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ABSTRACT  

  

The University of Kansas has established a student-led satellite program called KUbeSat under 

NASA’s CubeSat Launch Initiative (CSLI). The first mission, KUbeSat1, is currently planned to 

be launched in the Summer of 2022 and is intended to operate in a sun-synchronous orbit at 565 

km with an inclination of 85 - 95°. The ground station is built on the university campus and 

operates in the 435 – 438 MHz amateur band. The primary line consists of amateur radio, 

modem, and Raspberry Pi, while the second line is based on a Software Defined Radio (SDR). 

The mission concept and overview of the ground station were explained in a previous paper 

titled, ‘Amateur Ground Station for CubeSatellite Program’. This paper presents the results of 

tests performed with ground station components and satellite hardware which includes a detailed 

timeline of packet operations. 

  

INTRODUCTION  

  

In the fall of 2018, students at the University of Kansas began working to build and launch a small 

satellite through a program known as KUbeSat. The first satellite to be launched through this 

program is called KUbeSat1 which is set to launch in Summer 2022 through the NASA CubeSat 

Launch Initiative (CSLI). The goal of NASA’s CSLI program is to have every state in the United 

States launch a small satellite through its program. NASA manages this by selecting missions from 

academic institutions and provides a launch opportunity if the applicant can provide a built and 

tested satellite to be launched. To support KUbeSat1 and future missions, the program chose to 

design and build a ground station (GS) called Hawksnest. The design and architecture of the ground 

station are based on the goals of the KUbeSat1 mission and its payloads, as well as providing 

infrastructure for communications with satellites for several missions after. The KUbeSat 

program's primary goals are to successfully build and launch a small spacecraft into an orbit that 

can perform payload research, and to build a functioning ground station to design requirements 

that can provide communications with the KUbeSat1 satellite.  
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In a previous paper titled, ‘Amateur Ground Station for CubeSatellite Program’ [1], KUbeSat 

outlined the design of the ground station as well as the cost and requirements. The designs of other 

universities' ground stations built to assist in their CSLI projects are also taken into consideration 

for the design, as they have proven to be successful in communication with a satellite [2], [3]. This 

paper will focus more on the results of the tests that have been run on GS during development 

including an overview of the satellite operation and communication packeting timeline during 

down/uplinks. This also includes the results of beaconing, SDR, and Roof-to-Roof tests of the 

satellite hardware and GS. Moreover, this paper sets the stage for future work based on the 

expansion of Hawksnest and the analysis of the data received once KUbeSat1 begins its mission. 

 

 

GROUND STATION TESTING 

  
Before fully installing the Hawksnest GS, it had to undergo a series of tests to ensure that it is 

capable of meeting the demand of not just KUbeSat1, but any future satellite launched by the 

KUbeSat program. This included testing the circularly polarized Yagi antenna in an anechoic 

chamber to characterize its radiation pattern and prove that it matched the data sheet values. The 

antenna was first set up to perform a return loss test to ensure that during operation the expected 

frequency bands would be less than -10dB. Interestingly, the frequency range that sat below the -

10dB threshold was far wider than what was listed in the data sheet, though the deepest trough was 

right in line with the expected operation frequency.  

 

After this was confirmed, the test setup was changed to perform a radiation pattern test to identify 

the directionality of the antenna and its lobes. The measured beamwidth is 39°, while the datasheet 

reports a beamwidth of 42°. The reduced beamwidth reduces the antenna’s field of view. However, 

based on the margins from the link budget, this reduction is not detrimental to the overall 

performance of the system.  Both sets of results can be seen in Figure 1 below.  

 

 

Before Spring 2022, an Icom IC-9700 transceiver was used for Hawksnest ground station testing. 

This transceiver was initially expected to remain as the operational transceiver for the KUbeSat1 

mission. However, during short-range communication tests between the IC-9700 and the satellite’s 

Figure 1: GS Antenna Test Results 
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transceiver, it was discovered that the baud rate range supported by the IC-9700 was incompatible 

with the baud rate that the satellite’s transceiver was set to operate at. While the IC-9700 remained 

useful for ground station testing with baud rates at or below 4800 bps, a new ground station 

transceiver needed to be sourced for communications at 9600 bps. To replace the IC-9700, an Icom 

IC-7100 was purchased. When configured for communications with KUbeSat1, the IC-7100 

supports a transmit frequency range of 430-450 MHz and a receive frequency range of 400-470 

MHz. Additionally, the IC-7100 offers single-sideband, AM, FM, and digital voice transmitter 

modulation. The IC-7100 operates with a transmitter output power of 1-35 W at 430/440 MHz and 

is capable of being remotely operated using Icom’s RSBA-1 Remote Control Software [4].  

 

To verify the compatibility of the IC-7100 with the ground station, a series of short-range 

communication tests between the IC-7100 and KUbeSat1’s transceiver needed to be conducted. 

These tests had the additional opportunity to assess the performance of the ground station’s 

software-defined radio module, which acts as a second line of communication with KUbeSat1 in 

the event of a partial or complete failure of the primary communication line. To conduct these 

tests, the IC-7100 was installed in the ground station and configured to receive transmissions from 

the satellite. Adjacent to the IC-7100, an ADALM-PLUTO SDR module was connected to a lab 

computer and a monopole antenna. Approximately three meters from the ground station transceiver 

and SDR assembly, KubeSat1’s transceiver module was connected to another lab computer and a 

monopole antenna. Using a configurator application on the lab computer, the satellite’s transceiver 

was set to transmit the message, “Hello World!”, every five seconds. This message was then 

received by both the IC-7100 and the ground station SDR. The IC-7100 confirmed that it was 

receiving transmissions by displaying signal activity on its digital display. The SDR, upon 

receiving transmissions from the satellite transceiver, utilized the GNU radio application on the 

attached lab computer to decode satellite transmissions and display their messages sequentially on 

the computer’s monitor. These tests confirmed that the IC-7100 was compatible with the ground 

station and could receive messages from KubeSat1’s transceiver. The tests also demonstrated that 

the ground station’s SDR module could act as an independent, second line of communication with 

KubeSat1. 

 

GNU radio was utilized in the development of a backup ground station. The process for receiving 

an AX.25 packet involves demodulation, followed by non-return-to-zero inverted (NRZI) 

decoding, undoing the scrambling polynomial, grouping into packets, and checking the CRC code. 

To accomplish this several premade modules were utilized including gr-OsmoSDR and gr-

Satellites.  In addition to the standard process, embedded python blocks were utilized to add 

processing features like checking for correct callsigns, logging the packets to an appropriate 

database, and extracting the data fields. An example block diagram is shown in Figure 2 below. 

The process was designed around and tested with the PlutoSDR but can be easily adapted to other 

SDRs by changing the source block 
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Figure 2: GNU Radio Block Set 

The ground station is located in and on Eaton Hall at the University of Kansas campus. On the 

roof of Eaton Hall, a nonpenetrating base was placed in the middle of four guy anchors. Twelve 

cement blocks were used to weigh the structure down while the mast was placed in the center of 

the nonpenetrating base and bolted together. At the base of the structure, a cable that grounds the 

systems to Eaton Hall’s lightning protection system was connected. A circular collar was placed 

on the mast, this was used as the guy wire attachment point. The four guy wires secured the mast 

and base to the building through the guy wire anchors and collar on the mast. The rotator was 

placed and secured to the top of the mast with a boom inserted through the motor in control of 

elevation angle, Figure 3. The boom was secured with two U-clamps to the rotator. The antenna 

was attached to one end of the boom and a four-pound counter mass was secured on the opposite 

end. The RC4000 controller from Research Concepts Incorporate was encapsulated in a 

weatherproof box and attached to the mast with the rotator and ethernet cables inserted through 

the bottom of the case. The antenna was connected to the preamplifier and RF cables that lead 

through the roof to the transceiver in the technology rack. The transceiver is connected to the 

Raspberry Pi through an intermediate modem connection. The ethernet cable was run along the 

RF cable and connected to a port in the lab which allowed Hawksnest to gather its orbital data. 

 

 
Figure 3: Partially Assembled Ground Station. 
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GROUND STATION OPERATION  

  

Hawksnest will periodically ping the website “CelesTrak” and record the most recent two-line-

element (TLE) data of KUbeSat1. The GS then sends the TLE data through the ethernet cable to 

the IP address of the controller which the controller will use to track the satellite and accurately 

point the antenna at KUbeSat1. Once KUbeSat1 is within the operational range of the ground 

station, Hawksnest will send a message to KUbeSat1 to initiate the handshake procedure. This 

handshake procedure and the communication between the ground station and the satellite are 

discussed in detail in the Satellite Operations Section.     

 

The primary components of the ground station like the transceiver and modem are tested in a 

laboratory with the satellite radio module and the SDR. Other components like the antenna and 

pre-amplifier are tested in the anechoic chamber and the cable run is tested using a portable Vector 

Network Analyzer (VNA). After testing each component, the full ground station is verified by 

receiving a beacon message from a current orbiting satellite.  

 

The pointing and rotational accuracy of the rotator and controller were verified by their ability to 

follow the trajectory of the satellite for an entire pass. The pre-amplifier was verified by measuring 

the quality of the signal at the end of the long coaxial cable run. The RF signal level is monitored 

on the transceiver and the serial terminal displays the decoded beacon signal from the modem. The 

success of the test is qualified based on the number of successfully decoded messages relative to 

the total number of messages transmitted, which is computed based on the beacon period and 

duration of the pass.  

 

The satellite radio module is rigorously tested and qualified in the laboratory with the ground 

station components and the SDR. While this setup is convenient for troubleshooting and 

programming the satellite hardware, these tests are performed in a controlled environment in 

proximity of fewer than 3 meters. It is crucial to test the radio module at an intermediate distance 

in the real-world environment before it is launched and intended to communicate over longer 

distances.  

 

As mentioned previously, the ground station is located at Eaton Hall on the University of Kansas 

campus. Another campus building is chosen such that the roof is in direct line of sight with the 

roof of Eaton Hall and approximately 0.8 km away. The satellite radio is transported in a sealed, 

temperature-controlled, RF transparent box to the roof of the second building. Two-way 

communication tests are performed between the satellite radio and the ground station over this 

intermediate distance, in the presence of natural and radio interference. Tests are qualified based 

on the number of successfully received packets and decoded messages. Other packet operations 

like handshaking are also performed to test viability. This is not dissimilar to tests done at other 

universities before launch [5]. 
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SATELLITE TESTING 

  
While work is being done on the ground station operation, a similar set of tests are being 

performed on the satellite side. KUbeSat1 uses the Endurosat UHF Antenna III module. It is a 

turnstile or crossed dipole antenna that consists of two identical dipole antennas mounted at right 

angles to each other. The dipole antennas are fed 90° out-of-phase relative to each other to 

achieve circular polarization. The antenna is designed for operating in the 435 – 438 MHz 

amateur band and has a 1.5 dBi gain when mounted on a 3U structure.  

 

The four arms of the antenna are folded inside the module and deployed using a dual redundant 

burn wire mechanism with double feedback. The burn resistor chains can also be directly 

controlled using the general-purpose outputs for additional redundancy. The deployment 

algorithms are tested with the test mode jumper engaged to prevent the antenna arms from 

deploying. The deployment status feedback is collected through the I2C interface pins.  

 

The deployment of the antenna arms is a single, irreversible event. Therefore, all tests must be 

performed with the test mode jumper engaged on the undeployed antenna module. This means 

that the performance of the deployed antenna relies on the flight heritage information provided 

by the manufacturer. Nonetheless, the undeployed state allows an opportunity to test the antenna 

in the event of a burn mechanism failure.  

 

The antenna module is placed inside a plastic box that has been cleaned and sprayed with an anti-

ESD solution inside a clean room. The box is sealed, and Radio Frequency (RF) tests are 

performed in the anechoic chamber, as shown in Figure 4.  Figure 5 shows the measured return 

loss and the measured radiation pattern of the undeployed satellite antenna respectively. The 

results indicate that the antenna has satisfactory impedance matching over the operational 

bandwidth and a distinct main lobe in the boresight direction of the module. This implies that 

even in the event of a deployment failure, the antenna can transmit and receive signals and 

communications may still be attempted.  

 
Figure 4: Satellite Antenna inside an Anechoic 

Chamber 
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SATELLITE OPERATION 

Part of any CubeSat mission involves understanding the operational timeline of the satellite and 

what the communications timeline looks like during orbit. Directly after launch, the Launch 

Service Provider (LSP) will begin providing state vectors that can be converted into TLE sets. The 

United States Air Force’s Joint Space Operations Center (JSpOC) creates the sets as an easy way 

to encode orbital data at any given time for an epoch. Directly after obit insertion, the TLEs will 

be less accurate than normal as there are other satellites onboard KUbeSat1’s mission. As the 

satellite moves away from its fellow passengers, the TLEs will be refined and used for tracking 

and communications. 

 

At this point, the operation of KUbeSat1 can be divided into phases of the entire mission. These 

sections correspond to the various science and communication objectives of the satellite and can 

be seen below.   

 

1. Detumble and deploy antenna. Expected duration: 24-72 hours 

2. Beaconing and establishing first contact. Expected duration: 12-24 hours 

3. Check out and commission onboard systems. Expected duration: 12-24 hours 

4. Begin operation of HiCalK and PCRD. Expected duration: 1-4 weeks 

5. Shut down primary HiCalK operation and focus on PCRD. Expected duration: 1-2 years 

6. Intermittently use PiCam to take photos in orbit. Expected duration: Satellite Life 

 

While the information presented above gives a broad overview it does not give detailed 

information. The next stage in understanding the satellite side of communications involved a more 

in-depth look at a downlink over Lawrence. There are a few key parameters that need to be 

highlighted first and are summarized in Table 1 below.  

 

 

Figure 5: Measured Return Loss and Radiation 

Pattern of Undeployed Satellite Antenna 
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Table 1: KUbeSat1 Operating Parameters 

Parameter Value 

Flyover Duration 7 min 10 seconds average 

Compression 90% 

Payload Packet Size 77 Bytes 

Payload Size 1.048 MB 

Number of Packets 1360 

 

During a flyover of the Hawksnest GS, a complex dance of operations occurs at the right time to 

ensure a successful downlink. It begins with the satellite entering the field of view of the GS, which 

begins tracking and transmitting a handshake signal. The satellite, which is in receive by default, 

intercepts the signal and verifies the GS is Hawksnest. The satellite then switches to transmit and 

starts sending basic health data and waits for GS verification. Once all health data has arrived and 

looks good, the GS asks for the payload data. Since the module is only able to send 77 bytes at a 

given time, there are over 1000 packets of data. Each time a packet is received and verified at the 

GS, a signal is sent back up asking for the next packet. This process is repeated until all the payload 

data is downloaded. Should there be time left, any needed instructions are sent up to the satellite, 

and as it leaves the FOV switches back to receive mode. The entire process can be seen in Figure 

6 below and at a 90% compression ratio takes only 7 minutes.  

 

 
 

Communication and continued operation of KUbeSat1 is contingent upon the successful launch 

and deployment of the satellite. At the release of the kill switch pins, the satellite will wait 30 

minutes before entering Post Deploy Mode. While in this mode, the satellite will run a health 

check on all systems and upon successful completion will deploy the UHF antenna and 

magnetometer. The satellite then enters receive mode and commission mode where it beacons 

every five minutes and listens for a response from the GS. Once a response is received and 

Figure 6: KUbeSat1 Downlink Timeline 
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verified to be from the Hawksnest GS, the health data is transmitted, and the satellite is set back 

to receive mode as it leaves the GS range. 

 

Upon successful completion of the first pass, KUbeSat1 enters Normal Operation Mode where 

payload operation is begun. In this mode, the PCRD will be activated and will run for 40% of the 

duty cycle. Once the satellite passes the 66th latitude, the PCRD will be shut down if active and 

the HiCaLK will begin to collect data until the 66th latitude is passed again. If the PCRD has not 

exceeded the 40% duty cycle runtime once the HiCalK is shut down, it will be reactivated until 

the threshold is reached. This process repeats for each orbit and after the first two weeks of 

operation, the HiCalK will only run once a week. 

 

Downlink Mode will be entered every orbit when the satellite detects it is nearing GS range 

using the onboard GPS. While in this mode, the satellite will wait for a GS command and then 

verify that the command came from Hawksnest. Once verified, the satellite will first transmit 

health data before sending payload data and then picture data. If not all data is transmitted during 

a pass, it will be prioritized the next time the satellite enters Downlink Mode. As the satellite 

nears the edge of the GS range a command will be sent to return the satellite to receive mode. 

 

Normal Operation and Downlink Modes are the standard processes that will run every orbit until 

satellite decommission unless Low Power Mode (LPM) or Commission Mode is active. LPM 

shuts down all payload processes and is entered when the battery charge state falls below 30% 

and remains active until the charge reaches 100%. Commission Mode is entered if the satellite 

has not received communication from the GS after two days. Payload processes will be shut 

down and the satellite will begin to beacon every five minutes until a connection is reestablished 

with the Hawksnest. LPM and Commission Mode act to preserve the longevity of the satellite by 

preventing catastrophic failure caused by a lack of power or communication. These operations 

are expected to continue until the satellite is decommissioned, orbit decay renders the satellite 

inoperable, or an unforeseen failure occurs. 

 

DISCUSSION AND CONCLUSIONS  

  
As KubeSat1 continues to mature, more data will be made available for analysis and reporting. 

This will only add to the series of papers that KUbeSat intends to bring to ITC in the future. 

Significant advancements have been made since the first paper submitted by KUbeSat has had time 

to test and verify all the components that were outlined in the first. Moreover, the full packet 

structure and satellite operations have been fleshed out in detail. This not only helps support 

KUbeSat1 but lays a historical foundation for future satellites, at KU or not, to build upon. One of 

the riskiest parts of the current setup is the testing of the undeployed antenna. Since this is a one-

time event, any gathered data may not be wholly accurate and as a result, could impact satellite 

communications. Currently, the setup of the SDR network has taken a backseat to the development 

of the main communications pipeline as the launch date for KUbeSat1 approaches. Ideally, these 

systems would be developed in tandem, but with a limited amount of time and positive test results, 

the main pipeline has been prioritized. Once the team can prove quantifiable verified data on one 

pipeline, the other can be caught up to speed post-launch.  
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The operation and data analysis of KUbeSat1 will provide the framework to base future ITC 

papers on and continue the growth of the KUbeSat organization. The GS is planned to be 

expanded to handle S-band transmission, which will expand communication capabilities and 

provide an S-band experience for KUbeSat members. Potential KUbeSat2 payloads range from 

remote sensing and high-energy particle detection to a solar sail and swarm flight. Future 

KUbeSats will continue to provide opportunities to present at ITC and will continue to support 

the ITC mission. 
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