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1. Introduction

This Operations Plan describes the procedures used to operate and control the RAFT (Radar Fence Transponder) and MARScom (Military Affiliate Radio System communication) while on orbit.

The RAFT mission is to provide a cubesat with an on-board transponder capable of identifying itself via the NSSS satellite Radar Tracking system, in turn providing a means to track cubesat clusters. Without this transponder cubesats are too small to be detected by normal non-queued tracking systems, thus there is no easy way to find these individual cubesats after deployment.  RAFT will have a separate 217 MHz transmitter and receiver to assist the calibration tests of the separate NSSS transmit and receive antenna beams.

The mission of MARScom is to explore and demonstrate a very low cost yet viable communications capability for education and training of both Midshipmen and the large numbers of Navy Marine Corps communications cadre personnel.

RAFT and MARScom are housed in 5” cubes that will be deployed from NASA mission STS-116.
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Figure 1-1. RAFT1 and MARScom Satellite

1.1 Philosophy of OPERATIONS

The RAFT will be operated by the primary ground station located in Annapolis, Maryland with participating ground stations around the world assisting in collection of downlink telemetry (table 1-2).  Operations of RAFT will consist of telemetry collection and commanding necessary to assure the safety and proper operations of the spacecraft.  Further the primary mission is operation of the radar fence transponder during passes over the NSSS radar fence.  When battery power permits, routine amateur radio operations will be enabled.

1.2 OPERATING Modes
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Figure 1-2. RAFT Block Diagram
1.2.1 RAFT can operate in multiple configurations.  RAFT’s modes can be summarized as:

TELEMETRY MODE
PACKET RELAY MODE
PSK-31 MODE
PACKET/ VOICE/ MODE
XP217 RADAR FENCE MODE
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Figure 1-3. MARScom Block Diagram



1.2.2 MARS’ modes can be summarized as:

TELEMETRY MODE

PACKET RELAY MODE

MARS VOICE RELAY MODE

UHF AM TRANSPONDER MODE

1.2.3 Mutual frequency operations between ISS HAM, ANDE and PCSAT:

The three USNA spacecraft PCSAT, PCSAT2 and RAFT along with the ISS-HAM system all have the potential to operate in synergism as a constellation of satellites in a common communications support mission.
1.2.4 PCsat:  PCsat is mostly in hibernation except during full sun periods in the winter.  During these periods, RAFT and PCsat operate as identical transponders and can relay each other’s packets and user data.  In this case, RAFT may operate on constellation with PCsat whenever the two have mutual visibility:
Uplink/Downlink
Usage
145.825   
Multi-hop Packet mode and cross satellite telemetry.
1.2.5 IF PCSAT2:  PCSAT2 has a 145.825 receiver and can relay RAFT packets whenever they are in view.  Also, PCSAT2 may operate in constellation with RAFT when it has its alternate 145.825 transmitter enabled.
Uplink
145.825   
Multi-hop Telemetry and User Packet transponder
1.2.6 ANDE:  ANDE was designed with the permanent 145.825 transponder.  ANDE can always be used in multi-hop constellation with RAFT:
Uplink/Downlink
Usage
145.825   
Multi-hop Telemetry, commanding and User packets
1.3 Participation

Personnel responsible for the MISSE5 Operations are listed in Table 1-1.

Table 1‑1.  MISSE5 Test Personnel

	Name
	Organization
	Role/Responsibility
	Contact Information

	CDR Robert

    Bruninga, USN (ret)
	USNA
	RF Engineer
	410.293.6417

bruninga@usna.edu

	Benjamin S. Orloff

Eric S. Kinzbrunner

JoEllen E. Rose

Steven R. Schwarzer
	USNA Class of 2005
	Design/production
	

	
	
	IT development
	

	James R. Paquette

Jeffrey F. Robeson
	USNA Class of 2006
	Integration/test
	410.353.3597
m065112@usna.edu
253.315.4810

m065730@usna.edu



1.4 Ground Station Locations

The following stations are involved in the global RAFT operations system.  The facilities are listed in Table 1-2.

Table 1‑2.  Operations and Ground Station Facilities

	Location
	Callsign
	Operators name and email

	South England
	G0ORX/NGLYT
	John Melton

	Oregon Coast
	W7KKE
	Kem

	North Carolina
	N8MH
	Mark Hamond

	New Jersey
	KB2M
	Jeff Griffin

	South Carolina
	WB5EKU
	Don Jacob

	San Diego, California
	AD6NH
	Phil Pow

	Southern Florida
	KI4T
	Joel Kendall

	Central California
	N6CO
	Dave Larson

	EN51XV
	KA9SCF
	Pat Green

	Mesa, Arizona
	W7DAS
	Donnie

	New Jersey
	KA2UPW
	Dan Quagliana

	Atlanta, Georgia
	VN4GPI
	Steve Diggs

	
	HG6RHE
	Gerry Rolle

	Halesowen, United Kingdom IO82x1
	G4DPZ
	Doug Johnson

	New Zealand
	ZL1AOX
	Ian Ashley

	Japan
	JJ1WTK
	Kazu Sakamoto

	Manitoba, Canada
	KC8NSA/VE4
	Stefan Wagener

	Boston, Massachusetts
	W1EUJ
	Dand Concaluca

	United Kingdom
	G4SDG
	Chris Grohmann

	Australia
	VK
	John

	South Wales, United Kingdom
	GW1FKY
	Ken Gaton

	Belgium
	ON4AMV
	Marc


1.5 Operations Chronology

Table 1-3 lists the Operations chronology.

Table 1‑3.  Test Chronology

	TEST LEVEL
	TEST
	TEST DATE(S)
	PARA-REFERENCE

	System Level
	Command & Telemetry Functional Test
Functional Test
Performance Test

Functional Test pre-ship review

Functional Test arrival JSC

Vibration Test at JSC

Functional Test after Vib
Launch

On-Orbit checkout
	
	2.1

3

4




2. System Pre-Flight Tests

The RAFT/MARScom was subjected to numerous pre-flight tests to verify its functionality during development and prior to launch as noted in table 1-3.  Figure 1-2 shows the basic test equipment used for all operational tests:  RAFT test set, USNA laptop, handheld Kenwood TH-D7A(g) walkie-talkies.
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Figure 2‑1.  GSG Test Configuration via GSG Cable
2.1 Space Shuttle/ISS RAD HAS Considerations

2.1.1 Summary

The RAD HAZ tests verified that RAFT cannot exceed the radiated emissions requirement for the ISS while it is contained within its launcher.   

2.1.2 Details
The RAFT transmitters operate at 4 Watts and are at least 9 dB over the emission level considered to be a catastrophic hazard to the Space Shuttle if they begin transmitting in the payload bay with their normal operational antennas.  Using the unpowered bus exception to the safety requirements, this would require four inhibits to prevent unsafe transmission.

PRE-DEPLOY CONFIGURATION:

The two RAFT satellites, however, are fully enclosed in the SSDL 5510 launcher assembly and in addition, the deployable antennas of each of the two RAFT spacecraft are housed in conducting, grounded sleeves on the opposite spacecraft thus shorting the antennas and preventing any radiation from the antennas and thirdly, being spring-plunger deployed there is no positive contact of the antenna rod to its drive cable until they are fully deployed.  The only emissions possible in this pre-deployment configuration would then be leakage and these levels should be orders of magnitude below the hazard level.

This has been verified by test (below).

Thus the RAFT transmitters in their pre-deploy configuration are safe.  What keeps the RAFT satellites in this "safe" condition is the SSDL 5510 Launcher Deployment circuits which satisfy the 3 inhibit rule with monitoring.

2.1.3 Facilities

Pre-flight EMI/EMC testing was conducted in the USNA satellite lab TBD Jan 2006.

2.1.4 Equipment

Equipment used for EMI/EMC testing is shown in Figure 2-2.
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Figure 2‑2.  EMI Test Configuration

2.1.5 RAD HAZ Test Procedures
A +6 dBm transmitter (4mW) was connected to a model RAFT antenna on a model spacecraft.  The RF power was measured at 1 meter distance in the direction of maximum signal to be - 20 dBm.  Next, the second spacecraft was placed down over the antenna in the pre-deploy configuration and the signal was measured again to be -60 dBm.  Finally, the sense antenna was moved around in all directions to capture any variation in the antenna pattern and all measurements were within +/- 6 dB of the - 60 dBm nominal value.  The effective shielding to the enclosed RAFT antennas in the PRE-Deploy configuration is thus about 40 dB with a margin of error of about +/- 6 dB.  When scaled to the full 4 Watt transmit power, this reduces the effective radiated power (ERP) of RAFT in this configuration to less than 2 mW which is 25 dB below the hazard threshold.

Figure 2‑3.  RAFT Setup for RAD HAZ Testing
2.1.5.1 RAFT OPERATING FREQUENCIES
For reference the following tables were recorded with the transmitters on:

Table 2‑1.  RAFT Frequencies
	Frequency
	TX
	RX
	Comments

	145.825 MHz
	X
	X
	Packet transponder Telemetry

	216.980 MHz
	X
	X
	Radar Fence

	28.122 MHz
	
	X
	PSK-31 Transponder Uplink


Table 2‑2.  MARSCOM Frequencies 
	Frequency
	Uplink
	Downlink
	Comments

	27.9635 MHz
	
	X
	HF downlink

	148.975 MHz
	X
	
	VHF Uplink

	285 MHz
	X
	
	UHF Am transponder
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Figure 2‑4.  Typical Functional/Operational Test Equipment Configuration

3. On Orbit checkout
Once RAFT is launched on orbit, all communications functions of RAFT and MARSCOM will be tested on the first orbits over the USNA ground station.  In preparation for RAFT and MARSCOM on-orbit checkout, the USNA ground station will be tested using other existing assets such as PCSAT2 or ISS-HAM to ____ Performance.
3.1 First Pass (Telemetry – command control checkout)
-Logon to RAFT
-Activation of telemetry at 10 second for duration of pass
-Test Digipeater Functions

-Resetting of telemetry to 1 minute before LOS and disable digipeater
-Logon to MARSCOM
-Enable 10 second telemetry

-Test Digipeater Functions

-Restore 1 minute telemetry and disable digipeating
-Collect whole orbit telemetry from ground stations around the world to assess power budget
3.2 Second Pass (Operational Checkout)
-Logon RAFT.  Set to 10 second telemetry

-Enable packet voice transponder and verify operation

-Disable voice transponder
-Restore 1 minute telemetry
-Logon MARScom

-Engage MARScom repeater

-Test MARScom repeater

-Disable MARScom  repeater

-Set 1 minute telemetry
3.3
Third Pass Or Suitable Pass Geometry with NSSS Radar
-Logon to RAFT
-Set to 10 second TLM

-At 30 second prior to NSSS AOS enable 217 MHz transponder

-Record audio

-Command OFF 217 MHz transponder which will remain on for 1 minute
-Restore 1 minute TELM

-Logoff

3.4
Forth Pass (PSK-31 Transponder)
-Logon RAFT

-Set to 10 second TLM

-Enable PSK-31 transponder

-Activate and test PSK-31 transponder
-Secure PSK-31 transponder
-Restore 1 minute telemetry
3.5 Fifth Pass (UHF-AM Transponder checkout)
-Logon MARScom

-Set 10 sec TLM

-Enable UHF AM transponder

-Activate and test transponder from YP
-Disable transponder

-Restore 1 minute telemetry
4. Notes

4.1 Acronyms and Abbreviations

ISS
International Space Station

cmd:
Command prompt of TNC
AMSAT
Amateur Satellite Organization
ITU
International Telecom Union

IARU
International Amateur Radio Union

TNC
Terminal Node Controller

CPU
Central Processing Unit

RAFT
Radar Fence Transponder

MARScom
Military Affiliate Radio System communications

NSSS
Naval Space Surveillance System 

NMARS
MARScom callsign (Navy MARS)

5. RAFT On Orbit Operations
5.1 Ground Station Configuration
[image: image6.jpg]



Figure 5-1. USNA GSG Software Display for RAFT1 and MARScom
5.1.1 USNA Command Software
Table 5‑1. USNA Command Station Configuration
5.2 Detailed Operational Procedures
	Step
	Description
	Comment (s)

	6


	Begin Command Session: Send RAFT logon request 

· Type “LA” on Radio A laptop


	Should see Password request from RAFT and auto-password response resulting in “prompt:”

Verify:  “prompt:”

	7


	Enable RAFT 10 sec telemetry

· prompt: TE 1


	Verify:  10 s TLM received on GSE display
Verify: Telemetry after 10 seconds

	8
	Enable PSK-31 transponder
· prompt: ctrl A ON

	Verify: TX comes on and HF noise heard
Verify: TLM shows additional 400 ma

	14

	Enable Voice experiment
· prompt: ctrl B ON

	Verify: TLM shows additional 40 ma


	15


	When RAFT approaches fence, send cmd to enable RAFT radar transponder 30 seconds prior to Fence AOS.

· prompt: LEDS ON

	Verify: TLM shows additional 40 ma


	22


	Send MARScom logon request 

· Type “LM” on Radio 2 laptop


	Should see PW request from MARScom and auto-password response resulting in “prompt:”

Verify:  “prompt:”



	23


	To Enable MARScom 10 sec telemetry

· prompt: TE 1


	Verify:10s TLM on Telemetry



	27


	Activate UHF AM receiver:

· prompt: ctrl A ON

	Verify:  TLM shows additional 100 ma


	28


	Have YP transmit test signal

	Verify: Voice heard on downlink


	29


	Turn off UHF AM receiver
· prompt: ctrl A OFF
	Verify:  TLM current goes down by 100 ma

	30
	
	

	31
	
	

	32
	
	

	33
	
	

	35
	
	


TBD
5.2.1 USNA GSG Software Operations
	Step
	Description
	Comment (s)

	1

	
	

	3
	
	

	4
	
	

	5
	
	

	6


	Send RAFT logon request from RAFT software

On Laptop A:

· Type “L” and then “A” (computer will process log-on procedure, leaving you at the blue screen and “prompt:”)

· Type “TE 1” at “prompt:”

· Press <CTRL-C> to get cmd line

· Type “mcon on” at “cmd:”

· Press <ESC> to get to telemetry screen

· Wait for telemetry screen to update (about 10 seconds).  Record telemetry data in log book and note that we are in low voltage shunt mode.

Note:  If at anytime during this sequence you accidentally hit <ESC> and go back to the telemetry screen, hit “K” to go back to “prompt” screen.


	Verify state of MISSE-5.

· Wait for telemetry screen to update (about 40 seconds).  Record telemetry data in log book and note that we are in low voltage shunt mode.



	7


	Enable PC2 10 sec telemetry:

On Laptop B:

· Type “L” and then “B” (computer will process log-on procedure, leaving you at the blue screen and “prompt:”)

· Type “spt on” at “prompt:”

· Type “xm 410/40” at “prompt:”

· Press <ESC> to get to telemetry screen.  No telemetry will be updating.

	

	8


	Set HIGH-V short Back to Laptop A:
	

	9


	
	

	10
	To power down RAFT for EVA:


	 

	11
	Starting log file:

a. Hit “F” for File Menu.

b. Hit “S” to Save File.

c. Hit “F” again for File Menu.

d. Hit “O” to Open new File.

e. Press “Enter” to accept Default naming file.


	

	12
	If Black Screen on Laptop A or Laptop B:

a. For Laptop A, do log-on procedure:  Hit “L” then “A”.  Then press <ESC> to go back to telemetry screen.

b. For Laptop B, do log-on procedure:  Hit “L” then “B”.  Then press <ESC> to go back to telemetry screen.


	


5.2.2 TBD
5.3  USNA Ground Station Setup
PROCEDURES:

1. CONFIGURE USNA GSE EQUIPMENT:  Connect one laptop to a Kenwood D7 walkie-talkie radio.  Execute RAFT.EXE from desktop on all laptops and prepare as follows:

A. RADIO-A (connected to RadioLaptop-1):

1) Tune Band-A to 145.825  (press VFO button if needed to get to VFO mode)

2) Toggle A/B button to A to set it
3) Activate TNC button so that TNC ICON and “packet” displays on top of radio screen

4) Use FUNCTION and LOW button to set TX power to “EL”.

B. RADIO-B (connected to KPC-3+ TNC Receiver Port):

1) Tune Band-A to 27.962  (press VFO button if needed to get to VFO mode)

2) Set SSB mode
3) Set Tune mode to “FINE”
4) Turn on KPC-3+ TNC

C. RADIO-C: (Connected to KPC-3+ TNC Transmitter Port)
1) Tune Band-A to 148.975  (press VFO button if needed to get to VFO mode)

2) Set Volume to midscode
3) Activate TNC on/off button so Green power LED is lit.
4) Ensure TNC is connected to laptop and serial port.
2. On laptops execute USNA-OPS.exe
3. RAFT1 Hardware Commands:  Use these remote system ops commands to effect hardware controls:
A. TE n (sets telemetry to every n x 10 secs)
B. B_E_n (Sets Beacon every n minutes)
C. CTR A on/off (Enables ____________)
D. CTR B on/off (Enables ____________)
E. LEDS on/off (Enables ____________)
4. ENABLE PSK-31 MODE:  Set these TNC commands:

F. AX25L2V2 must be OFF

G. CHECK must be 45 (450 secs 7.5 mins)

H. CMSG must be OFF

I. RETRY 3

J. CONOK then may be enabled CONOK ON


Then connect as a user to RAFT and verify the PSK-31 transponder comes on and then times out 7 minutes later and begins a disconnect sequence.  Connect takes 30 secs, then CHECK timeout, then DISC for 39 secs.  That is assuming 3 retries.

5. Enable Voice Mode
A. Set MYAPRS to SPEAK

6. Enable Radar Fence Transponder

7. MARScom Hardware Commands:  Use these remote system ops commands to effect hardware controls:

A. TE n (sets telemetry to every n x 10 secs)

B. B_E_n (Sets Beacon every n minutes)

C. CTR A on/off (Enables ____________)

D. CTR B on/off (Enables ____________)

E. LEDS on/off (Enables ____________)

8. ENABLE VOICE MODE:  Set these TNC commands:

A. AX25L2V2 must be OFF

B. CHECK must be 45 (450 secs 7.5 mins)

C. CMSG must be OFF

D. RETRY 3

E. CONOK then may be enabled CONOK ON


Then connect as a user to MARScom and verify the voice transponder comes on and then times out 7 minutes later and begins a disconnect sequence.  Connect takes 30 secs, then CHECK timeout, then DISC for 39 secs.  That is assuming 3 retries.
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