

20mW N/A N/A N/A N/A ~1W Average 

Mass 30g 184g 30g 10g N/A 1Kg 

TRL TRL4 TRL5 TRL4 TRL5 TRL7 N/A 

http://www.engr.uky.edu/idea/wiki/lib/exe/detail.php?id=projects:active:kysat:workspace:orbital1design&cache=cache&media=projects:active:kysat:workspace:uhf_ant_mount_assy.jpg
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Table 3:  KySat-1 Payload 

 
 

4.1.2.1 – Communications 
The KySat bus offers two alternative communications options for CubeSat designs.  VHF/UHF 
HAM radio communications options are popular for CubeSats designed for educational use.  The 
KySat consortium already operates two UHF/VHF satellite ground stations in eastern and central 
Kentucky and is installing a third facility on the western tip of the state.  These networked ground 
stations can interoperate with similar stations operated by Universities and HAM enthusiasts 
around the world.  However, HAM amateur radio licensing requirements prohibit the use of HAM 
bands for commercial use and all operators of HAM equipment must be licensed and can not 
receive compensation for the operation of the equipment.  In addition it is unlawful for any 
information transmitted on HAM bands to be encrypted.  For this reason, NASA and other 
commercial CubeSat developers are experimenting with commercial bands. 
 
The KySat consortium operates a 21-meter dish to support S-band satellite operation.  In addition 
to allowing encryption and commercial operation, the S-Band link provides considerably high data 
bandwidth.  KySat-1 uses the Microhard MHX 2400 S-band transceiver that has flight heritage on 
the MAST CubeSat and NASA’s GeneSat-1 and PharmaSat CubeSats.  In addition, in 
collaboration with the Small Spacecraft Division at NASA Ames Research Center, the KySat dish 
will serve as a ground station for the upcoming NASA PharmaSat CubeSat launch.  For lower 
inclination orbits (e.g., equatorial)  KySat has strategic partnerships that can support both S-Band 
and UHF/VHF operations on the equator.  Tables 4-6 overview the KySat bus communications 
capabilities and link budgets.   

 Secondary Communication  Imager 

KySat-1  
Instrument 

Subsystems 

       

                   
 

Description 

ISM S-band frequency hopping 
2.4000 to 2.4835 GHz, 49 user 

selectable hopping patterns, -108 
dBm sensitivity, 32-bit CRC, user 

selectable power output max 1W , AT 
command interface 

VGA camera module that performs 
JPEG compression, 4 user selectable 

resolutions 640x480 to 80x64, 36º 
FOV glass lens, serial interface, 

temperature sensing, on board heater 

COTS/Custom COTS Custom 

Manufacturer Microhard Systems Inc. KySat Consortium 

Power 
Requirements 

Tx - 2.75W 
Rx -1.05W  

198mW 

Mass 75g 15g 

TRL TRL4 TRL5 

http://www.engr.uky.edu/idea/wiki/lib/exe/fetch.php?cache=cache&media=projects:active:kysat:workspace:c328_pins.jpg
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Table 4:  Downlink Information 

Description VHF/UHF S-Band 

Data volume (Mbytes/day) 0.25MBytes/month  7 
KByte/day 

2 MBytes/month  56 
KByte/day 

Bit error rate 1x10
-5

 1x10
-6

 

Onboard storage (Gbytes) 1 GByte (expandable) 1 GByte (expandable) 

Transmit frequency 440 MHz band 2450 MHz 

Power available for 
communications 

1W 1W 

Downlink data rate  1.2 kbps 9.6 kbps 

Effective isotropic radiated power -3.00 dBW -6.02 dBW 

Transmitting antenna type and gain Monopole -3 dB Monopole -6 dB 

Modulation and coding  AFSK BPSK 

Number of data dumps per day 2 2 

Spacecraft data destination (e.g., 
mission operations center) 

KySat Mission Ops Center 
(Space Science Center 

MSU, KY) 

KySat Mission Ops 
Center 

(Space Science Center 
MSU, KY) 

Science data destination (e.g., 
science operations center)  

Science Operations Center 
(KySat Online) 

Science Operations 
Center (KySat Online) 

 
Table 5:  Uplink Information 

Description VHF/UHF S-Band 

Number of uplinks per day Approximately 2 per day Approximately 2 per day 

Number of bytes per uplink 1 KBytes 8 KBytes 

Bit error rate 1x10
-5 

1x10
-6

 

Receive frequency 144 MHz band 2450 MHz 

Uplink data rate  1.2 kbps 9.6 kbps 

Receiving antenna type and gain 
(dBi),  

Yagi-Uda Arrays 16 dB 21 M Parabolic Dish 

Modulation and coding  AFSK BPSK 

Approach and schedule for 
obtaining license(s)  

IARU for HAM Band FCC for S-Band licenses 

 
Table 6:  Link Budgets 

Description VHF (2m) Uplink UHF (70cm) 
Downlink 

S-Band 

Input Power of Transmitter - 1 Watt 1 Watt 

Power Received by the 
Ground Station Antenna 

- 2.97E-15 Watt 1.26E-12W 
 

Power Transmitted by the 
Ground Station Antenna 

100 Watt - 

 
158489.31 

Watt 

Noise Power -130.9 dBm -130.9 dBm -111 dBm 

Gain of the Transmitting 
Antenna 

16 db -3 db 52 db 

Frequency 145.850 MHz 436.795 MHz 2.45 GHz 

SNR 44.79 22.64 dB 18.2 

Margin (dB) 31.79 dB 9.64 dB 8.82 dB 
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4.1.2.2 – Mass and Power Budgets 
KySat-1 Orbital (1U) bus mass and power budgets are shown in Tables 7 and 8 respectively.  
(Note:  power generation numbers are for a “tumbling” spacecraft with no particular sun pointing 
angle and “Battery Depth of Discharge” estimates assume positive net power requirements.) 

Table 7: KySat Bus Mass 

Description  1U Bus 
Frame 183 

C&DH 75 

S-Band Radio 75 

Beacon 30 

EPS 79 

Battery Board 63 

ADCS ~130
 

Solar Cell Arrays 192.7 

Antennas 10 

Mounts, Wiring, etc. 20 

Total 857.7 grams 

Net Available 142.3 grams 

 
 

Table 8:  Power Budget 
Description 1U Bus 
Number of Cells 11 

Power Generated in Sun  1.63 W 

Average Power Generated  1.06 W 

Average Bus Consumption 0.788 W 

Net Power Available 0.268 W 

Battery Capacity 9.5 Wh 

Maximum Time in Eclipse  32 min 

Max Battery Depth of 
Discharge @ Zero Net 
Power 

5.9 % 

 

4.1.2.3 – Attitude Determination and Control 
Attitude determination and control design for CubeSat sized spacecraft poses many challenges.   
Typical solutions for larger spacecraft are often consuming too much volume, mass or both and 
can be cost prohibitive.  Passive magnetic stabilization is popular for CubeSats because of the 
simplicity and reliability of such systems which minimizes cost and risk. Passive magnetic 
stabilization uses permanent magnets with the spin axis of the satellite always aligned with the 
magnetic field lines or the earth so that a satellite in a polar orbit executes a 360 rotation about 
the z-axis each orbit, while a satellite in equatorial orbit would maintain a constant N/S attitude.  
Passive magnetic stabilization is utilized for this mission.  The passive stabilization systems is 
based on permanent magnets and hysteresis material embedded within the spacecraft bus.  This 
stabilization system will adequately stabilize the spacecraft against nutation and precession 
induced by torques applied upon exiting the PPOD.  Example worst case torques induced by 
other factors are listed in Table 9. 
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Table 9:  Example Worst Case Torques (600km) 
 

Torque (N*m) 1-U 
Aerodynamic 3.3813E-09 

Gravity Gradient 7.1034E-08 

Solar Pressure 3.7724E-09 

Residual Magnetic 
Moment 4.7285E-07 

Total 5.5104E-07 

 

4.1.2.4 – KySat1 Payload 
 
The satellite payload consists of two separate components each with a unique objective.  The first 
is a camera which will help facilitate our objective of a scientific outreach program intended for 
Kentucky K-12 schools but with access provided to all.  Regardless of location and economic or 
social background, K-12 students may command the satellite, upload images and audio files, or 
simply receive telemetry for later analysis.  HAM radio licenses are needed to transmit or 
command the satellite, but the state-wide network of amateur radio enthusiasts has expressed 
extreme interest in participating with schools where needed; that is, licensed HAM radio operators 
are needed only to transmit or command the satellite; otherwise the students may track the 
satellite and pull down data and telemetry with inexpensive VHF/UHF Earth stations (hand-held 
and larger, automated systems) designed by the student team.  Even if a particular school 
chooses to only listen to KySat1, analyzing the telemetry provided encourages students in the 
areas of science, technology, engineering and math. A related curriculum design project will link 
the KySat project to the K-12 science content taught in Kentucky schools. There will be a website 
containing all compiled data from the satellite including any pictures taken. 
 
The second payload component is an experiment in high bandwidth communications in the 
license-free ISM band.  The objectives include characterization of maximum available bandwidth 
against elevation angle and characterization of the tracking and communication capability of a 21-
meter parabolic antenna located in Morehead, KY for use in satellite applications.  The radio is a 
frequency hopping spread spectrum transceiver transmitting at a maximum of one watt ERIP that 
was designed for terrestrial applications.  However, due to the high data rates and availability of 
the radio it would be an ideal choice for any rapid turn around small satellite application.  This 
experiment will enable the KySat program to offer high-bandwidth communication for proprietary 
commercial payloads for KySat satellites as well as third party satellites and allow other small 
satellite developers to confidently use this readily available high speed radio. 
 
The NASA Small Satellite Office at NASA Ames has expressed an interest in establishing a flight 
heritage for high-bandwidth transceivers and associated communication systems and processes, 
such as those utilized in KySat1
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4.2 – Relevant Capabilities and Experience 
The Kentucky Satellite (KySat) consortium is a collaborative effort of public and private partners 
throughout the state of Kentucky focused on small satellite development and access to space for small 
payloads.  The KySat consortium was formed under the leadership of the Kentucky Science and 
Technology Corporation (KSTC) a private nonprofit corporation committed to the advancement of 
science, technology and innovative economic development in Kentucky. Through the KSTC Advanced 
Concepts Office at Moffett Field, the KySat consortium has established close ties with several divisions at 
the NASA Ames Research Center.  The PIs and the KySat student interns spent several weeks in the 
summer of 2006 and the summer of 2007 working out of the KSTC offices Ames.  Since its inception in 
March 2006, KySat has moved from an initial concept to its first sub-orbital space mission, Space 
Express, launched in December 2007.  In 2008 KySat will launch its first orbital satellite, KySat-1 based 
on a modular reusable bus.   
 
The team of investigators spans the KySat consortium and represents interdisciplinary faculty from 
multiple universities, industry leaders with experience in systems engineering and technical project 
management, the foremost expert in CubeSats and small satellites, and the entrepreneurial vision of 
KSTC.  With the proposed enhancements in place, Kentucky will possess the physical infrastructure 
necessary to develop and test satellites, synergy of talents among the investigators in preparation to 
manage large scale systems engineering projects, and aerospace workforce development of Kentucky 
students.  
 
4.2.1. Existing Research 
The PIs have a proven track record in space systems development, post-secondary education via 
aerospace systems projects, and K-12 outreach and engagement; this section briefly overviews some of 
the past research. 
 
4.2.1.1 High Altitude Balloon Program 
The PIs established a highly successful near-space program called BIG BLUE (Baseline Inflatable-Wing 
Glider Balloon Launched Unmanned Experiment) as part of the NASA workforce development program. 
From 2002-2007, BIG BLUE provided a comprehensive aerospace experience for over 300 students in 
ME, ECE and CS designing, developing, and testing high-altitude balloon systems to verify the feasibility 
of inflatable-wing technology for Mars exploration. To date, the four high-altitude flight experiments and 
hundreds of low altitude flight tests resulted in > 15% of the participating students entering the aerospace 
workforce [1-8]. The technological base developed during BIG BLUE paved the way for the sub-orbital 
and orbital KySat missions, and offers a well developed high-altitude testing capability for these efforts. 
 
4.2.1.2 KySat Space Express Sub-Orbital 
KySat Space Express was a rapid turn around, sub-orbital “access to space” experiment launched in 
December 2007.  The Space Express mission was designed to test subsystems and processes being 
developed for KySat orbital missions [9]. The payload launched from the White Sands Missile Range on a 
Lunar Rocket and Rover Shadow 1B launch system (Figure 2) and consisted of a telemetry package 
reporting temperature, pressure, acceleration and mission timers.  Telemetry was received by three 
redundant VHF ground stations.  Although the launch system suffered a failure during the boost phase, 
the payload functioned as designed and Space Express provided invaluable experience for students 
involved in design, integration, and ground station design and operation. 
  

4.2.1.3 Polarization Observer Satellite (PolOSat) SMEX Proposal 
PolOSat is a small satellite that depends on a modular bus architecture, a unique mechanical design that 
could benefit from structural electronics, and a novel antenna and communications subsystem.  PolOSat 
was recently proposed as a mission of opportunity to the 2008 NASA Small Explorer (SMEX) Program by 
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the PIs in collaboration with UC Berkeley, Lawrence Livermore National Laboratory, Rochester Institute of 
Technology, and the University of Rochester.  

 
PolOSat is a microsat designed to measure Gamma Ray Bursts (GRBs) as supermassive stars undergo 
collapse into black holes and, as a secondary mission, to monitor hard X-ray pulsars.  While the 
spacecraft designed to support the instrument is custom, the proposed bus leverages CubeSat pico-
satellites by combining bus modules into the overall design.  The PolOSat bus utilizes the CubeSat 
PC104 form factor in 10 x 10 x 5 cm “half” cube bays in each of the six facets of the satellite.   
 
4.2.1.4 Experimental Earth Station for Small Satellites 
The KySat team has developed a full motion 21-meter class antenna system (21 M) at Morehead State 
University (MSU) that serves as a ground station capable of tracking LEO satellites, a test bed for 
advanced RF systems, and an active radio astronomy research facility. The instrument, which became 
operational in 2006, provides a unique educational laboratory for science and engineering students with 
hands-on experiences with the intricacies of satellite telecommunications and radio astronomy. The 21 M 
will serve as the primary Earth station for the KySat orbital missions, as an Education and Public 
Outreach (E/PO) Earth station for NASA’s PharmaSat mission, and as an important Earth station for 
future NASA missions (Figure 6). 
 
 

 
 

Figure 6.  KySat-MSU 21 M Earth Station 
 
 
 
 
The 21 M Earth Station will serve as a test-bed for experimental satellite communications systems (S-
band and others) and provide mission operations support for both KySat and NASA missions.  The 
CubeSat S-band transceiver systems to be flown by NASA and KySat is the first example of this 
collaboration and the first example of the utilization of the 21 M as an experimental test bed.  Scheduling 
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and commanding of the satellites will be carried out by ground station personnel composed primarily of 
students.  Performance characteristics of the KySat 21 M Earth Station are provided in Table 10. 
 
 
 
 

Table 10: Performance Characteristics of the KySat 21 M Earth Station 

 
 
 

4.2.2. Facilities 
In addition to drawing on the existing research expertise and infrastructure at the member universities, 
KySat has established several facilities and capabilities for the design, development, test, and operation 
of small satellites. 

 
Vibration Testing:  The University of Kentucky operates an MB Dynamics C-10E Shaker capable of 950 
pounds maximum random RMS output, 1200 pounds peak sine output, 1 inch maximum stroke and 5-
3000 Hz frequency range. The system is capable of the overall 10 Grms required for NASA GEVS 
acceptance testing and 14 Grms needed for qualification testing for small spacecraft. 
 
Thermal Vacuum Testing:  UK is in the process of enhancing a 3.3 ft

3
 vacuum chamber for thermal test 

capabilities. The chamber length at 18 inches will easily accommodate the testing of satellite subsystems 
as well as entire satellites up to a 3U CubeSat configuration. The vacuum chamber is capable of testing 
in the 10

-5
 torr range. A thermal shroud heated with electric patch heaters and cooled by a liquid nitrogen 

system will allow for bakeout outgassing procedures as well as thermal cycle testing. The chamber will 
facilitate component testing and also full up operational environmental testing of small satellites. The 
nominal temperature range of the system will be -20 to +70ºC. 
 
Clean Room: A state of the art Clean Air Products clean room (Model #: CAP577-6549C-1) is currently 
being re-located at the University of Kentucky specifically for use as a spacecraft testing and assembly 
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facility. The 8 x 16 ft clean room (including gowning area) will have 14 ceiling mounted filter fan units to 
create a Class 100 clean workspace environment. The facility will allow for clean assembly and bench 
testing of spacecraft flight models. 
 
Antenna/Communications Testing:  A 44 ft. anechoic chamber is being developed at the Morehead 
State University Space Science Center as an experimental laboratory that simulates the electromagnetic 
environment of space to allow testing and measurement of antennas and antenna components.  The 
anechoic chamber will allow empirical measurements of antenna parameters such as radiation patterns, 
gain, system temperature profiles, cross-polarization isolation contours, effective isotropically radiated 
power (EIRP) stability, VSWR (return loss), cross-polarization rejection, among others.  The anechoic 
chamber is shown in Figures 7 and 8. 
 
 

                
   
    Figure 7: COMSAT Anechoic Chamber       Figure 8: Anechoic Chamber under reconstruction at 
MSU 

 

4.2.3. Education and Public Outreach 
CubeSats provide a unique educational opportunity for students (undergraduate and graduate) to be 
directly involved in all phases of space missions including spacecraft design, development, launch 
support, operations and data analysis. The KySat project adheres to this philosophy having a strong 
“core” education and public outreach (E/PO) component, including student investigators, student mission 
operators, and student engineers. The KySat students will direct and complete the design, fabrication, 
testing, and operation of many of the spacecraft subsystems, and will also develop, test and manage the 
dedicated Earth stations, assist with commanding the spacecraft and will perform other additional and 
significant mission support activities.  
 
The KySat team currently numbers about twenty Kentucky students from University of Kentucky (UK), 
University of Louisville (U of L), Murray State University, Morehead State University, Western Kentucky 
University as well as several students from the Kentucky Community Technical College System (KCTCS). 
UK students specialize in embedded systems design and printed circuit board (PCB) production; U of L 
specializes in mechanical engineering and structures fabrication; Morehead State University students 
specialize in spacecraft telecommunications electronics and mission control and support, including Earth 
station development and operation utilizing numerous ground stations including an on-site 21 meter dish 
antenna; Murray and KCTCS students contribute supporting mechanical engineering, specification, space 
environment, engineering graphics and PCB design roles.  In addition to the KySat design team (that has 
direct support from the project), a number of students at each institution are involved in aspects of R&D 
on the project through senior design courses, directed research, and independent study courses.  All of 
these KySat partners will be contributing their students’ expertise to the JHU/SAPL-KySat project as part 
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of the core spacecraft design, fabrication, testing, and operational elements. The KySat model has been 
extremely effective in developing students for the future space workforce. 
 
The larger KySat enterprise includes a significant E/PO component. The KySat-1 Orbital ConOps is a 
good model for the E/PO component of this project.  The KySat-1 ConOPs includes the establishment of 
VHF/UHF Earth stations at high schools in Kentucky, and training for Middle School and Elementary 
teachers in amateur radio technology required to “work” satellites.  Associated curricula are being 
developed in space systems at the college level (simultaneously delivered to the 6 participating 
universities), and pre-college (high school and middle) that will likely be delivered through the Kentucky 
Virtual High School system.   
 
The KySat concept of operations (ConOps) will incorporate two distinct modes of operation designed to 
support the E/PO component:  mode 1 is an analog mode designed for operation by pre-college teachers 
and students, and basic operators; mode 2 is an advanced digital mode designed for operation by 
advanced users and Ham radio operators.  
 
Operational Mode 1 (What Middle School Students will be able to do with the satellite) 
Operational mode 1 (appropriate for middle school teachers and students) will allow the user to record 
and uplink audio files and ping them off the satellite for users at other locations to download.  Users can 
also contact the satellite to pull down data and telemetry (including the satellite’s orbital parameters, 
speed, height, and instrument status.  Using the KySat website, the user can also command the satellite 
to take a picture of the Earth and to download packets of information when flying over their school.  The 
students can send data, audio, and images to other locations using the satellite as a telecommunications 
node in space.  In advanced Mode 1b, the students will be required to send DTMF commands to the 
satellite to transmit images, voice, and data back to the student.  Commands and processes available to 
the students in Mode 1 include: uplinking user-recorded audio files (MP3s), school information, and 
photos (via the web interface), targeting the location of a desired remote photograph, interacting with the 
KySat server to query possible pass times over their schools, orbital information, time and coordinates 
entering horizon, peak elevation in degrees, horizon exit point (azimuth), and time exiting horizon, clock 
synchronization, and using the VHF/UHF stations to downlink data, telemetry, MP3s and photographs.  
Contacting the satellite and using in Operating Mode 1 will occur at the end of a curriculum unit 
developed by the teacher participants in conjunction with Space Science Center faculty.  An on-orbit 
users’ manual will also be mutually developed by teacher participants and SSC faculty. The students can 
use the same instrumentation to work other satellites including the International Space Station (ISS) and 
the AO series of satellites. 
 
Operational Mode 2 (What High School Students will be able to do with the satellite) 
Operational mode 2 (appropriate for high school teachers and students) will allow the user to accomplish 
all actions indicated in Mode 1 and in addition allow users to upload and download digital packets (using 
AX.25 protocol), to command the satellite to 
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Figure 9: KySat Mode 1 Operation targeted for Middle School Teachers and Students 
 
transmit digital and analog data packets, to download high-bandwidth datafiles to the 21 M MSU ground 
station, and to post data to the website archive.  Mode 2 Operation will require some familiarity with 
satellite telecommunications instrumentation and processes, and minimal computer programming skills.  
Additional functionality can be programmed into the satellite by advanced users.  Use of the system by 
high school students will undoubtedly vary significantly—from relatively simple mode 1 style applications 
to functionality programming by advanced students.  Additionally, the KySat program intends to add high 
school students to the satellite design team for future iterations of the satellite.  These experiences will no 
doubt excite high school students about the prospect of careers in engineering and space science. 
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Figure 10: KySat Mode 2 Operation targeted for High School Teachers and Students 
KySat-1Ground Stations 
KySat is designed to communicate with simple Yagi-type educational/amateur radio ground 
communications systems around the world.   Primary control of the satellite is provided by operators at 
the ground station utilizing the 21 Meter parabolic dish located at the Space Science Center at Morehead 
State University.  Secondary ground stations will be located at participating universities as well as several 
middle and high schools participating in this project (a schematic of the communication system 
architecture is provided in Figure 11 and examples of the instrumentation to be installed in the schools 
are shown in Figures 12 and 13).   The goal is to establish VHF/UHF ground stations at several high 
schools in Eastern Kentucky and several at informal education centers like the East Kentucky Science 
Center.  To passively track satellites and pull down data and telemetry does not require an FCC Ham 
radio license.  To broadcast and uplink communication packets, voice, and other data will require an 
Amateur Radio Relay League license (ARRL).   

 

Figure 11:  Schematic Diagram for the KySat Ground Segment Architectural Structure

Figure 12:   VHF/UHF Antenna System for 
Satellite     
 
 
 

Figure 13:  Portable, hand-held VHF/UHF 
Satellite Tracking Antennas for Middle 
School Teachers and Students. 
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4.3 – Development and Testing Schedule 
 

The following schedule demonstrates that KySat-1 Orbital will be ready to meet L-2 month 
integration date. 
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Contact Information 
For more information regarding this proposal contact: 
 
Advisors: 
Prof. James E. Lumpp, Jr.    Prof. Ben Malphrus  
Director, Space Systems Laboratory   Director, Space Science Center 
Department of Electrical and Computer Engineering Morehead State University 
University of Kentucky     Morehead, KY 40351 
Lexington, KY 40506-0046    Phone: 606-783-2212 
Phone: 859-257-3895     Fax:  606-783-5040 
Fax: 859-257-3092     Email: b.malphrus@moreheadstate.edu 
Email: jel@uky.edu 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 


