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1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this document is to establish an operations concept for the

MidSTAR-1 mission. The MidSTAR-1 mission involves the 2-year operation of the

MIDSTAR-1 spacecraft and support for a wide range of space experiments. This document describes the flight and ground operations activities, interfaces, and overall operations flow that support the requirements for MidSTAR-1 mission planning, scheduling, commanding, monitoring, and science data delivery to the USNA Satellite Ground Station. It is intended as an introduction to MidSTAR-1 mission operations to a range of users including science team members, sustaining engineering personnel, and management. The Mission Operations Concept Document is not a requirements document, but is to be used as a resource for the mission development cycle and a source of derived requirements. 

1.2 SCOPE

The scope of this document includes all operations-related plans for the

implementation of the MidSTAR-1 mission, specifically including the following:

• Overviews of the science, spacecraft, instruments, and ground segment

operations.
• Flight operations activities including mission planning, commanding,

monitoring, flight dynamics support, payload support and data retrieval, and sustaining engineering.
• Operations organization, assigned responsibilities, and management.
2.0 MISSION OVERVIEW
MidSTAR-1 is a general-purpose satellite bus capable of supporting a variety of space missions by easily accommodating a wide range of space experiments and instruments. The integration of the experiments with the satellite bus will be accomplished with minimal changes to the satellite bus design. MidSTAR-1 is intended to be a relatively low-cost, quick response platform accommodating small payloads approved by the DoD Space Experiments Review Board (SERB) and launched through STP.

MidSTAR-1 is designed for use on the Expendable Secondary Payload Adaptor (ESPA) Ring developed by Air Force Research Laboratory (AFRL) for placement on STP-1, an Atlas V expendable launch vehicle. 
MidSTAR-1 is a Class D spacecraft, produced at minimum cost with a correspondingly higher technical risk in production and operation. This spacecraft is intentionally simple in design and rugged in construction, using commercial off-the-shelf “plug-and-play” components to the greatest extent possible. Component development and circuit-board level design are accomplished only when necessary.

MidSTAR-1 is a project of the United States Naval Academy (USNA) Small Satellite Program (SSP) under the sponsorship of the Department of Defense (DoD) Space Test Program (STP).
2.1 MidSTAR-1 Overview

The MidSTAR-1 spacecraft provides the required structural, thermal, electrical, attitude control, and data/communications. Descriptions presented here do not represent the project requirements. 
2.1.1 Command and Data Handling (C&DH) Subsystem

The MidSTAR-1 Command and Data Handling (C&DH) subsystem provides several major functions: receive and execute commands; collect, store, and transmit house-keeping data; and support SERB approved payloads. A 133 MHz PowerPC processor performs all spacecraft processing, including command, telemetry, and managing the interface for the onboard experiments.
The onboard operating system is the Linux operating system. For internal satellite communications the TCP protocol will be used. For uplink and downlink communications, the satellite will utilize UDP or MDP protocols.

2.1.2 Telecommunications (COMM) Subsystem

2.1.3 Electrical  Power System
The Electrical Power System (EPS) provides power to the spacecraft bus components and instruments. Under nominal conditions, EPS operates autonomously, performing battery discharging/charging, and power distribution. A solar array consisting of 16 panels with GaAs cells will generate the electrical power during the daylight part of the orbit. Excess power is stored in four batteries consisting of 28 NiCd cells. These four batteries will be connected in parallel to provide an even charge distribution for all four of the batteries. Charge rates will vary mostly only due to wether MidSTAR is in sunlight. While in sunlight the charge rate from the solar panels will be nearly constant. When MidSTAR reaches the end of its mission and life, the batteries will be electronically disconnected from the solar panels and a trickle charge will be placed on them to slowly bleed the power out of the system.
2.1.4 Structures
MidSTAR-1's frame is an octagonal structure, including separation system. The deployment mechanism is mounted on the negative x face. The positive x face is reserved for externally mounted experiments. All eight sides of the spacecraft are covered with solar cells in order to maximize the power available. Eight dipole antennas are mounted on the four faces of the spacecraft which "cut the corners" of the ESPA envelope, and are therefore positioned within the ESPA envelope rather than coincident with the envelope surface. The remaining sides will be mounted with remove-before-flight eyeholes for lifting and transport during ground support. MidSTAR-1 features three interior shelves, which provide area inside the satellite for mounting of components and payloads. Their locations are determined by the dimensions of the payloads and components. These can be varied if necessary, as long as the structure remains within the center-of-gravity requirements. The load-bearing structure of the octagon consists of the top and bottom decks, connected at the eight corners by stringers. The side panels of the spacecraft are aluminum panels mounted to the stringers. Five panels will be removable to allow for access to internal components and payloads.
2.1.5 Thermal Control
MidSTAR-1 uses passive thermal control by design; for simplicity, no active thermal control devices will be installed on the spacecraft. As a result, payloads are not guaranteed any specific thermal conditions. 

MidSTAR-1 TRASYS Model version 1.1 uses the radiative properties of bare aluminum for all surfaces. Subsequent versions will use the actual radiative properties of the spacecraft surface materials. The bulk of the cylinder sides will be covered with Gallium Arsenide solar cells under cover glass. Exposed aluminum surfaces will be anodized or allodized. Multi-layer insulation (MLI) is currently not included in the design; it will be added if dictated by thermal analysis results and modified models will then be constructed and analyzed. 

MidSTAR-1 SINDA Model version 1.1 includes the exterior shell of the spacecraft only. Subsequent versions will successively add the inner shelves and the on-board systems. The resistors used in the drawings represent the conductive paths of the heat as it flows through and around the spacecraft. 
2.1.6 Overview of the Payload

The MidSTAR‑1 mission will support five experiment payloads. The Configurable Fault Tolerant Processor (CFTP), the Micro Dosimeter Instrument (MiDN), the Micro Electro Mechanical Sensor (MEMS), Eclipse, and the NanoChemsensor Unit (NCSU).
2.1.6.1 Configurable Fault Tolerant Processor (CFTP)

The Configurable Fault Tolerant Processor (CFTP) experiment is sponsored and built by the Naval Postgraduate School (NPS) to evaluate and characterize the operation of a configurable space-borne processor and a fault-tolerant processor design.
2.1.6.2  Micro Dosimeter Instrument (MiDN)

The MicroDosimeter NanoSensor (MiDN) is a USNA-sponsored and built experiment to measure the ionizing radiation spectra of secondary neutrons deposited in sensors scaled to the dimensions of a typical human cell. The MiDN payload will be contained in 4 volumes. All volumes will be constructed of ¼” aluminum. Volume 1 consists of a sensor to measure the radiation on the exposed surface of the SC.  Volume 2 consists of the support electronics.  Volume 3 consists of a sensor in the interior of the SC to measure secondary radiation.  Volume 4 consists of sensor on the interior of the SC surrounded by polyethylene absorber, to simulate human tissue. Electrical interface to the SC is via three connectors, one providing ±6.00 ±0.5 VDC power, and the other providing an RS-422 serial port data connection to the SC processor for telemetry and commands.  Each of the volumes will require electrical connection to volume 2.
2.1.6.3 Micro Electro Mechanical Sensor (MEMS)
The MicroElectroMechanical Sensor (MEMS) is a USNA-sponsored experiment to test the operation in space of electronically controlled mechanical insulating structures.
2.1.6.4  Eclipse
Eclipse is a NASA Goddard Space Flight Center sponsored experiment to test the operation in space of an electrically-controlled optical membrane for thermal control applications. 

2.1.6.5  NanoChemsensor Unit (NCSU)

The Nano ChemSensor Unit (NCSU) is a NASA Ames Research Laboratory sponsored experiment to test the operation in the space environment of a nanotechnology chemical sensor. The NCSU consists of one Printed Circuit Board (PCB), with connections for an uninstalled/unused daughterboard PCB, one stainless steel gas sample cylinder, one chem sensor housing containing 32 sensor elements plus temperature and humidity sensors and three mini-solenoid valves for gas flow control. The PCB contains the electronics to control the flow of gas across the chem sensors, take and store measurements, and transmit the data via RS422 to the C&DH.

2.2  MidSTAR-1 Data Philosophy
The MidSTAR-1 data will be distributed to NPS, GSFC, and USNA. MidSTAR-1 is intended as a platform to house a variety of experiments and will perform little of the actual data processing. At the end of its two year mission, all experiments are expected to have ended. Any data collected after two years will be stored and disseminated to those organizations requesting the data.
2.3 Ground System Architecture Overview

The MidSTAR-1 Ground System provides for:
• Radio Frequency (RF) communications with the spacecraft

• Spacecraft & instrument monitoring and control

• Mission Planning

• Science data processing

• Science data archive and distribution
These functions are performed by existing facilities.
2.3.1 Ground Station

USNA ground station in Annapolis, MD will be the primary control station for MidSTAR-1.  The ground station will monitor MidSTAR-1’s health, upload commands, receive data, maintain flight path information, monitor performance, and possess sole communications to MidSTAR-1.

The ground station consists of one main command and data handling station.  Access to the use of this station will be limited to those authorized by the Aerospace Engineering Department.  The command station will consist of one monitor to be used as the visual display needed to interpret data available to the controller.  Two computer will be used with one being Linux based, and the other Windows based.
The Windows computer will be in control of the antenna by using NOVA software.  The NOVA program allows for automation of the antenna to ensure maximum efficiency during a pass.  The Windows computer will also be in command of the Linux computer and will communicate using a Puddy program.  Windows is used in order to have a Windows based user environment for the controller.  

After receiving commands from the Windows computer, the Linux computer will access predetermined commands for execution as directed from the Windows platform.  The Linux platform serves as the controller for the Bit Synchronizer and the receiver.    The Linux platform will be used to send and receive data from the satellite.  

The saving of data will be determined at a later date.
2.3.2 Ground Communications Network

Ground communications will consist of disseminating experiment data through e-mail or a website from the USNA ground station to the organizations in charge of the individual, specifically the Naval Postgraduate School, Goddard Space Flight Center, and various USNA departments.
2.3.3 MidSTAR-1 Mission Operations Center (MOC)
Is there one or is it the same as the ground station?
2.3.4 Data Archival
What sort, if any, record of data is kept?
2.3.5 Education and Public Outreach (E&PO)
MidSTAR-1 is the product of an educational experience. Data collected from the onboard experiments will be used to further the educational opportunities at NPS and USNA. There is no formal public outreach program, but there is a website maintained for any general questions the public may have.
2.3.6 Spacecraft Vendor

The United State Naval Academy Small Satellite program is responsible for both the construction and operation of MidSTAR-1. They will continue to provide support during the mission.
3.0 MISSION OPERATIONS
MidSTAR-1 mission operations encompass all activities from operations concept development through the termination of on-orbit operations and science data collection. Mission operations during the normal operations phase are the responsibility of the MidSTAR-1 ground segment. The MidSTAR-1 ground segment has responsibility for development of the MidSTAR-1 MOC, implementation of the RF communications for normal and backup operations, elements of the ground network for supporting MOC functions, and training and implementation of the FOT for MidSTAR-1 operations. Spectrum Astro is responsible for spacecraft launch processing and initial 14-day post-launch checkout.

The MidSTAR-1 MOC is to be developed and configured at NASA/GSFC in readiness for pre-launch operations, launch and 14-day checkout and normal operations. 
3.1 MISSION OPERATIONS PREPARATION
3.1.1 Requirements Analysis and Documentation

The MIDSTAR-1 ground segment coordinates with the spacecraft and instrument teams to fully define operational requirements of the spacecraft bus and instruments. Coordination with the MIDSTAR-1 Science Team defines science operations requirements, goals and constraints. This information is included in documentation prepared to clearly define all operating requirements, limits and capabilities. It further provides a basis for generating spacecraft and instrument operations procedures for use by the FOT. MIDSTAR-1 operations include not only the operation of the spacecraft and instruments, but also the operation of the ground system itself. Operational interfaces with external organizations (e.g.; NPS) are defined and documented during the pre-launch phase along with internal system operating requirements. These requirements are captured in the “MIDSTAR-1 Ground System Requirements Document”. MOC routine and contingency operations procedures are developed based on all requirements.
3.2 PRE-LAUNCH OPERATIONS

MidSTAR-1 will be performing the following specific activities at the launch site: space vehicle post-ship testing, final checkout and closeout, ESPA harness verification, ESPA mate, Delta IV battery charge path verification and battery charging.

3.2.1 Post-ship functional test (CPT)

Once the SV is set up in the processing bay and all GSE connections are in place, a post-ship functional test will be performed.  This test will be a repeat of the Comprehensive Performance Test (CPT), which is performed throughout the MidSTAR-1 Integration and Test effort.  If permitted in the processing bay, the CPT will utilize RF Antenna Hats as the communications path to and from the spacecraft.  (Hard-line serial connections to a ground test port on the SV can be used as a backup if radiating thru antenna hats is not permitted, but will provide a less realistic performance test.)

3.2.1 Final SV Close-Out

The SV will be cleaned and prepared for battery charging. How?
3.2.2 Charge Batteries and Monitor SV Status until ESPA Mate

At times when the SV is not in use for testing, it will be set up for battery charging (from external power supply) and will be not turned on periodically to collect state of health telemetry.  TBD continuous staffing, or TBD on-call 24x7 pager support may be required during battery charge activities. Battery charging will consume four hours cumulative during a 24-hour period once every two weeks. S/C “off” from completion of comprehensive performance test until deployment.
3.2.3 ESPA Mate

The mate of the SV to the ESPA ring will involve both USNA and Boeing IC procedures.  USNA will position the SV horizontally on the portable processing stand and attach a horizontal lifting fixture to the SV.  The IC is expected to operate the overhead gantry crane.

3.2.4 ESPA Harness Verification

USNA would like to perform a final ESPA Harness Verification to confirm the pinout of the umbilical prior to mating of the ESPA with the launch vehicle.  A continuity check combined with a cross-wiring check (to detect shorts) is sufficient.  

3.2.5 Charge Batteries and Monitor SV Status until ESPA-toDelta IV Mate

Following ESPA mate, the SV will be configured for battery charging (from external power supply).  TBD continuous staffing, or TBD on-call 24x7 pager support may be required during battery charge activities.

3.2.6 ESPA-LV Mate

Boeing IC will coordinate and oversee the installation of the fully populated ESPA ring on to the Delta IV Launch Vehicle.  The MidSTAR-1 SV will be inert and unpowered during this operation.

3.2.7 Charge Batteries and Monitor SV Status until Launch

The SV will be configured for battery charging (from external power supply) after LV battery charge path verification and until launch minus 24 hours.  TBD continuous staffing, or TBD on-call 24x7 pager support may be required during battery charge activities. Charging procedure? Charging equipment? 
3.2.8 At Launch minus 24 hours stop battery charging

Disconnect charging equipment and remove from the launch vicinity.

3.3 LAUNCH AND EARLY ORBIT CHECKOUT
The MidSTAR-1 spacecraft is launched in an unpowered, inert state.  MidSTAR-1 has no requirement for live telemetry during launch, prior to MidSTAR-1 deployment, during MidSTAR-1 deployment, or after MidSTAR-1 deployment.

The MidSTAR-1 postflight data analysis is limited to verification of orbital injection, positive confirmation of MidSTAR-1 separation from the ESPA, and providing initial orbital elements to USNA for tracking and first contact. 

· Positive confirmation of MidSTAR-1 separation from the ESPA can be communicated from the range to the MidSTAR-1 program by TBD means.  

· Two line element sets are required by USNA within one day of launch.  This data can be transferred to USNA by FAX or by TBD other media.  

Post-flight facility requirements are limited to packing and shipping activities.  USNA will remove electrical and mechanical ground support equipment from the payload processing facility, remove any boxes or other items stored at the launch site, and ship out all MidSTAR-1 program-specific hardware and equipment.

3.4 NORMAL OPERATIONS

Normal operations begin at the conclusion of the 14-day checkout, and encompass all activities necessary to collect and process science data and maintain the spacecraft, instruments, and ground systems on a routine basis. The normal operations phase of the mission is 2 years. The mission is devoted to the running of the experiments, collection of data, and dissemination of the data to the ground.

Checkout Ops


-First pass


--Standard interrogation

---Successful:


----


---Unsuccessful: command code reset


---Return to standard interrogation


-Second pass

--MIDN experiment checkout


---Turn experiment on


---Initiate data collection

---

It is expected that the majority of MidSTAR-1's observing time will be spent in the survey mode. The pre-planned mission timeline will be revised during the five day work week in response to new bursts and ToOs. The frequency of the ToOs is expected to be once per month. The pre-planned observations will be stored and managed by the spacecraft Absolute Time Sequence (ATS) processor and will provide a means of performing multiple observations without the need for ground commands.
What activities will take up most of MidSTAR-1’s time?

What is the frequency of activities?

Is anything automated?
Satellite is to be autonomous as possible as it will be able to take its own damage control measures and housekeeping requirements. 
The TDRSS DAS provides near continuous downlink coverage for downloading burst alert telemetry for delivery to the GCN and for alerting the ground of spacecraft emergencies. Alert telemetry, in standard state-of-health format, is autonomously sent to alert the ground of critical alarm events such as safe hold or low bus/battery voltage. Real-time housekeeping data can also be transmitted for spacecraft and instrument monitoring and contingency support.
What handles downlink? Telemetry? Housekeeping?

Downlink will be handled by the SpaceQuest System acting as the primary communications system, consisting of the SQL-MOD96 Modem and the TX-2400 Transmitter.  Working in conjunction they will be able to have a data rate of XXXXXX kbps at XXXX khz.  This rate will allow (how the data rate will effect the communications in one pass, at 9.6 kbps we are not able to CFTP all the info.)  Alternate Communications can be completed by ICSat given the experiment meets requirements.  Only one communications system can be functional at any given time, due to destructive interference. 
The MOC will routinely schedule approximately 7-8 passes per day to downlink the real-time and recorded data, and to uplink commands. The scheduling of SN contacts is dependent upon the attitude of the satellite due to the position of the Ku-band antenna. The MOC will use the science timelines to determine the availability and duration of future SN contacts. Autonomous repointing of the satellite as well as ToOs may interrupt planned SN contacts. These interruptions are compensated by scheduling additional contact time with the SN.
Which passes will be used for what?
How many usable passes do we have per day?

Is there something scheduled for each pass?

How will we update the pass schedule?

3.4.1 Mission Planning and Scheduling

The planned 7-8 passes per day are expected to be approximately 10 minutes in duration.
More scheduling stuff.
Who creates the mission activities?

How are downlinks scheduled? Using what?

What parts are involved in a downlink?

The CPU will be handling all commands in the system.  When using SpaceQuest the hardware components are the SQL-MOD96 Modem and the TX-2400 Transmitter.
How are the experiments timed? When do they need to be active?

Communications can only be on during the pass over the USNA Ground Station in Annapolis MD, and the alternative location is the Naval Post Graduate School in Monterey California.

Is there a timeline of events? Who monitors it?

Monitoring will be done by the USNA Ground Station in Annapolis MD and will be conducted by (MIDN or Prof.?).
3.4.2 Commanding

How is MidSTAR-1 commanded?

Are there command procedures? What are they?

What needs to be commanded?

How do we make sure only authorized commands are given?
Are there stored commands?
3.4.3 Spacecraft and Instrument Monitoring

Who is responsible for this?
What is monitored? How?

What is automated?

Housekeeping activities?

3.4.4 Weekly Activities

How are mission activities scheduled? Monthly? Weekly?
How are activities reviewed/revised?

3.4.5 Data and Delivery

What deals with data and delivery?
What data functions are performed?
The order of transfer of data in order of priority is the status, TLE history, Experimental data (CFTP, MIDN, MEMS, Eclipse, GSFC?)
What happens if received data is not satisfactory?
What is the daily volume of data received?

Where is the data delivered?

Is there a log kept?
3.4.6 Data Archival

Is there any database?
Is data even saved at all?

Do we need to worry about this or is it the responsibility of the owners of the payload?

3.4.7 Anomaly Response

What happens if there is an anomaly?
What are our options to respond with?

Are any emergency procedures automated? 

Which procedures requires human interaction?

3.4.8 Computer Security

Firewalls?
Is security already covered by DoD, NASA, etc?

What procedures are we required to conform to?

Is there a formal plan in place for security?

Is security a concern?
3.5 MIDSTAR-1 DATA PROCESSING
What data processing is performed?
How will data be accessed?

Is data transformed? (e.g. from a complicated format to a more user friendly one) How?

Who processes the data?

3.6 SUSTAINING ENGINEERING

Who is in charge of this?
3.6.1 Spacecraft Sustaining Engineering

Who does this?
3.6.2 Instrument Sustaining Engineering

Who does this?
3.6.3 Ground Segment Sustaining Engineering

Who does this?
4.0 OPERATIONS ORGANIZATION AND MANAGEMENT
4.1 MIDSTAR-1 PROJECT ORGANIZATION
Who has decision making ability for what?

Who manages day-to-day operations?

Who is the ground system manager?

4.2 MIDSTAR-1 MISSION OPERATIONS TEAM

The MidSTAR-1 mission operations team is a function of mission phase. The following summarizes the team composition and responsibilities. 

4.2.1 Pre-Launch Operations

Who is included in the pre-launch operations phase?

Who is responsible for the MOC? Flight systems? Delivery of payload?

Who is responsible for the instruments?

4.2.2 Launch and 14 day Checkout Operations

Who is responsible for launch?

Who is responsible for checkout operations?

4.2.3 Normal Operations

Is there a review of the project after successful checkout?

Who is responsible for normal operations?

Are there shifts to manage the spacecraft?

Who or what interfaces between MidSTAR-1 and the owners of the experiments?

Who provides support?
4.2.4 Contingency Operations
	Anomaly/Problem
	Approach

	1.  Safe Modes
	

	2. C&DH Failure


	-Reboot

	3.  EPS Failure
	-Reboot

	4.  Solar Panel Failure
	-

	
	


4.2.5  MIDN Operations


The instrument will be operated and controlled from the USNA ground station via the MIDSTAR team with telemetry being received by the same facility.


The person in charge of the operations and telemetry downloading will be Professor Pisacane who will nominally download the telemetry every 2-3 days and monitor the satellite.  This must be done no later then 4.5 days to ensure no loss of data due to exceeding the memory allocated to data.


12 Commands are expected to be received from the C&DH system


Are these commands known by the C&DH system and does the ground station know that they must account for the use of the 12 commands?
