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1 Scope

The purpose of this Unique Instrument Interface Document (UIID) is two-fold.  The first is to allocate the resources of the GOES-R series spacecraft to the Hyperspectral Environmental Suite (HES).  The second is to document Government-approved constraints on instrument operation and deviations or waivers to the GOES-R Instrument Interface Document (GIID).  The spacecraft integrating contractor and the HES contractor shall meet each of their respective interface requirements as defined in this document.

The government will be the system integrator until a system performance contractor or spacecraft contractor with that responsibility is selected.  Until that time, the government will be responsible for accommodation trades, resource allocation (weight, power, space, bandwidth, etc.), and resolving interface issues.  This UIID will govern the development of an Interface Control Document (ICD) which will be a joint activity of the HES and spacecraft contractors.  

The HES ICD establishes the details of the electrical, communications, mechanical, thermal, integration and test, and command and data handling (C&DH) interfaces between the HES instrument and the GOES-R spacecraft.  After the ICD is signed and approved by all parties, the spacecraft contractor shall maintain the ICD.

1.1 Document Overview

Together, the GIID and the HES UIID establish the HES-spacecraft interface requirements.  The GIID applies to all GOES-R instruments while the HES UIID is specific to the HES.  Section 1 explains how to use this document.  Section 2 lists related GOES-R documents.  Section 3 of the UIID allocates spacecraft resources, such as mass, power, and data rate, to the HES instrument.  Section 4 contains government-accepted constraints requested by the contractor.  Section 5 contains government-accepted deviations from the GIID.  

1.2 Conflicts

Within the hierarchy of GOES-R spacecraft documentation, the HES Performance and Operational Requirements Document (PORD) takes precedence over the UIID, and the UIID takes precedence over the GIID.  In the event of a conflict between the UIID and the PORD, the PORD shall supersede the UIID. In the event of a conflict between the GIID and the UIID, the UIID shall supersede the GIID.  In the event of any other unresolved conflict, the National Aeronautics and Space Administration (NASA) contracting officer shall determine the order of precedence. 

1.3 Missing requirements

This document contains all performance requirements for the sensor except those labeled “TBD”, “TBS”, and “TBR”. The term “TBD” (To Be Determined) means that the contractor should determine the missing requirement in coordination with the government. The term “TBS” (To Be Specified) indicates that the government will supply the missing information in the course of the contract. The term “TBR” (To Be Reviewed) implies that the requirement is subject to review for appropriateness by the contractor or the government. The government may change “TBR” requirements in the course of the contract.

1.4 Requirements Weighting

The requirements in this document are not of equal importance or weight.  
· “Shall” designates the highest weighting, i.e. mandatory.  Any deviations from these contractually imposed mandatory requirements require the approval of the NASA contracting officer.

· “Should” designates an intermediate weighting, i.e. not mandatory.  Unless required by other contract provisions, noncompliance with the should requirements does not require contracting officer approval, but shall require documented technical substantiation.

· “Will” designates a lower weighting level.  The will requirements indicate the intent of the Government and are often stated as examples of acceptable designs, items and practices.  Unless required by other contract provisions, noncompliance with the will requirements does not require approval of the NASA contracting officer and does not require documented technical substantiation.

· “May” designates the lowest weighting level.  It is a requirement that is a possibility and is at the discretion of the Government or contractor.

2 Applicable Documents

The following documents are for reference and do not form part of this specification.  

	Document Number
	Title

	NASA-GSFC xxx-xx-xx-xx 

(TBS)  March 2003
	GOES Hyperspectral Environmental Suite (HES) Performance and Operational Requirements Document (PORD)

	NASA-GSFC xxx-xx-xx-xx  

(TBS)  March 2003
	GOES-R Instrument Interface Document (GIID)

	NASA-GSFC xxx-xx-xx-xx  

(TBS)  March 2003
	GOES-R Mission Assurance Requirements for the GOES-R Series Instruments (MAR)

	NASA-GSFC xxx-xx-xx-xx

(TBS)  March 2003
	GOES-R Resource Allocation Document (RAD)


Allocations

The GOES-R spacecraft shall accommodate the HES instruments.  The resources allocated to the instruments are defined in the following paragraphs.  Unless otherwise noted, allocations are for the entire instrument suite.

2.1 Command and Data Handling

2.1.1 Instrument-to-Spacecraft Data Volume

The instrument-to-spacecraft bit volume in a 60-minute period shall not exceed 234 billion (109) bits (TBR) for the Disk Sounder (DS) and 9.36 billion (109) bits (TBR) for the Coastal Waters (CW) instrument.

2.1.2 Science Data Source Packet Definitions

The science data packet sizes, contents and structures, and virtual channel and APID assignments shall be documented in the spacecraft to instrument ICD.  

2.1.3 Telemetry Data Rate

Engineering and calibration telemetry source packets shall be collected by the spacecraft at 1 packet per second (TBR).

2.1.4 Telemetry Packet Definitions

Telemetry packet sizes, contents and structure, and APID assignments shall be documented in the ICD.

2.2 Power

2.2.1 Average Power

Total instrument power averaged over any 1-hour (TBR) period shall not exceed be 450 watts (TBR) for the Disk Sounder and 100 watts (TBR) for the Coastal Waters instrument.

2.2.2 Peak Power

Instrument peak power consistent with the GOES-R EMC Plan shall not exceed 495 watts (TBR) for the Disk Sounder and 110 watts (TBR) for the Coastal Waters instrument

2.2.3 Survival Heater Power

Survival heater power shall not exceed 240 watts (TBR) for the Disk Sounder and 50 watts (TBR) for the Coastal Waters instrument. 

2.3 Mechanical

The requirements in this section apply to the structural and mechanical components of the instrument flight modules (sensor module, electronics module and, if applicable, auxiliary electronics module).

2.3.1 Mass Properties 

The total instrument mass including all modules and cabling shall not exceed 200 kilograms (TBR) for the Disk Sounder and 80 kilograms (TBR) for the Coastal Waters instrument.

2.3.2 Volume

The instrument flight module dimensions including mounts, thermal blankets and connectors for both stowed and operational configurations shall not exceed the limits listed in Table 3.3.2.  (See also Figure 3.3.2.)
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Figure 3.3.2 Instrument Volume

Table 3.3.2 Instrument Module Envelopes (TBR)

	Component
	Width

(m)
	Height

(m)
	Depth

(m)

	DS Sensor Module*
	1.5
	1.3
	1.0

	DS Electronics Module
	0.4
	0.2
	0.5

	CW Instrument *
	1.0
	1.0
	1.0

	* For these components, width is E/W or X; height is N/S or Y; depth is Nadir or Z.


2.3.3 Fields-of-view

2.3.3.1 Optical port

The spacecraft design shall provide both the Disk Sounder and Coastal Waters sensor modules with an unobstructed field-of-view within 65o of nadir as seen from the outer edges of the optical port or any optical port sunshield if used.  (See Figure 3.3.3.1.)

Figure 3.3.3.1 Optical Port Field-of-View


2.3.3.2 Disk Sounder Radiator

The spacecraft shall provide a field-of-view to space from the entire north face of the Disk Sounder sensor module for radiant cooling#.  (See Figure 3.3.2.) 

2.3.3.3 Coastal Waters Radiator

The spacecraft shall provide a field-of-view to space from the entire north or south face of the Coastal Waters instrument for radiant cooling#.  (See Figure 3.3.2.) 

2.3.3.4 DS Electronics Dissipation

The DS electronics module shall conductively pass its dissipated heat through the mechanical interface to the spacecraft. 

2.4 Instrument-to-Spacecraft Disturbances

The requirements of this section apply while the instrument is in orbit and operating.

2.4.1 Predictions of Instrument-Induced Spacecraft Motions

2.4.1.1 Response Time History

The instrument contractor shall compute time history responses resulting from sensor module operations.  

2.4.1.2 Required Responses

The responses shall include spacecraft pointing error displacements, rates and at each mount linear accelerations for the spacecraft side of the sensor module interface.

2.4.1.3 Response Limits

The responses shall comply with the sensor module contributed limits defined in section 3.4.2 Instrument-Induced Spacecraft Motion Limits.

2.4.1.4 Response Prediction

The computation of the responses shall include using math models of the spacecraft supplied by the spacecraft contractor. 

2.4.1.5 Model Fidelity

The math models supplied by the spacecraft contractor shall include spacecraft vibrational dynamics and attitude control.

2.4.1.6 Interim Models

Prior to obtaining math models from the spacecraft contractor, the instrument contractor shall compute the responses by using the Laplace domain transfer functions in equations 3.4.3-1 through 3.4.3-3 and the parameters in tables 3.4.3-1 through 3.4.3-3.

Filtering the sensor module torque time history in newton-meter units with equation 3.4.3-1 estimates the spacecraft pointing error displacement in radian units. Filtering with equation 3.4.3-2 estimates the spacecraft pointing error rate in radians per second units.  Filtering with equation 3.4.3-3 estimates the spacecraft linear acceleration at a mount in meters per second units.  When filtering roll axis torques with equations 3.4.3-1 through 3.4.3-3, use Table 3.4.3-1 parameters.  When filtering pitch, use Table 3.4.3-2. When filtering yaw, use Table 3.4.3-3.  Equation 3.4.3-1 is plotted in Figure 3.4.3 for roll, pitch and yaw.
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Table 3.4.3-1 Roll Torque and X-Axis Rotation Parameters

	a (m)
	n
	i
	fi  (Hz)
	i  (%)
	Ji (kg-m2)

	1.5
	12
	1
	0.01
	30.0
	4721

	
	
	2
	0.40
	0.1
	10733

	
	
	3
	1.34
	0.1
	59081

	
	
	4
	1.92
	0.1
	34514

	
	
	5
	13.24
	0.1
	972

	
	
	6
	16.54
	0.1
	732

	
	
	7
	23.56
	0.1
	3468

	
	
	8
	30.55
	0.1
	5017

	
	
	9
	30.91
	0.1
	2975

	
	
	10
	31.00
	0.1
	1313

	
	
	11
	31.17
	0.1
	1204

	
	
	12
	39.36
	0.1
	25821


Table 3.4.3-2 Pitch Torque and Y-Axis Rotation Parameters

	A (m)
	n
	i
	fi  (Hz)
	I  (%)
	Ji  (kg-m2)

	1.5
	9
	1
	0.01
	30.0
	3203

	
	
	2
	1.35
	0.1
	89061

	
	
	3
	13.24
	0.1
	820

	
	
	4
	16.54
	0.1
	1620

	
	
	5
	23.56
	0.1
	985

	
	
	6
	30.55
	0.1
	55722

	
	
	7
	30.91
	0.1
	8377

	
	
	8
	31.00
	0.1
	3897

	
	
	9
	31.17
	0.1
	6104


Table 3.4.3-3 Yaw Torque and Z-Axis Rotation Parameters

	a (m)
	n
	i
	fi (Hz)
	I  (%)
	Ji  (kg-m2)

	1.5
	5
	1
	0.01
	30.0
	4873

	
	
	2
	0.64
	0.1
	10001

	
	
	3
	1.35
	0.1
	76471

	
	
	4
	31.00
	0.1
	45578

	
	
	5
	39.36
	0.1
	73013


Figure 3.4.3 Torque-to-Spacecraft Pointing Error Transfer Function 
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2.4.2 Uncompensated Torque and Momentum Limits

2.4.2.1 Torque

The sum of the magnitude of the instrument sensor module uncompensated torques and the magnitude of its uncompensated linear forces multiplied by a lever arm of 2 meters shall not exceed 1.0 newton-meter.
2.4.2.2 Angular Momentum

The magnitude of the instrument sensor module’s uncompensated angular momentum shall not exceed 1.0 newton-meter-second.

2.4.3 Instrument-Induced Spacecraft Motion Limits

2.4.3.1 Pointing Error

For each orthogonal axis on the spacecraft side of the sensor module interface, the operation of the sensor module shall contribute less than 100 microradians to the total spacecraft attitude pointing error.  

2.4.3.2 Angular Rate Error

For each orthogonal axis on the spacecraft side of the sensor module interface, the operation of the sensor module shall contribute less than 40 microradians per second in magnitude to the total spacecraft pointing error rate when the total rate is filtered by at least a fourth order low pass Butterworth filter cutting off frequencies above 15 Hz.  

2.4.3.3 Acceleration Error

For each orthogonal axis on the spacecraft side of each sensor module mount, the operation of the sensor module shall contribute less than the magnitude limits specified in Table 3.4.2 to the total linear acceleration when the total acceleration is filtered by at least an eighth order band pass Butterworth filter passing frequencies between f1 and f2.  

Table 3.4.2  Instrument-to-Spacecraft Linear Acceleration Limits

	f1  (Hz)
	f2  (Hz)
	Peak Limit  (mg)

	0.0
	512.0
	6.0

	0.9
	10.1
	0.6

	6.3
	32.0
	0.1

	20.2
	101.6
	0.6

	64.0
	322.5
	2.8

	203.2
	512.0
	5.6


Constraints

In order to ensure proper instrument performance or to prevent possible instrument damage, the following Government-approved constraints are imposed by the instrument developer on spacecraft integration and test activities, including launch, activation and operations.  

No constraints have been identified at this time.

3 Deviations / Waivers

This section identifies GOES-R Instrument Interface Document (GIID) requirements that the government has relaxed or waived for this instrument.  Where appropriate, corresponding GIID paragraph titles and numbers are identified in parentheses.

There are no deviations or waivers at this time.

 -  Acronyms
APID


application process identification

C&DH


command and data handling

CCR


configuration change request

CCSDS


Consultative Committee for Space Data Systems

CW


Coastal Waters

DS


Disk Sounder

GIID


GOES-R Instrument Interface Document

GOES


Geostationary Operational Environmental Satellite

GSFC


Goddard Space Flight Center

HES


Hyperspectral Environmental Suite

Hz


hertz

ICD


Interface Control Document

IR


infrared

kg


kilogram

m


meter

MAR


Mission Assurance Requirements Document

mg


milli-g’s (g is gravitational acceleration at Earth surface)

NASA


National Aeronautics and Space Administration

NESDIS

National Environmental Satellite Data and Information Service

NOAA


National Oceanic and Atmospheric Administration

OSD


Office of Systems Development

POES


Polar Operational Environmental Satellite

PORD


Performance and Operation Requirements Document

RAD


Resource Allocation Document

SOW


Statement of Work

TBD


to be determined by the contractor

TBR


to be reviewed by the contractor or the government

TBS


to be supplied by the government

UIID


Unique Instrument Interface Document

Appendix A. – Allocation Rationale Matrix

	UIID Spec. Req.
	Title
	Rationale

	3.1.1
	Instrument-to-Spacecraft Data Volume


	HES RFI Attachments                              13 January 2003

	3.1.2
	Science Data Source Packet Definitions
	TBS

	3.1.3
	Telemetry Data Rate
	TBS

	3.1.4
	Telemetry Packet Definitions
	TBS

	3.2.1
	Average Power
	HES RFI Attachments                              13 January 2003

	3.2.2
	Peak Power
	TBS

	3.2.3
	Survival Heater Power
	TBS

	3.3.1                                       
	Mass Properties
	HES RFI Attachments                              13 January 2003

	3.3.2
	Volume
	ibid.

	3.3.3.1
	Optical Port Field-of-View
	TBS

	3.3.3.2
	Radiant Cooler Field-of-View
	TBS

	3.4.1.1
	Response Time History
	Memo from D. Early to J. Criscione  Instrument Disturbance Limits               18 December 2002

	3.4.1.2
	Required Responses
	ibid.

	3.4.1.3
	Response Limits
	ibid.

	3.4.1.4
	Response Prediction
	ibid.

	3.4.1.5
	Model Fidelity
	ibid.

	3.4.1.6
	Interim Models
	ibid.

	3.4.2.1
	Torque Limits
	ibid.

	3.4.2.2
	Angular Momentum Limits
	ibid.

	3.4.3.1
	Pointing Error
	ibid.

	3.4.3.2
	Angular Rate Error
	ibid.

	3.4.3.3
	Acceleration Error
	ibid.
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