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[bookmark: _Toc474913683]IntroductionThis Standard is intended to support the variety of space borne gyros either available or under development, with the exception of the gyros used for the launch vehicles. Single-axis units are fully covered by this Standard and multiple-axes units are partially covered for axis level terminology, functional and performance specifications.
This standard defines the terminology and specifications for the functions and performance of gyros used on spacecraft. It focuses on the specific topics to be found in the gyros procurement specification documents and is intended to be used as a structured set of systematic provisions.
This standard is split in three main clauses:
Terminology (clause 3)
Functional requirements (clause 4)
Performance requirements (clause 5)
This standard does not contain textbook material on gyro technology. The readers and the users are assumed to possess general knowledge of gyro technology and its applications to space missions.
[bookmark: _Toc486757421][bookmark: _Ref114541756][bookmark: _Toc179079150][bookmark: _Toc214425294][bookmark: _Ref346185592][bookmark: _Toc426568705][bookmark: _Toc437473775][bookmark: _Toc439944146][bookmark: _Toc439944218][bookmark: _Toc474913684]
Scope
This Standard specifies gyros functions and performances as part of a space project. This Standard covers aspects of functional and performance requirements, including nomenclature, definitions, functions and performance metrics for the performance specification of space-borne gyros.
The Standard focuses on functional and performance specifications with the exclusion of mass and power, TM/TC interface and data structures. The Standard provides a general set of functional and performance specifications which are not depending on a particular gyro technology.
The requirements verification by test can be performed at qualification level only or also at acceptance level. It is up to the supplier, in agreement with the customer, to define the relevant verification approach in the frame of a specific procurement, in accordance with clause 5.2 of ECSS-E-ST-10-02.
The present standard does not cover gyro use for launch vehicles.
This standard may be tailored for the specific characteristics and constraints of a space project in conformance with ECSS-S-ST-00.
[bookmark: _Toc414331814][bookmark: _Toc179079151][bookmark: _Toc214425295][bookmark: _Toc426568706][bookmark: _Toc437473776][bookmark: _Toc439944147][bookmark: _Toc439944219][bookmark: _Toc474913685]
Normative references
The following normative documents contain provisions which, through reference in this text, constitute provisions of this ECSS Standard. For dated references, subsequent amendments to, or revision of any of these publications, do not apply. However, parties to agreements based on this ECSS Standard are encouraged to investigate the possibility of applying the more recent editions of the normative documents indicated below. For undated references, the latest edition of the publication referred to applies.

	ECSS-S-ST-00-01
	ECSS system - Glossary of terms
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Terms, definitions and abbreviated terms
[bookmark: _Toc191723611][bookmark: _Toc214425297][bookmark: _Toc426568708][bookmark: _Toc437473778][bookmark: _Toc439944149][bookmark: _Toc439944221][bookmark: _Toc474913687]Terms from other standards
For the purpose of this Standard, the terms and definitions from ECSS-S-ST-00-01 apply, in particular the following terms:
acceptance
assembly
availability
configuration
failure
lifetime
performance
qualification
redundancy
[bookmark: _Toc191723612][bookmark: _Toc214425298][bookmark: _Toc426568709][bookmark: _Toc437473779][bookmark: _Toc439944150][bookmark: _Toc439944222][bookmark: _Toc474913688]Terms specific to the present standard
alignment reference frame (ARF)
frame that is fixed with respect to the gyro external optical cube where and whose origin is defined unambiguously with reference to the gyro external optical cube
1	The X, Y and Z axes of the ARF are a right-handed orthogonal set of axes which are defined unambiguously with respect to the normal of the faces of the external optical cube. Figure 3‑1 schematically illustrates the definition of the ARF.
2	If the optical cube’s faces are not perfectly orthogonal, the X‐axis can be defined as the projection of the normal of the X‐face in the plane orthogonal to the Z‐axis, and the Y‐axis completes the RHR.
3	The ARF is the frame used to align the sensor during integration.
4	This definition does not attempt to prescribe a definition of the ARF, other than it is a frame fixed relative to the physical geometry of the sensor optical cube.
5	This term is defined in the present standard with a different meaning than in ECSS-E-ST-60-20. The term with the meaning defined herein is applicable only to the present standard.


[bookmark: _Ref426568369][bookmark: _Toc179078568][bookmark: _Toc214425369][bookmark: _Toc437473849][bookmark: _Toc439944614][bookmark: _Toc439949019][bookmark: _Toc474913758]Figure 3‑1: Example alignment reference frame
angle quantisation error
noise due to the discrete nature of the gyro internal processing and digital nature of the output
The angle quantisation noise has the same asymptotic behaviour than the AWN on Allan variance and PSD plots.
angular increment
angular rotation between two user requests or two consecutive gyro outputs
angular random walk (ARW)
white noise on the gyro rate output whose asymptotic behaviour corresponds to a -1 slope on the rate Allan variance plot, to a -1/2 slope on the rate Allan variance standard deviation plot and to a flat slope on the rate PSD plot
The plots are presented in log/log scale.
angular rate
time-rate of change of angular position of a rotating body
angular white noise (AWN)
white angle noise whose asymptotic behaviour corresponds to a -2 slope on the rate Allan variance plot, to a -1 slope on the rate Allan variance standard deviation plot and to a +2 slope on the rate PSD plot
The plots are presented in log/log scale.
anti-aliasing filter
filter implemented in the gyro in order to avoid the aliasing of the high frequency motion of the spacecraft input signal
bias
gyro measurement errors that are non-stochastic and not input rate dependant, computed as the average of the rate error value over a defined time period
This term is defined in the present standard with a different meaning than in ECSS-E-ST-60-20. The term with the meaning defined herein is applicable only to the present standard.
bias instability
low frequency noise component corresponding to flat slope on the rate Allan variance standard deviation plot and to a -1 slope on the rate PSD plot
1	The plots are presented in log/log scale.
2	Rate bias instability is also called rate flicker noise or pink rate noise.
calibration
set of activities based on a set of tests allowing to characterise the gyro non-random performance and, when relevant, to define the compensation parameters used to improve the performance
This term is defined in the present standard with a different meaning than in ECSS-S-ST-00-01. The term with the meaning defined herein is applicable only to the present standard.
configuration status
telemetry word indicating the states of the gyro tuneable settings 
The configuration status scope is typically defined by the gyro supplier.
cumulated angular increments
summation of angular increments
cumulated increments data output do not correspond to an angular rotation between two requests but to a cumulated angular rotation. The customer typically manages the overflow. The use of cumulated angular increments is robust to transient data transmission losses.
deadband
input rotation range inside which the gyro output variation is less than a specified value of the movement applied variation
The specified value is normally expressed as a percentage of the movement applied variation.
frequency bandwidth
frequency range over which the sensor has the ability to provide a measurement of the signal
frozen outputs
situation occurring when the gyro output is erroneously identical over several measurement acquisitions despite variation of the input signal
health status
telemetry word which contains the gyro internal monitoring survey results
The internal monitoring survey parameters are defined by the gyro supplier.
input axis misalignment
angular error between the real sensing axis and the gyro reference sensing axis
input range
interval of input values to the unit for which specified performance is achieved
mechanical reference frame (MRF)
frame where the origin and axes are defined unambiguously with reference to the mounting interface plane of the gyro
1	For example the Z-axis of the MRF is defined to be perpendicular to the mounting interface plane, which is the recommended convention. The X and Y axes of the MRF are defined to lie in the mounting plane such as to form an orthogonal right hand rule reference frame (RHR) with the MRF Z‐axis.
2	Figure 3‑2 schematically illustrates the definition of the MRF.
3	If the gyro consists of several units, each unit has its own MRF.
4	This term is defined in the present standard with a different meaning than in ECSS-E-ST-60-20. The term with the meaning defined herein is applicable only to the present standard.


[bookmark: _Ref439672142][bookmark: _Toc214425372][bookmark: _Toc437473848][bookmark: _Toc439944613][bookmark: _Toc439949018][bookmark: _Toc474913759]Figure 3‑2: mechanical reference frame (MRF)
multiple-axis configuration
gyro configuration with several sensing axes on the same mechanical structure and oriented along different directions, physically defined w.r.t. the mechanical reference frame (MRF) or the alignment reference frame (ARF)
noise
high frequency or short duration errors
1	Noise measurements and noise model characterization can be done at various temperatures. However, during noise measurement, gyro channel environmental temperature is assumed identical within a specified temperature range.
2	This term is defined in the present standard with a different meaning than in ECSS-E-ST-32-11. The term with the meaning defined herein is applicable only to the present standard.
rate random walk (RRW)
white angular acceleration noise whose asymptotic behaviour corresponds to a +1 slope on the rate Allan variance plot, to a +1/2 slope on the rate Allan variance standard deviation plot and to a -2 slope on the rate PSD plot
The plots are presented in log/log scale.
repeatability
degree of closeness of test results taken during different periods of operations
1	For instance before and after thermal cycles and other environmental exposures, between power cycles and according to time between runs. Unless otherwise specified, measurements are carried-out in the same environmental conditions (in particular, gyro channel environmental temperature being assumed identical within a specified temperature range).
2	This term is defined in the present standard with a different meaning than in ECSS-E-ST-35 and ECSS-Q-ST-20. The term with the meaning defined herein is applicable only to the present standard.
scale factor error
gyro measurement errors that are non-stochastic and dependent on the rate applied on the input axis
scale factor non linearity
deviation of the output from a reference scale factor, over a given input range
the scale factor non linearity can be determined, for example, by a least square linear fit of the input/output data.
scale factor non linearity error
residual errors after compensation of the scale factor non linearity component
sensing reference frame (SRF)
physical reference frame in which individual gyro axes outputs are provided 
1	In case of a single-axis configuration, the sensing axis is the Z-axis of the SRF.
2	The sensing axis alignment w.r.t. the reference frame (either MRF or ARF) is defined either by the unitary vector of the ZSRF expressed in the reference frame or by the transfer matrix between the SRF and the reference frame.
3	The sensing axis misalignments are the angular projections of the true Z sensing axis on the X_SRF and Y_SRF. Misalignment errors are expressed as half-cone errors, i.e. root-sum square of both projections.
sensitivity
variation induced by a given environmental change, all other environmental conditions being assumed unchanged and gyro channel being in continuous operation
An environmental change can be, for example, a change in temperature.
single-axis configuration
gyro configuration with only one sensing axis
stability
variation over a defined time period during which the gyro channel is continuously submitted to specific operating conditions
Unless otherwise specified, measurements are carried-out in the same environmental conditions (in particular, gyro channel environmental temperature being assumed identical within a specified temperature range).
start-up phase
time interval between the switch-on of the gyro unit and the presence of a valid output of the gyro that is fulfilling the pertaining performance requirements
An example of Start-up and Warm-up phases is given in Figure 4‑1.
stimulation
function that allows to inject a simulated dynamic angular profile to the gyro for ground test purposes
validity flag
flag that indicates whether the gyro measurement output is valid for use
warm-up duration
time interval between the switch-on of the gyro unit and the time when the full nominal performances are achieved
An example of Start-up and Warm-up phases is given in Figure 4‑1.
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For the purpose of this Standard, the abbreviated terms from ECSS-S-ST-00-01 and the following apply:
	Abbreviation
	Meaning

	ARF
	alignment reference frame

	ARW
	angular random walk

	AWN
	angular white noise

	BOL
	beginning-of-life

	DRD
	document requirements definition

	EGSE
	electrical ground support equipment

	EOL
	end-of-life

	FMM
	functional mathematical model

	HK
	housekeeping

	MRF
	mechanical reference frame

	PPM
	parts per million (10-6)

	PSD
	power spectral density

	RHR 
	right hand rule

	RRW
	rate random walk

	SEE
	single event effect

	SRF
	sensing reference frame

	TM
	telemetry

	w.r.t.
	with respect to
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Functional requirements
[bookmark: _Hlt23647949][bookmark: _Toc437473782][bookmark: _Toc439944153][bookmark: _Toc439944225][bookmark: _Toc474913691]Overview
The gyro functional requirements address the following features:
Operating modes and transient behaviours
Timing aspects
Lifetime and duty cycle
Alignment and scale factor
Commandability and observability
Anti-aliasing
Stimulation
The list of unit functional requirements is not exhaustive and generic functional requirements (such as redundancy and reliability) are also considered in the frame of a gyro requirements specification.
The requirements listed in clause 4 can be complemented, as needed, with requirements found in ECSS-E-ST-10, ECSS-E-ST-10-03, ECSS-E-ST-60-30 and ECSS-E-ST-70-11.
[bookmark: _Toc426568713][bookmark: _Toc437473783][bookmark: _Toc439944154][bookmark: _Toc439944226][bookmark: _Toc474913692]Operating modes
[bookmark: _Toc437473784][bookmark: _Toc439944155][bookmark: _Toc439944227][bookmark: _Toc474913693]Operating modes functional requirements
The gyro shall provide a Measurement Mode.
The TM data provided by the unit shall unambiguously report when the gyro has switched from Start-Up Mode to Measurement Mode.
The gyro shall perform a health-check at the end of the initialization phase.
The health check shall comprise, as a minimum:
communications
memories
processor function
detector function
The detector function is a support for failure diagnosis.
The gyro shall be capable to autonomously enter the measurement mode after power on.
It shall be possible to power off the gyro at any time and in any mode of operation without causing any damage to it.
The customer shall specify the transitions between the gyro operational modes and phases and the transient behaviours.
A mode status shall be present in the housekeeping data.
A reset capacity shall be available and commonly defined by the supplier and the customer.
[bookmark: _Toc437473785][bookmark: _Toc439944156][bookmark: _Toc439944228][bookmark: _Toc474913694]Operating modes verification requirement
[bookmark: _Toc426568714]The operating mode requirements shall be verified by test during qualification and acceptance tests.
[bookmark: _Toc437473786][bookmark: _Toc439944157][bookmark: _Toc439944229][bookmark: _Toc474913695]Start-up 
[bookmark: _Toc437473787][bookmark: _Toc439944158][bookmark: _Toc439944230][bookmark: _Toc474913696]Start-up functional requirements
The gyro channels shall provide valid inertial data on the interface bus after switch-on of the equipment within the maximum specified duration for any angular rate within its input range.
The start-up performance specified in clause 5.4.7 shall be achieved within the maximum specified duration after switch-on.
1	For some gyros, the start-up performances are reached at the time the validity bit is set.
2	An example of start-up is given in Figure 4‑1.
[bookmark: _Toc437473788][bookmark: _Toc439944159][bookmark: _Toc439944231][bookmark: _Toc474913697]Start-up verification requirements
The start-up duration shall be measured by external means.
The start-up requirement shall be tested over the whole range of operational temperatures and dynamics.
[bookmark: _Toc410398314][bookmark: _Toc426568715][bookmark: _Toc437473789][bookmark: _Toc439944160][bookmark: _Toc439944232][bookmark: _Toc474913698]Warm-up
[bookmark: _Toc437473790][bookmark: _Toc439944161][bookmark: _Toc439944233][bookmark: _Toc474913699]Warm-up functional requirements
The warm-up performance specified in clause 5.4.8 shall be achieved within a maximum duration after switch-on.
[bookmark: _Toc437473791][bookmark: _Toc439944162][bookmark: _Toc439944234][bookmark: _Toc474913700]Warm-up verification requirements
The warm-up duration shall be measured by external means.
The warm-up requirements shall be tested over the whole range of operational temperatures and dynamics.
[image: ]
[bookmark: _Ref439672068][bookmark: _Toc437473850][bookmark: _Toc439944615][bookmark: _Toc439949020][bookmark: _Toc474913760]Figure 4‑1: Example of Start-up and Warm-up phases
[bookmark: _Toc426568716][bookmark: _Toc437473792][bookmark: _Toc439944163][bookmark: _Toc439944235][bookmark: _Toc474913701]Time and frequency, datation and synchronisation
[bookmark: _Toc437473793][bookmark: _Toc439944164][bookmark: _Toc439944236][bookmark: _Toc474913702][bookmark: _Ref479074681]Time and frequency functional requirements
The gyro shall be capable to perform measurements together with the associated validity check and the sampling of housekeeping data at a frequency to be specified by the customer.
The sampling frequency is between some Hz and some tens of Hz depending on the application.
The data output of each gyro channel shall have its own date measurement related to a clock reference.
The clock reference can be either internal or external.
If a time tag counter is used, it shall not be reset after each reading. 
This implies that the counter overflow is managed at user element level.
The output data shall be time tagged during data collection by the means of a frame counter or a time stamp.
The unit shall be able to work either in synchronous mode or in continuous mode. 
When working in continuous mode, a time correlation mechanism shall be available to relate the gyro measurement date with the on-board time.
When working in synchronous mode, the angular inertial data measurement acquisition shall be synchronized with the external interrogation signal.
The angular inertial data measurements made available by the equipment are frozen.
When the gyro is working in synchronous mode, the external interrogation signal shall have an accuracy as specified in clause 5.4.6.
When the gyro is working in synchronous mode, the equipment shall offer also the possibility to choose the synchronisation signal amongst two options: 
a synchronisation signal on the chosen data interface - broadcast or unicast on the data Bus or dedicated command on serial link-, or 
a pulse on a synchro link interface.
[bookmark: _Toc437473794][bookmark: _Toc439944165][bookmark: _Toc439944237][bookmark: _Toc474913703]Time and frequency verification requirements
The requirements of 4.5.1 shall be verified by test with an external clock reference.
[bookmark: _Toc426568717][bookmark: _Toc437473795][bookmark: _Toc439944166][bookmark: _Toc439944238][bookmark: _Toc474913704]Alignment and scale factor
[bookmark: _Toc437473796][bookmark: _Toc439944167][bookmark: _Toc439944239][bookmark: _Toc474913705]Alignment and scale factor functional requirements
A transformation matrix shall be provided by the supplier.
The transformation matrix shall transform the sensitive axis/axes of each gyro unit into the reference frame, or frames. 
The reference frame can be either MRF or ARF.
Scale factor of the gyro channels shall be positive when a positive rotation is applied around the sensing axis.
1	Positive scale factor means that angular increment is positive or cumulated angular increments output increases.
2	The positive rotation is intended in a trigonometric sense.
[bookmark: _Toc437473797][bookmark: _Toc439944168][bookmark: _Toc439944240][bookmark: _Toc474913706]Alignment and scale factor verification requirements
The verification method of alignment and scale factor shall be proposed by the supplier for customer approval.
The transformation matrix w.r.t. the mechanical reference frame shall be measured before and after all the environmental tests performed during the qualification and acceptance phases.
The transformation matrix measured during the acceptance phase shall be delivered to the customer. 
The customer shall choose the transformation matrix reference frame.
The reference frame can be either a mechanical reference frame or an alignment reference frame.
[bookmark: _Toc426568718][bookmark: _Toc437473798][bookmark: _Toc439944169][bookmark: _Toc439944241][bookmark: _Toc474913707]Commandability and observability
[bookmark: _Toc437473799][bookmark: _Toc439944170][bookmark: _Toc439944242][bookmark: _Toc474913708]Commandability and observability functional requirements
The gyro shall provide in its periodic housekeeping data all the data required for the monitoring and execution of all nominal and foreseen contingency operations throughout the entire mission lifetime.
The gyro shall allow for on-request housekeeping data acquisition.
[bookmark: _Toc437473800][bookmark: _Toc439944171][bookmark: _Toc439944243][bookmark: _Toc474913709]Commandability and observability verification requirements
The verification test shall be performed with a test set-up representative of the interface requirements specified by the customer
[bookmark: _Toc410398319][bookmark: _Toc426568719][bookmark: _Toc437473801][bookmark: _Toc439944172][bookmark: _Toc439944244][bookmark: _Toc474913710]Failure diagnosis
[bookmark: _Toc437473802][bookmark: _Toc439944173][bookmark: _Toc439944245][bookmark: _Toc474913711]Failure diagnosis functional requirements
The unit shall provide information in the housekeeping data allowing, in real time:
detection of a single failure potentially degrading the measurement performances, or 
gyro loss of functionality.
An analysis of the possible failures covered by the health status shall be provided.
[bookmark: _Toc437473803][bookmark: _Toc439944174][bookmark: _Toc439944246][bookmark: _Toc474913712]Failure diagnosis verification requirements
The verification method for failure diagnosis shall be proposed by the supplier and agreed with the customer.
During the gyro test, the health status and the occurrence of false alarms on failure detection shall be continuously monitored. 
[bookmark: _Toc426568720][bookmark: _Toc437473804][bookmark: _Toc439944175][bookmark: _Toc439944247][bookmark: _Toc474913713]Measurement mode
[bookmark: _Toc437473805][bookmark: _Toc439944176][bookmark: _Toc439944248][bookmark: _Toc474913714]Measurement mode functional requirements
The measurement mode shall provide:
measurement data, including an angular rate, an angular increment or a cumulated angular increment,
a health status,
a data validity flag, and
a timetag.
The gyro shall output a temperature measurement.
If internal filtering or compensation is applied to the measurement, both raw and filtered or compensated data shall be provided.
The measurement bandwidth shall be specified for each of the following outputs:
angular rate, unfiltered or filtered, or
an angular increment, unfiltered or filtered, or
a cumulated angular increment, unfiltered.
For further details, see clause 5.4.9.
[bookmark: _Toc437473806][bookmark: _Toc439944177][bookmark: _Toc439944249][bookmark: _Toc474913715]Measurement mode verification requirements
The measurement mode functional requirements shall be verified by test.
[bookmark: _Toc426568721][bookmark: _Toc437473807][bookmark: _Toc439944178][bookmark: _Toc439944250][bookmark: _Toc474913716]Auxiliary modes
[bookmark: _Toc437473808][bookmark: _Toc439944179][bookmark: _Toc439944251][bookmark: _Toc474913717]Auxiliary modes functional requirements
The gyro shall provide a Test mode. 
The use of the Test mode for the unit in-flight shall be specified if necessary.
The gyro shall provide a Programmable mode. 
The in-flight protection against misuse of these Test and Programmable modes shall be implemented in agreement with the user specification.
[bookmark: _Toc437473809][bookmark: _Toc439944180][bookmark: _Toc439944252][bookmark: _Toc474913718]Auxiliary modes verification requirements
The auxiliary modes functional requirements shall be verified by test.
[bookmark: _Toc426568722][bookmark: _Toc437473810][bookmark: _Toc439944181][bookmark: _Toc439944253][bookmark: _Toc474913719]Anti-aliasing filter
[bookmark: _Toc437473811][bookmark: _Toc439944182][bookmark: _Toc439944254][bookmark: _Toc474913720]Anti-aliasing functional requirements
The equipment shall implement an anti-aliasing filter.
The anti-aliasing filter frequency shall be defined by the customer.
Anti-aliasing filter performances are defined in clause 5.4.10. 
If using an anti-aliasing filter which can be disabled, performance shall be evaluated with and without the filter so that both raw and filtered outputs satisfy the performance requirements.
[bookmark: _Toc437473812][bookmark: _Toc439944183][bookmark: _Toc439944255][bookmark: _Toc474913721]Anti-aliasing verification requirements
The anti-aliasing functional requirements shall be verified by test using the raw and filtered output data or stimuli data.
[bookmark: _Toc426568723][bookmark: _Toc437473813][bookmark: _Toc439944184][bookmark: _Toc439944256][bookmark: _Toc474913722]Stimulation
[bookmark: _Toc437473814][bookmark: _Toc439944185][bookmark: _Toc439944257][bookmark: _Toc474913723]Stimulation functional requirements
It shall be possible to stimulate the gyro output by electrical means including a digital link via a dedicated test connector.
Further details are in clause 5.4.13.
The stimulation capability shall be compatible with the customer real time acquisition frequency
The real time acquisition shall be specified by the customer.
If required for test input, the supplier shall provide an Electrical Ground Support Equipment (EGSE).
The stimulation capability shall be inhibited in flight.
[bookmark: _Toc437473815][bookmark: _Toc439944186][bookmark: _Toc439944258][bookmark: _Toc474913724]Stimulation verification requirement
The stimulation requirements shall be verified during the qualification and acceptance tests by comparing the gyro outputs with the stimuli.
[bookmark: _Toc426568724][bookmark: _Toc437473816][bookmark: _Toc439944187][bookmark: _Toc439944259][bookmark: _Toc474913725]Lifetime and duty cycle
[bookmark: _Toc437473817][bookmark: _Toc439944188][bookmark: _Toc439944260][bookmark: _Toc474913726]Lifetime and duty cycle functional requirements
The customer shall specify the number of years for the unit on ground, with separately specified the amount of time of operation.
The customer shall specify the number of years during transfer and operational lifetime, with separately specified the amount of time of operation.
The number of ON/OFF cycles (for each channel) shall be specified for the ground storage period and for the transfer and operational lifetime period.
If any maintenance is required during the ground storage and on-board, it shall be defined by the supplier.
The on ground storage, handling and transport conditions shall be specified by the customer.
For example temperature and vibrations.
[bookmark: _Toc437473818][bookmark: _Toc439944189][bookmark: _Toc439944261][bookmark: _Toc474913727]Lifetime and duty cycle verification requirement
The lifetime and duty cycle verification method shall be agreed between supplier and customer, depending on the gyro technology.
Gyro technology includes, for example, limited life items and wear-out parts.
[bookmark: _Toc8183585][bookmark: _Toc8183690][bookmark: _Toc8184946][bookmark: _Toc8185155][bookmark: _Toc8185534][bookmark: _Toc8186248][bookmark: _Toc8190680][bookmark: _Toc8194211][bookmark: _Toc8534154][bookmark: _Toc8534416][bookmark: _Toc8548061][bookmark: _Toc8558403][bookmark: _Toc23906489][bookmark: _Toc104344866][bookmark: _Ref105488578][bookmark: _Toc486757429][bookmark: _Ref114474523][bookmark: _Toc179079167][bookmark: _Toc214425320][bookmark: _Toc426568725][bookmark: _Toc437473819][bookmark: _Toc439944190][bookmark: _Toc439944262][bookmark: _Toc474913728]
Performance requirements
[bookmark: _Toc164571329][bookmark: _Ref164481680][bookmark: _Toc179079168][bookmark: _Toc214425321][bookmark: _Toc426568726][bookmark: _Toc437473820][bookmark: _Toc439944191][bookmark: _Toc439944263][bookmark: _Toc474913729]Use of the statistical ensemble
[bookmark: _Ref112038281][bookmark: _Toc214425322][bookmark: _Toc426568727][bookmark: _Toc437473821][bookmark: _Toc439944192][bookmark: _Toc439944264][bookmark: _Toc474913730]Overview
[bookmark: _Ref112038278]Performances have a statistical nature, because they vary with time and from one realization of a sensor to another. 
Only an envelope of the actual performances can be provided. Central to this is the concept of a ‘statistical ensemble’, made of ‘statistical’ sensors (i.e. not necessarily built, but representative of manufacturing process variations) and observations (depending on time and measurement conditions).
Further details can be found in ESSB-HB-E-003, in particular on the statistical approaches to handle the statistical set of configurations.
The confidence levels are specified by the customer.
The conditions elected to populate the statistical ensemble are defined on a case-by-case basis for each performance parameter or for a group of performance parameters.
1	A performance confidence level of 95 % is equivalent to a 2 sigma confidence level for a Gaussian distribution.
2	A performance confidence level of 99,7 % used is equivalent to a 3 sigma confidence level for a Gaussian distribution.
[bookmark: _Toc214425323][bookmark: _Toc426568728][bookmark: _Toc437473822][bookmark: _Toc439944193][bookmark: _Toc439944265][bookmark: _Toc474913731]Provisions
The worst-case performances shall be assessed by using the worst-case sensor of the statistical ensemble.
The statistical ensemble shall be characterized and agreed with the customer.
The performances shall be assessed by using the gyro EOL conditions agreed with the customer.
The EOL conditions include ageing effects and environmental effects.
[bookmark: _Toc179079169][bookmark: _Toc214425324][bookmark: _Toc426568729][bookmark: _Toc437473823][bookmark: _Toc439944194][bookmark: _Toc439944266][bookmark: _Toc474913732]Performance verification requirements
The test method to verify performance specification shall be justified by the supplier.
The validation of test raw data post-processing shall be demonstrated by the supplier.
The adequacy of test equipment accuracy shall be agreed with the customer.
The test success criteria shall be derived from the customer requirements taking into account the test setup error budget.
The test inputs shall be in accordance with the required observability in terms of operational range and in terms of the test resolution.
The validation of the post processing tools shall be performed using a set of reference or simulated data.
The Earth rotation rate shall be taken into account in the tests, as an input rate, or as a contributor to the raw gyro measurement.
The alignment of the unit in a local horizontal, local vertical (LVLH) frame and the latitude of the test site, are known in order to correct for Earth rotation rate.
The performance requirements verification shall be done with individual tests or by combined tests.
One test serves the verification of several performance requirements.
The unit calibration shall be performed before and after the whole set of environmental tests.
The stability of the initial and final compensation parameters shall be compliant w.r.t. the performance requirements.
The user shall state if raw or compensated measurements are used.
For gyro errors the thermal sensitivity shall be verified in the specified temperature range.
E.g. unit environmental temperature, unit internal temperatures, at electronics or at sensing level.
The testability limits shall be declared by the supplier and agreed by the customer.
The verification requirements listed in this clause can be complemented, as needed, with requirements found in ECSS-E-ST-10, ECSS-E-ST-10-02, ECSS-E-ST-10-03 and ECSS-E-ST-60-30.
[bookmark: _Toc149564764][bookmark: _Toc149565101][bookmark: _Toc149565441][bookmark: _Toc149565778][bookmark: _Toc149566257][bookmark: _Toc149566701][bookmark: _Toc149567194][bookmark: _Toc149567642][bookmark: _Toc149568090][bookmark: _Toc149568536][bookmark: _Toc149568982][bookmark: _Toc149564765][bookmark: _Toc149565102][bookmark: _Toc149565442][bookmark: _Toc149565779][bookmark: _Toc149566258][bookmark: _Toc149566702][bookmark: _Toc149567195][bookmark: _Toc149567643][bookmark: _Toc149568091][bookmark: _Toc149568537][bookmark: _Toc149568983][bookmark: _Toc149564768][bookmark: _Toc149565105][bookmark: _Toc149565445][bookmark: _Toc149565782][bookmark: _Toc149566261][bookmark: _Toc149566705][bookmark: _Toc149567198][bookmark: _Toc149567646][bookmark: _Toc149568094][bookmark: _Toc149568540][bookmark: _Toc149568986][bookmark: _Toc149564769][bookmark: _Toc149565106][bookmark: _Toc149565446][bookmark: _Toc149565783][bookmark: _Toc149566262][bookmark: _Toc149566706][bookmark: _Toc149567199][bookmark: _Toc149567647][bookmark: _Toc149568095][bookmark: _Toc149568541][bookmark: _Toc149568987][bookmark: _Toc149564770][bookmark: _Toc149565107][bookmark: _Toc149565447][bookmark: _Toc149565784][bookmark: _Toc149566263][bookmark: _Toc149566707][bookmark: _Toc149567200][bookmark: _Toc149567648][bookmark: _Toc149568096][bookmark: _Toc149568542][bookmark: _Toc149568988][bookmark: _Ref161717581][bookmark: _Toc179079171][bookmark: _Toc214425329][bookmark: _Toc426568730][bookmark: _Toc437473824][bookmark: _Toc439944195][bookmark: _Toc439944267][bookmark: _Toc474913733][bookmark: _Ref161714561]General performance requirements
Each requirement or group of requirements shall indicate the relevant conditions to be considered, as follows:
[bookmark: _Ref439679827]the performance conditions of the ‘statistical ensemble’ encompassing for EOL: 
worst-case unit temperature within specified range;
worst-case temperature slope within specified range;
worst-case radiation flux within specified range;
the input rate limit and the measurement range(s)
the maximum linear acceleration
the deadband limit
the launch loads
the 1 g to 0 g effects
the SEE
the gyro warm-up effect 
the power line variation effect
the ageing effect
the (other) environmental effects (such as microvibrations, shocks and magnetic field)
As regards statement 5.3a.1, additional values for BOL can be given.
It shall be specified by the customer whether the PSD is computed as double-sided or as single-sided. 
In the single-sided case, all the energy is on the positive frequency range. The single-sided PSD is the recommended specification.
[bookmark: _Ref164242854][bookmark: _Toc179079172][bookmark: _Toc214425330][bookmark: _Toc426568731][bookmark: _Toc437473825][bookmark: _Toc439944196][bookmark: _Toc439944268][bookmark: _Toc474913734]General performance metrics
[bookmark: _Hlt23651418][bookmark: _Toc214425331][bookmark: _Toc426568732][bookmark: _Toc437473826][bookmark: _Toc439944197][bookmark: _Toc439944269][bookmark: _Toc474913735][bookmark: _Ref160619557][bookmark: _Ref140555529][bookmark: _Ref140555534][bookmark: _Ref149564240]Overview and definition
Present Clause 5.4 presents the general performance metrics for the errors contributing to the gyro performances. In Annex B, an example of data sheet built on the performance metrics is given.
The following error equation for a single-axis gyro, or for each axis of a multiple axis gyro, introduces the performance metrics developed in Clause 5.4:
SF·Measurement = Rate + Bias + Noise
where
SF is the true gyro scale factor, that equals SF0*(1+) where SF0 is the reference scale factor and  is the scale factor error.
The reference scale factor SF0 can be an estimate determined by the supplier, or the last estimate determined by the customer before the flight, or the last estimate determined on board during operation using non inertial sensors.
Measurement is the measured angular rate or the measured angular increment divided by the time interval between two measurements
Rate is the rate input along the sensing axis, it includes the misalignment error, i.e. it is the product of the misalignment matrix and the rate in the reference frame axes
Bias is the gyro output error not correlated to the input rate and not covered by the term Noise 
Noise includes the time dependent terms, over a defined time scale, such as ARW, Bias instability (flicker rate noise), RRW, and quantisation.
[bookmark: _Toc410398334][bookmark: _Toc410398335][bookmark: _Toc410398336][bookmark: _Toc410398337][bookmark: _Toc410398338][bookmark: _Toc410398339][bookmark: _Toc410398340][bookmark: _Toc410398341][bookmark: _Toc410398342][bookmark: _Toc410398343][bookmark: _Toc410398344][bookmark: _Toc410398345][bookmark: _Toc214425332][bookmark: _Ref426483932][bookmark: _Toc426568733][bookmark: _Ref426568785][bookmark: _Ref435449668][bookmark: _Toc437473827][bookmark: _Toc439944198][bookmark: _Toc439944270][bookmark: _Toc474913736]Bias
[bookmark: _Ref164244916]General requirements
A confidence level for the bias shall be specified by the customer.
[bookmark: _Ref164244906]The statistical interpretation of the bias shall be specified by the customer.
The bias shall be specified for a defined range of temperature by the customer.
Figure 5‑1 illustrates the bias computation from test data. The observation time T is clearly indicated. Observation time T does not exceed the maximum time interval specified for the Allan variance analysis. The best estimate of the bias is obtained for an observation time T corresponding to the time interval at which the value of the Allan variance is minimum.
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[bookmark: _Ref436582911][bookmark: _Toc437473851][bookmark: _Toc439944616][bookmark: _Toc439949021][bookmark: _Toc474913761]Figure 5‑1: Examples of Bias estimation from test or simulation data 
[bookmark: _Ref399410394]Bias performance requirements
General
The customer shall specify whether the bias specification requirements apply for compensated or uncompensated gyro outputs.
[bookmark: _Ref346872707]Bias value 
The unit compensated bias value over an observation time T shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68 % confidence level or peak to peak.
The bias can exhibit harmonic behaviours depending of the sensor technology.
The unit uncompensated bias value over an observation time T shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The observation time T shall be specified by the customer.
Multiple observation times T, with associated performance conditions, can be specified.
Bias repeatability 
The bias repeatability from switch-on to switch-on shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The on and off durations are specified.
The bias repeatability between before and after, mechanical environment application shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The bias repeatability between before and after thermal vacuum cycling shall be specified by the customer denoting the performance type such as maximum, 1 sigma, 68% confidence level or peak to peak.
The bias repeatability between before and after irradiation shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
Depending of the gyro use, the repeatability requirements can be combined into a single specification.
[bookmark: _Ref346872721]Bias stability
The maximum rate bias over life shall be specified by the customer, as a maximum value over life.
The bias stability over a determined period of time shall be specified by the customer denoting the performance type, taking into consideration the environmental conditions between the bias measurements.
1	Environmental conditions include temperature variation, magnetic field variation, radiation, maximum linear acceleration and maximum angular acceleration.
2	Multiple time intervals with associated operating conditions can be specified.
3	The period of time over which the bias stability is specified can be hours, days or months.
Bias thermal sensitivity
The bias variation over operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
Multiple temperature ranges within operating temperature range can be used to specify bias variation performances over these intervals.
The bias sensitivity to thermal gradient within a specific temperature range shall be specified by the customer denoting the performance type.
The operating temperature range and the thermal gradient, spatial or temporal, shall be specified as generic environmental conditions.
Other Bias sensitivity
The bias sensitivity to magnetic flux density for a customer-defined magnetic flux density range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The bias sensitivity to specific force for a customer-defined specific forces range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The bias sensitivity to micro-vibration in the specified microvibration environment shall be specified by the customer denoting the performance type. 
[bookmark: _Ref158022316]Bias verification
Consideration on bias verification methods
It is necessary prior to estimate the bias to gain the knowledge of the scale factor and the applied input rate (i.e. orientation of the gyro input axis w.r.t. the Earth rotation axis). This dependency to alignment can be removed using a multi-orientation test.
The tests detailed in clause 5.4.2.3.2 do not necessarily require the knowledge of the bias but only a reference measurement together with guaranteeing the reference gyro orientation during each of the tests.
The uncompensated bias is the average of the uncompensated rate measurement output over the specified observation time t minus the rotation rate applied on the sensitive axis, including Earth rotation rate.
The compensated bias is the average of the compensated rate measurement output over the specified observation time t, minus the rotation rate applied on the sensitive axis, including Earth rotation rate.
The scale factor error has an effect on the computed bias. Scale factor error correction in the bias estimate is not necessary if its effect is one order of magnitude lower than the bias specification. Otherwise, scale factor error correction is necessary with a scale factor estimate done prior or simultaneously to the bias estimate.
[bookmark: _Ref439680835]Bias verification requirements
The duration of the test shall be long enough to obtain the required confidence level in the bias estimate.
For each given test, time T shall be consistent with the required bias estimate accuracy with justification.
1	The noise contribution to the bias estimate error is at a minimum lower than a third of the bias test criterion, ideally lower than a tenth of the bias test criterion.
2	Examples of Bias estimation from test or simulation data are given in Figure 5‑1.
The bias repeatability shall be validated by test.
The bias repeatability from switch-on to switch-on shall be measured as follows:
Firstly, the bias is estimated prior to switch-off while the unit is in a stabilized state, after the warm-up phase.
Secondly, the unit is switched off during a period long enough to reach a stabilized off state
Thirdly, the unit is switched on again. After start-up and warm up duration, when the unit is again in stabilized state, a new bias estimate is performed.
An example of bias repeatability measurement is depicted in Figure 5‑2.
[bookmark: _Ref426477636][bookmark: _Ref426477631][bookmark: _Toc437473852][bookmark: _Toc439944617][image: ]
[bookmark: _Ref463798821][bookmark: _Toc439949022][bookmark: _Toc474913762]Figure 5‑2: Switch-on bias repeatability computation
The bias repeatability between before and after, or after versus before, mechanical environment application, or between before and after thermal cycling, or before and after irradiation shall be estimated as follows:
Firstly, the bias is estimated prior to the environmental test while the unit is in a stabilized state, after the warm-up phase.
Secondly, the unit is submitted to the environmental test, with the on/off state of the unit during the test as specified.
Thirdly, the bias is estimated after the environmental test while the unit is in a stabilized state, after the warm-up phase. 
The bias stability shall be estimated as follows:
The bias is estimated periodically over the specified periods in clauses 5.4.2.2.2 and 5.4.2.2.4 while the unit is in a stabilized state.
The bias stability is computed using all the bias estimates over the specified periods.
An example of bias stability measurement is depicted in Figure 5‑3.
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[bookmark: _Ref426478140][bookmark: _Toc437473853][bookmark: _Toc439944618][bookmark: _Toc439949023][bookmark: _Toc474913763]Figure 5‑3: Bias stability computation
The bias sensitivity, with the exception of the thermal gradient sensitivity, shall be measured in stable environmental conditions and after internal stabilisation of the gyro consistent with the accuracy of the bias estimate specified in the test plan.
The thermal gradient sensitivity shall be measured during temperature ramp tests, using both positive and negative slopes, in the specified temperature range. 
Different temperature slopes can be applied.
[bookmark: _Ref426483940][bookmark: _Toc426568734][bookmark: _Toc437473828][bookmark: _Toc439944199][bookmark: _Toc439944271][bookmark: _Toc474913737]Noise
General requirements
The confidence level of the gyro noise terms shall be specified by the customer.
The statistical interpretation of the gyro noise terms shall be defined by the customer.
[bookmark: _Ref472609653]The performance of the gyro noise shall be specified under the related general performance conditions.
Noise performance requirements
[bookmark: _Ref473033503]The gyro noise, on each channel, shall be specified by the customer by:
a mono lateral PSD template, or
an Allan variance standard deviation template, or
the contributors listed in requirement 5.4.3.2b.
[bookmark: _Ref439681349]When fulfilling requirement 5.4.3.2a the following noise requirements shall also be achieved:
the maximum customer-specified Angular White Noise (ϕ) contribution, sampled at a customer-defined frequency; 
the maximum customer-specified Angular Quantisation Noise (Q) contribution;
the maximum customer-specified Angular Random Walk Coefficient (N);
the maximum customer-specified Bias coefficient (B);
the maximum customer-specified Rate Random walk coefficient (K);
the maximum customer-specified Rate ramp coefficient (R).
1	The Bias instability is also called rate flicker noise.
2	Depending on the gyro technology and the mission needs, part of the contributors can be ignored.
3	For specific user need, other requirements can be added. For example:
the integrated gyro noise error over a defined period can be specified on each gyro channel, denoting the performance type.
the customer can specify, for a defined sampling rate and over a defined frequency range, the integrated single-sided PSD of the rotation rate (or angle). This approach is of interest in case of sine signals present in the noise signal.
4	For rate output gyros, rate quantization noise is covered by rate white noise (ARW) and bias instability (B)
[bookmark: _Ref426484035]Noise performance verification requirements
The measurement of the noise shall be performed via ground test.
The gyro error model coefficients shall be determined from Allan variance measurements or mono-lateral PSD measurements. 
Figure 5‑4 indicates equivalences between both formalisms.
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[bookmark: _Ref426478936][bookmark: _Toc437473854][bookmark: _Toc439944619][bookmark: _Toc439949024][bookmark: _Toc474913764]Figure 5‑4: Single-sided rate PSD and Allan Variance Standard Deviation
For Allan variance measurement, the test duration shall be sized according to the specified confidence level.
For example, for 25 % error, the Allan variance test duration is at least 9 times longer than the specified Allan variance longest observation time (see equation C-22 in IEEE Std 647-2006 or IEEE Std 952-1997(R2008), both standards being also referred to in IEEE Std 1431-2004).
For mono lateral PSD measurement, the frequency resolution and the number of frequency spectrum to be averaged shall determine the test duration.
1	The Allan variance and PSD analyses on the required time and frequency domains can be split in several tests with different integration times, acquisition frequencies and durations.
2	If required, noise tests are performed at different temperatures within the operating temperature range, with a special care to the test facility environment noise.
[bookmark: _Toc410398348][bookmark: _Toc164478479][bookmark: _Toc164478684][bookmark: _Toc164479152][bookmark: _Toc164479665][bookmark: _Toc164488170][bookmark: _Toc164488670][bookmark: _Toc164571345][bookmark: _Ref426483946][bookmark: _Toc426568735][bookmark: _Toc437473829][bookmark: _Toc439944200][bookmark: _Toc439944272][bookmark: _Toc474913738]Scale factor error
General requirements
The confidence level of the scale factor error shall be specified by the customer.
The statistical interpretation of the scale factor error shall be defined by the customer.
[bookmark: _Ref472609698]The performance of the scale factor error shall be specified under the related performance general conditions.
No random content in the scale factor error is considered in clause 5.4.4.
[bookmark: _Ref403570812]Scale factor performance requirements
Scale factor initial value
The compensated scale factor initial value shall be specified by the customer.
The uncompensated scale factor initial value shall be specified by the customer.
The scale factor initial value shall be determined with an accuracy specified by the customer.
Deadband 
The gyro measurement deadband limits and maximum error shall be specified by the customer.
1	This requirement covers the case of scale factor non linearity within the measurement deadband.
2	Scale factor non-linearity error
The scale factor non-linearity error shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak, for defined ranges of input rates.
In the range of low angular rate outside of the deadband range, the scale factor non-linearity error shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The customer can define an input range smaller than the deadband range.
Scale factor repeatability 
the scale factor repeatability from switch-on to switch-on shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
the on and off durations shall be specified.
the scale factor repeatability between before and after, or after versus before, mechanical environment application shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
the scale factor repeatability between before and after thermal vacuum cycling shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak. 
the scale factor repeatability between before and after irradiation shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
Depending of the gyro use, the repeatability values can be combined into a single specification. 
Scale factor stability
The scale factor stability over a defined time period shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak, taking into consideration environmental conditions between the scale factor measurements.
1	Environmental conditions include temperature variation, magnetic field variation, radiation, maximum linear acceleration and maximum angular acceleration.
2	Multiple time intervals with associated operating conditions can be specified.
Scale factor thermal sensitivity
The scale factor variation over the defined operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The scale factor variation over a defined temperature range within the operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The operating temperature range shall be specified.
[bookmark: _Ref426484037]Scale factor verification requirements
The measurement of the scale factor error shall be performed via ground test with a motion table. 
The test sequence shall include test with positive and negative rate values. 
The estimation of the scale factor shall include considerations on the bias knowledge and the applied input rate.
1	For example the orientation of the gyro input axis w.r.t. the motion table axis and the Earth rotation axis. 
2	It is good practice to align the gyro sensing axis with the motion table rotation axis and to perform measurement over complete revolutions, in order to limit to second order of magnitude the contribution of alignment error and of Earth rotation projection along the gyro perpendicular axes.
3	Depending on the orientation of the sensing axis on the motion table and on the measurement required accuracy, an estimate of the alignment error can be required prior or simultaneously to the scale factor estimate.
The scale factor estimate shall be processed using an external precise time reference 
The external time reference is usually provided by the test facility.
The gyro time tag shall not be used to process the estimate of the scale factor.
This is to exclude the time tag error from the scale factor budget.
The uncompensated scale factor shall be computed as the average of the ratio between the rotation rate applied on the sensitive axis and the uncompensated rate measurement output over the specified observation time T
The rotation rate includes the Earth rotation rate.
The compensated scale factor shall be computed as the average of the ratio between the rotation rate applied on the sensitive axis and the compensated rate measurement output over the specified observation time T.
1	The rotation rate includes the Earth rotation rate.
2	The bias has an effect on the computed scale factor. Bias correction in the scale factor estimate is not necessary if its effect is one order of magnitude lower than the scale factor error specification. Otherwise, bias correction is necessary with a bias estimate done prior or simultaneously to the scale factor estimate.
3	The noise has an effect on the computed scale factor. To limit the noise effect on the scale factor estimate, the duration and number of revolutions of the scale factor test are adequately determined (e.g. the noise contribution is not larger than typically 10 % of the scale factor error requirement).
The scale factor error verification shall be based on, at least, measurements over the whole operational input range, with an adequate granularity. 
This is especially valid at low input rates where test duration is very long.
The deadband range and performance verification shall be based on measurements with a sufficient input rate resolution and excursion.
The scale factor error repeatability from switch-on to switch-on shall be measured as follows. 
Firstly, the scale factor is estimated prior to switch-off while the unit is in a stabilized state, after the warm-up phase.
Secondly, the unit is switched off during a period long enough to reach a stabilized off state.
Thirdly, the unit is switched on again while the motion table is still rotating and, after start-up and warm up duration, when the unit is again in stabilized state, a new scale factor estimate is performed.
The scale factor error repeatability between before and after, or after versus before, environmental tests shall be measured as follows:
Firstly, the scale factor is estimated prior to the environmental test while the unit is in a stabilized state, after the warm-up phase
Secondly, the unit is submitted to the environmental test. The on/off state of the unit during the test is specified.
Thirdly, the scale factor is estimated after the environmental test while the unit is in a stabilized state, after the warm-up phase. 
The environmental tests can include mechanical environment application, thermal vacuum cycling, or irradiation.
The scale factor stability shall be measured as follows:
Firstly, the scale factor is estimated periodically over the specified periods in 5.4.4.2 while the unit is in a stabilized state.
Secondly, the scale factor stability is computed using all the scale factor estimates over the specified period.
The periodicity of the scale factor estimate over the specified periods is defined and agreed with the customer.
The scale factor sensitivity shall be measured in stable environmental conditions and after internal stabilisation of the gyro consistent with the required accuracy of the scale factor estimate.
Scale factor errors verification shall not be done without verification of the measurement accuracy of the set‐up used for calibration.
[bookmark: _Toc437473830][bookmark: _Toc439944201][bookmark: _Toc439944273][bookmark: _Toc474913739][bookmark: _Ref426483953][bookmark: _Toc426568736]Misalignment 
General requirements
The confidence level of the misalignment error shall be specified by the customer.
Alignment errors shall be considered as “half cone” values.
The statistical interpretation of the misalignment error shall be defined by the customer.
The misalignment shall be verified by test.
Misalignment performance requirements
Absolute/relative alignment error
The angular error of the gyro sensors sensitive axes alignment w.r.t. their theoretical orientation, defined w.r.t. the gyro mechanical reference frame, shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The relative angular error of the gyro sensors sensitive axes alignment, one with respect to another, shall be specified by the customer. 
Absolute/relative alignment knowledge 
The knowledge accuracy of the alignment between the gyro sensors sensitive axes and the gyro mechanical reference frame shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak, including all measurement uncertainties from launch, micro-gravity, outgassing, moisture release and thermo-elastic effects.
The knowledge accuracy of the alignment between the gyro sensors sensitive axes and the gyro alignment reference frame at unit delivery shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
Alignment repeatability 
The repeatability between before and after, or after versus before, mechanical environment application of the absolute gyro axes alignment w.r.t. mechanical reference frame shall be specified by the customer, irrespective of the off time duration.
The repeatability between before and after, or after versus before, thermal vacuum cycling of the absolute gyro axes alignment w.r.t. mechanical reference frame shall be specified by the customer, irrespective of the off time duration.
The relative gyro axes alignment, one w.r.t. another, repeatability between before and after, or after versus before, mechanical environment application shall be specified by the customer, irrespective of the off time duration.
The relative gyro axes alignment, one w.r.t. another, repeatability between before and after, or after versus before, thermal vacuum cycling shall be specified by the customer, irrespective of the off time duration.
Alignment stability
The absolute gyro axes alignment, w.r.t. mechanical reference frame, stability over a customer-defined time period shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak, taking into consideration environmental conditions between the alignment measurements.
The relative gyro axes alignment, one w.r.t. another, stability over a customer-defined time period shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak, taking into consideration environmental conditions between the alignment measurements.
Multiple time intervals with associated operating conditions can be specified.
Alignment thermal sensitivity
The absolute gyro axes, w.r.t. mechanical reference frame, alignment variation over operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The relative gyro axes alignment, one w.r.t. another, variation over operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The absolute gyro axes, w.r.t. mechanical reference frame, alignment variation over a customer-defined temperature range within the operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The relative gyro axes, one w.r.t. another, alignment variation over a customer-defined temperature range within the operating temperature range shall be specified by the customer denoting the performance type in terms of maximum, 1 sigma, 68% confidence level or peak to peak.
The operating temperature ranges shall be specified.
[bookmark: _Ref426484041]Misalignment performance verification requirements
The measurement of the alignment errors shall be performed via ground test with a motion table. 
The estimation of the alignment errors shall include the knowledge of the bias, the scale factor, and the applied input rate. 
1	A recommended good practice is to align the gyro sensing axis perpendicular to the motion table rotation axis (consecutively for both perpendicular orientations) and to perform measurement over complete revolutions, in order to limit to second order of magnitude the contribution of scale factor error and of Earth rotation projection along the gyro sensing axis.
2	For example, the orientation of the gyro input axis w.r.t. the motion table axis and the Earth rotation axis is provided.
The alignment errors repeatability between before and after, or after versus before, environmental tests shall be measured as follows:
Firstly, the alignment errors are estimated prior to the environmental test while the unit is in a stabilized state, after the warm-up phase.
Secondly, the unit is submitted to the environmental test. The on/off state of the unit during the test is specified.
Thirdly, the alignment errors are estimated after the environmental test while the unit is in a stabilized state, after the warm-up phase. 
Environmental tests can include mechanical environment application, thermal vacuum cycling, or irradiation.
The alignment errors stability shall be measured as follows: 
The alignment errors are estimated periodically over the specified periods in 5.4.4.2 while the unit is in a stabilized state.
1	The periodicity of the alignment errors estimate over the specified periods is defined and agreed with the customer.
2	The alignment errors stability are computed using all the alignment errors estimates over the specified period
The alignment errors sensitivity shall be measured in stable environmental conditions and after internal stabilisation of the gyro consistent with the required accuracy of the alignment errors estimate.
Alignment errors verification shall not be done without verification of the measurement accuracy of the set‐up used for calibration.
[bookmark: _Toc149564789][bookmark: _Toc149565126][bookmark: _Toc149565466][bookmark: _Toc149565803][bookmark: _Toc149566282][bookmark: _Toc149566726][bookmark: _Toc149567219][bookmark: _Toc149567667][bookmark: _Toc149568115][bookmark: _Toc149568561][bookmark: _Toc149569007][bookmark: _Toc437473831][bookmark: _Ref426452991][bookmark: _Ref426452997][bookmark: _Toc426568737][bookmark: _Toc439944202][bookmark: _Toc439944274][bookmark: _Toc474913740][bookmark: _Ref112037878][bookmark: _Toc214425338][bookmark: _Toc8183733][bookmark: _Toc8184989][bookmark: _Toc8185198][bookmark: _Toc8185561][bookmark: _Toc8186275][bookmark: _Toc8190707][bookmark: _Toc8194238][bookmark: _Toc8534201][bookmark: _Toc8534463][bookmark: _Toc8558451][bookmark: _Toc8183589][bookmark: _Toc8183704][bookmark: _Toc8184960][bookmark: _Toc8185169][bookmark: _Toc8185548][bookmark: _Toc8186262][bookmark: _Toc8190694][bookmark: _Toc8194225][bookmark: _Toc8534169][bookmark: _Toc8534431][bookmark: _Toc8548065][bookmark: _Toc8558419][bookmark: _Toc23906493][bookmark: _Ref161575793]Measurement datation and latency
General requirements
The confidence level of the measurement datation and latency performance shall be specified by the customer.
The statistical interpretation of the measurement datation and latency performance shall be defined by the customer.
Measurement datation and latency performance requirements
Measurement Datation accuracy
The gyro shall provide with its output data a time tag (internal time of inertial measurement).
The time tag quantisation shall be specified by the customer. 
The time tag scale factor error shall be specified by the customer.
The time tag jitter shall be specified by the customer.
1	Multiple time intervals and temperature ranges with associated operating conditions can be specified for the time tag scale factor error.
2	The time tag jitter is considered as the maximum variation of the measurement datation errors between two consecutive time tags.
Synchronization performances
The delay between the synchronisation command and gyro axes measurement date shall be specified by the customer.
This includes either synchronisation on data bus or external synchronisation.
 Latency
The latency between the gyro measurement availability on the databus and the reception of the TM command shall be specified by the customer.
The latency between the measurement date and the availability date on the databus shall be specified by the customer.
Measurement datation and latency verification requirements
The measurement datation and latency requirements should be verified by analysis, except for time tag scale factor. 
The time tag scale factor may be characterised by test by monitoring of the time tag evolution on a significant period versus an external time reference.
[bookmark: _Ref426449742][bookmark: _Toc426568738][bookmark: _Toc437473832][bookmark: _Toc439944203][bookmark: _Toc439944275][bookmark: _Toc474913741]Start-up performances
General requirements
The confidence level of the start-up performances shall be specified by the customer.
The statistical interpretation of the start-up performances shall be defined by the customer.
Start-up performance requirements
The measured rate error, or the measured angular increment error over the time interval between the two measurements, at the end of the unit start-up shall be specified by the customer as a ratio of the input angular rate with a specified maximum absolute error.
Start-up performance verification requirements
The start-up performance requirement shall be verified by test, covering the operational input range and operational environmental conditions.
[bookmark: _Ref426449808][bookmark: _Toc426568739][bookmark: _Toc437473833][bookmark: _Toc439944204][bookmark: _Toc439944276][bookmark: _Toc474913742]Warm-up phase performances
General requirements
The confidence level of the warm-up phase performances shall be specified.
The statistical interpretation of the warm-up phase performances shall be defined.
Warm-up performance requirements
The maximum integrated gyro drift over the warm-up phase shall be specified by the customer.
The customer may specify performance requirements for the warm-up phase: 
bias (as per clause 5.4.2),
noise (as per clause 5.4.3),
scale factor error (as per clause 5.4.4), and
misalignment errors (as per clause 5.4.5).
Warm-up performance verification requirements
The warm-up performance requirements shall be verified by test.
Except if specified otherwise, the test shall be performed under stabilised environmental conditions.
Depending on the requirements defined, the same verification methods as in clauses 5.4.2.3, 5.4.3.3, 5.4.4.3, and 5.4.5.3 shall apply.
[bookmark: _Toc439944277][bookmark: _Toc439944205][bookmark: _Toc437473834][bookmark: _Toc426568740][bookmark: _Toc474913743]Measured output bandwidth
Measured output bandwidth performance requirements
The gyro measured output bandwidth shall be specified by the customer.
Measured output bandwidth Verification methods
The output bandwidth shall be verified by test, by applying a sinusoidal input with frequency up to the level defined by the bandwidth requirement and comparing the gyro output to the applied movement.
[bookmark: _Ref426453648][bookmark: _Toc426568741][bookmark: _Toc437473835][bookmark: _Toc439944206][bookmark: _Toc439944278][bookmark: _Toc474913744]Anti-aliasing filter
General requirements
The anti-aliasing filter requirement shall be consistent with the sampling requirement and the output bandwidth requirement.
Anti-aliasing performance requirements
The anti-aliasing filter shall be defined by a frequency template, in which attenuation and phase are function of the frequency.
As an example, the anti-aliasing filter performances can be defined as follows: 
Static gain: 0 dB
Maximum phase @Fr/16: 6°
Maximum overshoot: +3 dB
Maximum attenuation @Fr: -3 dB
Minimum attenuation @ 6,25Fr: -14 dB
where the filter frequency (Fr) is lower than half the sampling frequency (Fs).
Anti-aliasing performance verification requirements
The anti-aliasing filtering shall be verified by test. 
Different methods can be used: for example, with stimuli input, comparison of unfiltered/filtered data, stimulation on the test bench as per output bandwidth measurement.
[bookmark: _Toc426568742][bookmark: _Toc437473836][bookmark: _Toc439944207][bookmark: _Toc439944279][bookmark: _Toc474913745]Data quantisation
Data quantisation performance requirements
The data quantisation shall be specified by the customer.
1	The output register sizing is consistent with the input range, the acquisition frequency and the data quantisation.
2	The data quantisation is consistent with the gyro quantisation noise performance requirement.
Data quantisation verification requirements
The data quantisation shall be verified by test.
[bookmark: _Toc214425351][bookmark: _Toc426568743][bookmark: _Toc437473837][bookmark: _Toc439944208][bookmark: _Toc439944280][bookmark: _Toc474913746][bookmark: _Toc104344867]Failure detection efficiency
Failure detection performance requirements
In measurement mode, the gyro failure detection coverage shall be specified by the customer as a percentage.
For gyro failure leading to degraded performance outside of the specified requirement values, the degraded performance envelope shall be defined.
In measurement mode, the risk of false alarm by the failure detection function shall be specified by the customer as a percentage.
Failure detection verification requirements
The failure detection efficiency requirements should be verified by analysis.
[bookmark: _Ref426459861][bookmark: _Toc426568744][bookmark: _Toc437473838][bookmark: _Toc439944209][bookmark: _Toc439944281][bookmark: _Toc474913747]Stimulation 
Stimulation performance requirements
The performance of the stimulation function shall be specified.
The stimulation function performance can be specified as follows: 
“The stimuli resolution shall be better than 0,1 deg/h.”
“The stimuli scale factor error shall be better than 1 %.”
Stimulation verification requirements
The stimulation performance requirements shall be verified by test.
[bookmark: _Ref164569451][bookmark: _Toc179079179][bookmark: _Toc214425359][bookmark: _Toc426568745][bookmark: _Toc437473839][bookmark: _Toc439944210][bookmark: _Toc439944282][bookmark: _Toc474913748]Functional and performance mathematical model
[bookmark: _Ref164569454]The customer may ask the supplier to provide a temporal functional and performance mathematical model of the gyro.
[bookmark: _Ref435451456]The functional and performance mathematical model shall be in accordance with the DRD in Annex A.
The functional and performance mathematical model shall be representative of the sensor actual performances for specified kinematic profiles.
The functional mathematical model shall include environmental parameters.
[bookmark: _Ref164572573]The functional mathematical model shall model all the performance errors defined in the performance requirements.
The functional mathematical model shall include the following items:
the stimuli
the reference frames projection
the measurement deadband
the anti-aliasing filter
the integration and sampling
the datation error 
the delays
the misalignment and scale factor error, with or without compensation
the bias, with or without compensation
the bias dependency to environmental conditions, if compensation, to temperature measurement error
the scale factor error dependency to environmental conditions, if compensation, to temperature measurement error
the noise model, including ARW, AWN, RRW, rate flicker noise and quantisation
the saturation
the functional failures
1	A state machine can be introduced if transient behaviours (such as warm-up phase) need to be modelled.
2	Examples of functional failures are degradation of performance and frozen outputs.
3	As an example, a schematic of the functional mathematical model is proposed in Figure 5‑5.
The functional mathematical model parameters may be represented by a single value or include nominal and worst-case values
A naming convention shall be defined for the functional mathematical model parameters and variables.
The functional mathematical model fidelity shall be validated denoting the actual temporal performances of the sensor over the specified environmental envelope
The functional mathematical model validation is performed with test scenarios and cases defined by the gyro supplier. The success criteria of the simulated validation cases are correlated to the gyro unit tests results.
[image: ]
[bookmark: _Ref426482933][bookmark: _Ref435451112][bookmark: _Ref435451101][bookmark: _Toc437473855][bookmark: _Toc439944620][bookmark: _Toc439949025][bookmark: _Toc474913765]Figure 5‑5: Example of Functional Mathematical Model Architecture
[bookmark: _Toc32756061][bookmark: _Ref160944654][bookmark: _Ref164571438][bookmark: _Toc214425360][bookmark: _Ref104206021][bookmark: _Ref435451422][bookmark: _Toc437473840][bookmark: _Toc474913749] (normative)
Functional and performance mathematical model (FMM) description - DRD
[bookmark: _Toc437473841][bookmark: _Toc474913750]DRD identification
[bookmark: _Toc437473842][bookmark: _Toc474913751]Requirement identification and source document
This DRD is called from ECSS-E-ST-60-21, requirement 5.5b.
[bookmark: _Toc437473843][bookmark: _Toc474913752]Purpose and objective
The functional mathematical models are established to serve as input for detailed AOCS analyses and detailed performance simulations.
[bookmark: _Toc437473844][bookmark: _Toc474913753]Expected response
[bookmark: _Toc437473845][bookmark: _Toc474913754]Scope and content
Introduction
0. The FMM description shall contain a description of the purpose, objective, content and the reason prompting its preparation.
The FMM description shall state and describe any open issues, assumptions and constraints.
The FMM description shall describe in detail the status and limitations of the model.
Applicable and reference documents
0. The FMM description shall list the applicable and reference documents in support to the generation of the document.
Definitions and abbreviations
0. The FMM description shall list the applicable directory or glossary and the meaning of specific terms or abbreviations utilized in the FMM.
Functional mathematical model (FMM)
0. The FMM description shall document the steps from the actual angular rate in inertial frame to the gyro outputs.
0. The outputs of the FMM shall include as a minimum:
the measured angular rate and time delivered by the gyro;
the gyro health status.
The outputs of the FMM shall include the outputs of the gyro detailed in clause 4, according to the sensor capabilities.
The parameters of the FMM shall be documented.
The FMM description shall indicate modelling constraints and critical implementation issues and their relevance on performance.
The FMM description shall present the expected temporal outputs of the gyro model for given input profiles.
Software tools
0. The software tools to be used for development of the FMM shall be specified.
Files and lists
0. The following information shall be attached to the FMM description:
identification of delivered computer files;
FMM source lists based on applied tools.
[bookmark: _Ref165279887][bookmark: _Toc214425367][bookmark: _Toc437473846][bookmark: _Toc474913755] (informative)
Example of data sheet
[bookmark: _Toc437473847][bookmark: _Toc474913756]Introduction
The data sheet in Figure B-1 shows an example of data sheet for gyros. 
The fields that can be filled in are identified in an italic font.
The example values filled in are just for formatting purposes and do not relate to an existing gyro.

[bookmark: _Ref165280806]
[bookmark: _Ref426483104][bookmark: _Ref202338661][bookmark: _Toc214425384][bookmark: _Toc437473856][bookmark: _Toc439949026][bookmark: _Toc474913766]: Example of detailed gyro data sheet
[bookmark: _Toc225154376][bookmark: _Toc474913757]Bibliography	ECSS-S-ST-00
	ECSS system - Description, implementation and general requirements

	ECSS-E-ST-10
	Space engineering - System engineering general requirements

	ECSS-E-ST-10-02
	Space engineering - Verification

	ECSS-E-ST-10-03
	Space engineering - Testing

	ECSS-E-ST-32-11
	Space engineering - Modal survey assessment

	ECSS-E-ST-35
	Space engineering - Propulsion general requirements

	ECSS-E-ST-60-10
	Space engineering - Control performance

	ECSS-E-ST-60-20
	Space engineering - Star sensor terminology and performance specification

	ECSS-E-ST-60-30
	Space engineering - Satellite attitude and orbit control system (AOCS) requirements

	ECSS-E-ST-70-11
	Space engineering - Space segment operability

	ECSS-Q-ST-20
	Space product assurance - Quality assurance

	ESSB-HB-E-003 Issue 1 (19 July 2011)
	ESA Pointing error engineering handbook

	IEEE Std 647-2006
	Specification Format Guide and Test Procedure for Single-Axis Laser Gyros

	IEEE Std 952-1997(R2008)
	Specification Format Guide and Test Procedure for Single-Axis Interferometric Fiber Optic Gyros

	IEEE Std 1431-2004
	Specification Format Guide and Test Procedure for Coriolis Vibratory Gyros



54
image1.jpeg
EUROPEAN COOPERATION

FOR SPACE STANDARDIZATION




image2.emf
 

Optical   Cube  

X O RF  

Y O RF  

Z O RF  

Sensor  


oleObject1.bin
[image: image1.bmp]

Optical



Cube







XORF







YORF







ZORF







Sensor












image3.emf
 

Y MRF  

X MRF  

Spacecraft Body  

Mounting Interface  

Z MRF  


oleObject2.bin
[image: image1.bmp]

ZMRF







Mounting Interface







Spacecraft Body







XMRF







YMRF












image4.jpeg
3 4 5 6
|
(potentially) time

Data No data Invalid data alid data

validity
Start:up Warm-up Full perf.
Dat perf. perf.
ata
performance Start-up phase

Phase Warm-up duration

1: switch-on
2: first data available
3: validity bit positive

4: start-up performance reached
5: warm-up performance reached
6: full performance reached





image5.jpeg
Angle
error

Estimated bias= A/t

error

Observationtime

Estimated bias= B(t)

“Oeds min

Observationtime





image6.jpeg
Ratein °/h

_T—

Warm-up

0 Warm-up

t

B2°/h

Bias end

B1)*/h

(B2-

Switch_ON bias repeatability





image7.png
Rate in °/h

Bstability = function of Bi (max, peak to peak,...)

bl 4

Specified stability duration
=





image8.jpeg
A
Log 2

Rate Random Walk : 23600m2

(°/h)/Hz
i i 3 2 2
White Angle : ¢ In arcsecond iz Angle Quantization : ~2 Q*Tsw’

Angle Quantization : g in arcsecond wie?

White Angle : 252 07
Angle random walk:Nin*VE Bifis Instability : 2—
Bias Instability - Bin */h “ Angle Random Walk = 2 x 3600 N2
Rete Random Walk K in “/iF . > Log (f)
Log . Rate Allan Variance standard deviation Hz

(°/h)

V3Q
3600 ¢

White Angle's | VB4 /5 g-aimmg oy \ 2 anB

Angle Quantization :

Rate Random Walk : %\E

v

3600t Bias Instability :
L

> Lo
Hours elr)

2 4
w=2nf o, =2mfy = =75

A — with f,= sampling frequency in Hz with g= angle quantization in arcsecond




image9.png
True input rate in spacecraft axes

Projection

Integration and Sampling

Anti-aliasing filtering

Datation error

Environmental data Bias, Scale factorand
{e.g. temperature) Misalignment

& Noise

Saturation
v

Quantisation
v

Delay

l/ Measured angular increment in gyro axes
Measured rate in gyro axes
Measurement time




image10.emf
Detailed Data Sheet   Supplier c ompan y l ogo          

Name:   photograph of the unit  

Configur a tion:  (s ingle  Axis / multiple Axis)   

Specification:      

 Interface:    

 Power:   W  

 Voltage   V  

 Output Frequency:   Hz  

 T operational :   °C  

 Mass    kg  

 Dimension:  w idth  depth  height  mm   

EOL perfor m ances   Typ. 7 years in LEO / 15 years in GEO /  

E OL   perfor m ance  quoted  at    specified/wors t - case   temperature      

  ARW    

AWN       

RRW       

Rate flicker       

Bias       

stability       

sensitivity      

repeatability      

     

Scale Factor      

linearity             

stability      

sensitivity      

repeatability      

     

    Misalignment      

stability      

sensitivity      

repeatability      

Special Features:   

    lifetime  

    bandwidth  

    environments tested (thermal, vib rations, shocks )  

    flight experience  

    performance measurement range   and quantisation       

    failure detection  

    start - up time   / warm - up time  

    synchronisation  

    angular rate input range  

    stimulation for ground testing  

    axes  dependency  

  


oleObject3.bin
		Detailed Data Sheet 

		Supplier company logo





		Name:

		

		photograph of the unit



		Configuration:

		(single Axis/ multiple Axis)

		



		Specification:

		

		

		

		



		

		Interface:

		

		



		

		Power:

		

		W

		



		

		Voltage

		

		V

		



		

		Output Frequency:

		

		Hz

		



		

		Toperational:

		

		°C

		



		

		Mass 

		

		kg

		



		

		Dimension:

		width

		depth

		height

		mm

		



		EOL performances 

		Typ. 7 years in LEO / 15 years in GEO /



		EOL performance

		quoted at  specified/worst-case temperature 

		

		



		 ARW

		

		



		AWN

		

		

		

		

		



		RRW

		

		

		

		

		



		Rate flicker

		

		

		

		

		



		Bias

		

		

		

		

		



		stability

		

		

		

		

		



		sensitivity

		

		

		

		

		



		repeatability

		

		

		

		

		



		

		

		

		

		

		



		Scale Factor

		

		

		

		

		



		linearity

		

		

		

		

		

		

		

		

		

		

		



		stability

		

		

		

		



		sensitivity

		

		

		

		



		repeatability

		

		

		

		



		

		

		

		

		



		   Misalignment

		

		

		

		



		stability

		

		

		

		



		sensitivity

		

		

		

		



		repeatability

		

		

		

		



		Special Features:

		



		

		· lifetime



		

		· bandwidth



		

		· environments tested (thermal, vibrations, shocks)



		

		· flight experience



		

		· performance measurement range and quantisation

· 



		

		· failure detection



		

		· start-up time / warm-up time



		

		· synchronisation



		

		· angular rate input range



		

		· stimulation for ground testing



		

		· axes dependency



		

		






image11.png




