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1.0 Abstract

The Communicationsand Data Volume Study of 2001 established a data volume
requirement of 232 Gbits per day for WST, and a storage capecity of 401 Gbits, based
uponY ardgick Mission science ingruments and a multi-accum readoutmode. Mission
requirements were based upontherecommendaions of the Study for minimum daa
volume, rate and contact duration. Sincetha study, JWST science indruments have been
selected and opeaationsconaepts for those ingruments are beng developed, induding
more specific requirements on readoutmode exposure timing and paalel opeation.
Mission requirements have also changed to specify a daa volume requirement of 229
Gbits per day for compressed science data and 6.3 Gbits per day for uncompressed
enginezring telemetry daa. Neither of these requirements indudecommunications
overhead (nomindly 17%6). This memo upddes the andysisfor mission requirements for
daavolume and daa storage.

2.0 Purpose

The purpos of thismemo isto establish data volume and storage requirements consstent
with the current conaept for IWST science indrument architecture and opeationsfor
detector readoutmodeand exposure timing, and the current concept for parallel science
ingrument opeaation.

2.1 Revisions

Revision B doauments theanadysis that leadsto the mission requirements for engineering
data volume, science data volume, and daa storage.

3.0  References
* Communicationsand Data Volume Study, 2001

« (Andysis of Caibration Planning Needs)) STSCI-NGST-TM-20020001, by R.
Henry and S. Casertano, 2002
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e (Dptimum Integration Times for Different Read ModesQ STSCI-NGST-TM-
2001-:0005,by M. Regan and P. Stockman, 2001

* MIRI OperationsConaept, 2003

* NIRCam OperationsConaept, 2003

* NIRSpec OpeationsConapt, 2003

*  JWST Mission OpeationsConapt, 2003

* Flight Observatory to GroundSegment Interface Requirements Document (IRD),
Rev 3,2003

4.0  Background

The JWST Science Ingrument Architecture has changed fromthe Y ardgick Mission.
TheNear-Infrared Camera (NIRCam) congsts of two modules that each provideparallel
long and short wavelength channds, with thelongwavelength channds usng 4k x 4k
pixel detector arrays and the short wavelength channds uang 2k x 2k pixel detector
arrays. The Near-Infrared Spectrograph (NIRSpec) congsts of asingle modue usng
adjoining 2k x 2k pixel detector arrays. The Mid-Infrared Ingrument (MIRI) conssts of
an imaging module usng one 1k x 1k pixel detector array and a spectrograph module
usngtwo 1k x 1k pixel detector arrays.

Datavolumeis primarily dependent uponthe need to removethe effects of coamic rays;
multiple read-outs are used to detect and remove pixels tha have been impacted by
cosmic rays striking theingrument detector. Thetotal expodure timeisinaeased so tha,
after removd of datafor coanic ray impact, therequired signd to naseratio isobtained
with some degree of confidence.

4.1.1 Radiation Environment
The Communication and Data V olume Study doauments the radiation backgroundas
follows:

* Thecogmicray rateis5.1 paticles’cm”2, as shown in Figure 1.

* Thenomnd solar particlerate is 5 particles’cm™2 during solar maximum (2012
2014)with 85% confidence for flux > 30 Mev (see Figure 2) and with 92%
confidence for flux > 50 MeV (see Figure 3). High solar paticle events which
precludeobtaining usable science datawill occur about5% of thetime during the
three years of solar maximum.

* For MIRI detectors (SIAswith 25-um pixel pitch), an average of 5.3 pixels will
beimpacted by each cogmic ray or solar particle impact (based uponUniversity of
Rochester testing of InSb detectors with 27-um pixel pitch).
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Figure 1. Gaactic Cosnic Ray backgroundrate at L 2.
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Figure 2. Solar Particle Rate at Solar Maximum for Flux > 30 MeV
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Figure 3. Solar Particle Rate at Solar Maximum for Flux > 50 MeV
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4.1.2 Multi-Accum Readout Mode
In Multi-Accum modethearray isread out nondestructively at intervals during the
integration. Intermediate frames may be averaged to reduce read naise before they are
sent to the solid state recorder (SSR) and downlinked to the ground. The main advantage
of Multi-Accum modeis tha cosmic rays can bergected onthe groundand samples
taken before and after acosmic ray hit are still useable. This allows longe integration
times and facilitates largeinareases in observing efficiency (Regan & Stockman 2001)
The second advantage of Multi-Accum modeisthat theinitia set of frames can be

defined separately from subsequent frames to facilitate anaysis of bright objects which
might saturate the detector in subsequent frames.

TheMulti-Accum readoutmodeis specified by thefollowing variables:
* Thenumbe of readouts averaged per frame in thefirst group

*  Thenumbe of framesin thefirst group

*  Thenumbe of readouts averaged per frame in subsequent groups
*  Thenumbe of frames in subequent groups

* Thetime beween groups(grouptime)

TheMulti-Accum readoutmodeisillugrated in Figure 4.

Multi-Accum Readout Mode
Integration
Group
Time
(RRRRRRRNS TTTTTTTTT TTTTTITTT TTTTTTTTT TTTTTTTTT T
Average Average Average Average Average Average
Frames Frames Frames Frames Frames Frames
Group Group Group Group Group Group

Figure 4. Multi-Accum readoutmode

4.1.3 Assumptions

Thefollowing assumptionspertain to the data volume study:

* Multi-accum readoutmode Theopeaationsconaepts for al Slsindicate tha
multi-accum readoutmodewill be used with oneor more readout averaged per
frame and oneframe pe group,induding thefirst group.

* Communications Thecurrent opaationsconaeptisto use the Deep Space
Network (DSN) for communications with aminimum contact duration of 8 hous
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per day. A dedicated groundstationtha provided a minimum contact duration of
8 hours would provide amean contact duration of 10.5 hours (an average margin
of 25%). For thisandyss, we assume a 15% margin on science data and 5%
margin on engineering telemetry daa

NIRCam daavolume. The Study assumed a NIRCam data volume of 46.1
Mpixels per frame. Thiswas based uponthe Y ardstick ingrument with three 4k x
4k detector arrays where one 2k x 2k detector segment was used for guiding. The
current NIRCam has two 4k x 4k and two 2k x 2k detector arrays for atotal of
419 Mpixels per frame..

Parallel opeaations The Study assumed parallel operationswith all three science
ingruments. The current opeationsconcept isto only opeate onescience
ingrument in parallel for calibrations Henry and Casertano (2002)indicate a
requirement for aminimum of 11-12%paalel calibrationtime. For thisandysis,
we consder paalld calibration opaationsof 24%to alow for scheduling
flexibility.

Coamic ray impact. The Study assumed an impact of 5.3 pixels pe cogmic ray
for 20-um pixels, butthis was based primarily on testing data for InSb detectors
with 27-um pixels. Thedeectors selected for NIRCam, NIRSpec and FGS use
are Rockwell HgCdTe detectors with 18-um pixels. Asaresult, we congder the
possibility that al surrourding pixels will beimpacted dueto thesmall size of the
pixels (i.e. 9 pixels pea coamic ray).

Cogmic ray removd. Inthis study, we assume tha a 95% confidence level for
signd-to-noise ratio will be achieved after coamic ray remova. Overhead isthe
additiond exposure time required to achieve the assumed confidence level, given
aparticular grouptime (time between groupy. We assume tha an acceptable
overhead isnomally between 5-10% We note that both NIRSpec and MIRI
have limited margin onthe sengtivity requirement, and desire an overhead of less
than 2%. MIRI have indicated a desired grouptime of 30 seconds(MIRI
OpeationsConaept) and NIRSpec have indicated a desired group time of 50
seconds

Data volume requirement. The Mission Requirements doaument specifiesa
requirement to downlink 229 Gbits of compressed science daa (compressed from
458 Gbits) and 6.3 Gbits of uncompressed engineering telemetry daa. The
current requirements result in a minimum contact duration of 9.6 hours (based
uponan 8 Mbpsdownlink rate and 1 7% communicationsprotocol overhead) and
daa storage capecity of lessthan 41 hours.

Data storage requirement. The Mission Requirements doaument specifies adaa
recorder capecity of 401 Gbits. Thisis sufficient to store about41 hours of
compressed science and engineering telemetry, which will suppot loss of one
contact if thecontacts are evenly spaced,
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4.1.4 Cosmic Ray Mitigation

When a coamic ray hits adetector, it deposts charge as it moves throughthe detector.
This chargeis dissipaed throughthe detector to impact a nunber of pixels. Usudly, one
pixel receives mog of the chargefrom acosmic ray impact. When multiple groupsand
integrationsare taken, the daafor each pixel can be andyzed to determinewhether a
coamic ray has hit thepixel, and thedaafor tha pixel can beremoved. Adjacent or
surrounding pixels may also be affected, and theimpact may either bedetected or the
datamay beroutindy removed.

When a pixel isremoved dueto coamic ray impact, thetotal exposure time for theimage
a tha pointisreduaed, thusredudngthe sengtivity. To compensate for thisredudion,
additiond daa frames are taken to inarease the number of samples and total exposure
time. Theadditiond exposuretimeisreferred to as overhead, expressed as a percentage
increase in exposdure time.

Andysis shows tha the Yardgick Mission readout methodobgy (1000second Fowler
exposaures) would require a40-60% overhead for coamic ray mitigationto achieve 95%
confidence levels for required sengtivity. A Multi-Accum modewith 240 second group
time (as assumed in the Communications Study) would require an 8-13%overhead.
These numbers are based upona coamic ray impact of beween 5 and 9 pixels, asis
anticipaed for the HgCdTe detectors with 18-um pixels. Shorter grouptimeis
recommended to reduce overhead to 5-10%.

It is also necessary to generate aminimum number of samples for effective coamic ray
detection andrgjection. It isgenerally recommended tha at least 25-30 samples betaken
to establish an estimate of themean. This estimate will be within 35%of themean to a
95% confidence level. Typical cosmic ray rejection algorthms are multi-pass, rejecting
pixelstha are 5-0 and then 2-o or 3-o deviations and then rglecting naghbaing pixels
tha will besubject to cross-coupling.

While a 240 secondgrouptime will provide sufficient samples for mos DRM programs
(which call for 10,000 second exposures for surveys and 100000 second exposures for
deep obervationg, there will beanunber of Geneaal Observer programs tha will
observe brighter targets and will have subgantially shorter exposure times. A scenaio of
shorter observation programs with slews and guide star acquisitionswill also be
andyzed.

5.0  Data Volume Analysis

Thefollowing andysis will establish recommended daa volume requirements.

51 Cosmic Ray Impact

Thecosamic ray impact will depend uponthesize of pixels (pitch) in the selected
detectors. For near-infrared detectors, HgCdTe detectors with 18-pum pixel pitch,
manufactured by Rockwell Scientific, have been selected. For mid-infrared detectors,
SiAs detectors with 25-um pixel pitch, manufactured by Raytheon, have been selected.
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A 1000secondintegration with 18-um pixel detectors will have 16-26% of pixels
impacted by coamic rays, based upona coamic ray impact of 5.3to 9 pixels. Thisis
based on thefollowing Poisson statistics:

D =1 second
L =(5.145)*5.3%(0.0018)
=0.000173

P{N (1000p1} = 1 - e(~-000173*1000) ¢ 159

On the other hand, a 1000-second integration with 25-um pixel detectors will have at
least 57% of pixelsimpacted by coamic rays, based upona coamic ray impact of 5.3
pixels.

D =1 second
L = (5.145)*5.3%(0.0025)
=0.000845

P{N (10001} = 1 - ¢(~-000845*1000) 57

Cosamic ray impact is mitigated by reduang the grouptime and by increasing the
exposure time, so tha when pixelstha are impacted by coamic rays are removed, the
resulting exposure time is sufficient to achieve thedesired signd to noise. Table 1 shows
thegrouptime required to obtain an effective exposure time of 10,000seconds for
variouspercentage increases in exposure time (overhead). These values are determined
for theradiation environment of solar maximum, with 95% confidence levels, for 18-um
pixels with a coamic ray impact of 5.3 pixels and 9 pixels and for 25-um pixelswith a
cosmic ray impact of 5.3 pixels. These values are calculated from thebinomal
distribution. For example, with 18-um pixels and a 9-pixel impact, a grouptime of 200
secondswill require an expoaure time of 11,000seconds(10% overhead) to obtain an
effective expoaure time of 10,000 secondsafter cosmic ray processing.
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18-pum 25-um
Pixel Pixel

5.3 Pixel 9 Pixel 5.3 Pixel

Overhead

Impact Impact Impact
1% 33 19 16
2% 65 39 33
3% 98 59 49
4% 130 78 65
5% 161 98 82
6% 192 117 98
7% 227 137 117
8% 270 161 133
9% 302 181 151
10% 333 200 166
11% 370 222 185
12% 400 243 200
13% 434 262 217
14% 475 285 237
15% 500 302 250

Table 1. Grouptimefor 95% confidence in signd-to-noise at Solar Maximum
Figure 5 shows aplot of thedaain Table 1.

Group Time for Overheads at Solar Maximum

400 - /
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Figure 5. Grouptime for 95% confidence in signd-to-noise at Solar Maximum

NIRCam, NIRSpec and FGS will al use the same 18- um HgCdTe deectors, while MIRI
will use the 25-um S As deectors. Asthistable shows, thegrouptime for NIRCam,
NIRSpec, and FGS exposures mug beless than 200 seconds and the grouptime for
MIRI mug beless than 166 seconds to ensure tha overhead does not exceed 10%
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* For NIRCam and FGS-TF obsrvations agrouptime of 200secondswill ensure
tha theoverhead isless than 10% over therangeof cosmic ray impact of 5.3t0 9
pixels. At thelower end of the cosmic ray impact range the overhead would be
about6%.

* For NIRSpec obsrvations thedesired grouptimeis 50 seconds(NIRSpec
OpeationsConaept). Thiswill result in an overhead of less than 3% over the
rangeof cosmic ray impact.

* For MIRI observations thedesired grouptime is30 seconds(MIRI Operations
Conaept). Thiswill result in an overhead of less than 2% for coamic ray impact of
5.3 pixels.

5.2  Operations Concept

The current opeaationsconaoept assumes the following readoutmodes:

NIRCam observationsare taken with a multi-accum readoutmodewith asingle frame at
the start of theintegration and anomnd 1000secondintegration. Required grouptime
is200seconds

FGS-TF observationswith tunable fileters are assumed to be taken with the same settings
asfor NIRCam. Tha is, with amulti-accum readoutmodewith asingle frame at the start
of theintegration andanomina 1000 secondintegration. Required grouptimeis 200
seconds

NIRSpec obervationsare taken with a multi-accum readoutmodewith a single frame at
the start of theintegration and anomnd 4000secondintegration. Required grouptime
is 50 seconds

MIRI obsrvationsare taken with a multi-accum readoutmodewith asingle frame at the
start of theintegration and anomina 1000secondintegration. Required grouptimeis 24
seconds

Onescience ingrument will be opeated in paralel for paralel calibrations Since
calibrationstha can bedonein parallel will require 11-12% of the science exposure time
(Henry and Cassertano 2002) we consde a consrvative requirement for 24%of paallel
ingrument opeaationsto permit scheduling flexibility.

A short observation scenario is defined to suppott an observation of brighter objects
which require 3750second exposure time (nomindly 30 frames of 125 secondseach).
We assume Fowler sampling, 3 filters with oneexpoaire pe filter, and 3600secondsfor
dew and guide star acquisition. Thisresultsin avisit duration of about3 hours plusone
hourbetween visits for dew and guide star acquisition, or 6 visits per day.

5.3 Engineering Data Volume — Total
Table 2 shows thetotal daavolume for engineering data. We assume thefollowing:

Released via JWST Science and Operations Center Configuration Management Office.

-9.-



JWST-STScl-000781
SM-12

» Therecorded datavolume will provideat least 50% margin agang minimum
telemetry daa and packetization requirements. The actud margin tha results
from the current requirement is 63%

* A telemetry downlink daarate of 40 kbpsis required for real-time telemetry.
A telemetry filter process will beused to permit recording at ahighe rate, and
we assume atelemetry daarate of upto 64 kbpswill be suppoted within the
margin requirements.

* Theorigind concept induded capture of FGS acquisition images, assuming
two images pe guide star, three guide stars per vidt, and two visits per day
for atotal of 12images. In the current conaept, this datawill betreated as
science daa and will notbepart of theengineering telemetry daa.

» Capture of FGStracking data congsting of a4x4 pixel box at 16 Hz.

» A telemetry packetization overhead of 11% tha isimposed by the C& DH
subsystems. Thisisbased upona 6 byte packet header, 8 byte seconday
heade containing atime code and an average packet data length of 128bytes.
An average packet datalength of 96 bytes will be suppoted within the margin
requirements.

* CCSDS packetization overhead of 2% and Reed-Solomon overhead of 15%
tha is applied to thedaa during downlink. The CCSDS packetization
overhead is based upona 2 byte PDU header, 10 byte VCDU heade and
footer, frame sync, and an average user datafield of 1024bytes daaand 12
bytes packet overhead.

Table 2 shows tha therecorded datavolume is 6.3 Gbitsday and thedownlinked daa
volumeis 7.4 Gbitgday.
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Capacity Minimum
Constants Data Constants Data
Volume Volume

Engineering Data

Engineering Data Rate (kbps) 64 40

Engineering Data Volume

(Gbits/Day) >+ 3:5
FGS Data

Guiding Data Dimension (Pixels) 4 4

Guiding Data Sample Rate (Hz) 16 16

Engineering Data Packetization (%) 11% 11%

Guiding Data Volume (Gbits/Day) 0.4 0.4
Margin 5% 63%
Recorded Data Volume
(Gbits/day) 63 63
Communications Overhead

CCSDS Packetization (%) 2% 2%

Reed Soloman (%) 15% 15%
Downlink Data Volume (Gbits/Day) 7.6 7.6

Table 2. Engineering Data Volume

5.4  Compressed Science Data Volume - Frame
Since science datawill be compressed by a 2:1 lossless compression algorithm before
recording and downlink, we calculate all science data volumes for the compressed form.

Table 3 shows the compressed data volume pe frame for each SI. We assume tha both
modules of NIRCam will be opeated smultaneoudy, and tha only onemodule of the
MIRI will be opeated at atime (with the Spectrograph generating thelargest daa
volume).
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NIR NIR
Cam Cam NIR NIR FGS
Constants Short | Long Cam Spec MIR Inst TF

Wave | Wave
Nominal Exposure Time 1000 | 4000 | 1000 | 1000
Pixels / Row 4096 | 2048 2048 1024 | 2048
Pixels / Column 4096 | 2048 4096 1024 | 2048
Bits / Pixel 16
Number of Modules 2 1 2 2
Mbits / Frame (one Module) 336 134 17 67
Mbits / Frame (all Modules) 671 134 34 134
Compression Ratio 2
Compressed Frame Size
(Mbits) 336 67 17 67

Table 3. Compressed Science Data Volume pe Frame

5.5  Compressed Science Data Volume - Daily

Thedaly daavolumes are calculated based uponthefollowing assumptions

* Thedaavolume will provide 15% margin.

* Dithering between integrationswill require 30 seconds

* A telemetry packetization overhead of 2% will beimposd by the C&DH
subsystems. Thisisbased upona 6 byte packet header, 8 byte seconday header

containing atime code and an average packet datalength of 1024 bytes.

* CCSDS packetization overhead of 2% and Reed-Solomon overhead of 15%will
be applied to thedaa during downlink. The CCSDS packetization overhead is
based upona 2 byte PDU header, 10 byte VCDU heade and footer, frame sync,
and an average user datafield of 1024 bytes daa and 14 bytes header.

Figure 6 shows the compressed NIRCam daly data volume, in Gbits, as afundion of

overhead percentage usng corresponding grouptimes for 5.3 pixel and 9 pixel impeact by

cosmic rays.
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NIRCam Compressed Data Volume by Overhead
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Figure 6. Compressed NIRCam daly daavolume by overhead.

Thisfigure shows that NIRCam can generate up to 200 Gbits of compressed science data
per day with grouptimes tha correspondto an overhead of 5-8%, depending uponpixel
impact from coamic rays.

Figure 7 shows the compressed NIRSpec data volume, in Gbits, as afundion of overhead
percentage, usng corresponding grouptimesfor 5.3 pixel and 9 pixel impact by cosmic
rays.
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Figure 7. Compressed NIRSpec daly data volume by overhead.
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The compressed NIRSpec daly daa volume for a50 secondgrouptimeis 116 Gbits.
Thegrouptime for 2% overhead is 39 to 65 seconds(corresponding to 9 and 5.3 pixel
cosmic ray impact, respectively), with the corresponding compressed daa volume
between 90 and 149 Gbits.

Figure 8 shows the compressed MIRI daavolume, in Gbits, as afundion of overhead
percentage

MIRI Compressed Data Volume by Overhead
125 -
§E 100 \ |——5.3 pixel impact [
2

©
T \
PE 50
23
x
S 25

0 T T T T T T T 1

0% 2% 4% 6% 8% 10% 12% 14% 16%

Overhead

Figure 8. Compressed MIRI daly daavolume by overhead.

Thecompressed MIRI daly data volume for a24 second grouptime is 69 Gbits. The
grouptime for 2% overhead is 33 seconds, with acorrespondng daa volue of 54 Gbits.

These figures show that NIRCam clearly drives the data volume requirements, and that
NIRSpec and MIRI can beopeated at about2% overhead and still satisfy thedaa
volume requirements.

Table 4 shows thetotal daavolume. NIRCam has the greatest data volume and NIRSpec
has the second greatest, so in thisandysis NIRCam is consdered the prime ingrument
and NIRSpec is consgdered the parallel ingrument.
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Constants (E\lala S'\:)IEC MIRI F_IE;FS Total
Exposure Duration
Dither Time / Integration 30
Readout Duration 12 12 3 12
Group O
Frames / Group 1 1 ‘ 1 ‘ 1
Group N
Frames / Group 1 1 1 1
Time Between Groups 200 50 30 200
Number of Groups 5 80 34 5
Number of Groups / Integration 6 81 35 6
Integration Time 1012 4012 1023 1012
Integrations / Day 83 21 82 83
?ggl‘f;f;zi‘; Data Volume 167 116 | 48 34
Packet & Secondary Header 2%
Margin 15%
Instrument Data Volume 196 136 57 40
(Gbits/Day)
Utilization (%) 100% 24%
Combined Data Volume (Gbits/Day) 229
Overhead
Science Data Packetization 2%
Reed-Solomon 15%
Downlink Data Volume (Gbits/Day) 276

Table 4. Datavolume for al SIswith NIRCam prime and NIRSpec paalléel.

5.6 NIRCam Short Observation

We congder a short obervation scenario which requires 30 integrationsper filter, 3
filters per visit, with each integration a Fowler readoutand with dithering between each
integration. A series of these short visitsis scheduled in oneday, with 3600seconds
allocated for dewing and guide star acquisition between each visit. Asshown in Figure
9, thedaavolume requirement will be satisfied for integration durationsof 75 secondsor

greater.
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NIRCam Short Observation Compressed Data Volume
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Figure 9. Compressed daa volume for NIRCam short observation scenario.
5.7  Annual Data Volume - DRM Analysis
The DRM provides adistribution of science programs usng each of thescience

ingruments (except FGS Tunable Filters). Table 5 shows vauesfor averagedaly and
annud daa volume In thistable, thevalues are computed as follows:

* Compressed data volume D These are taken from Table 4.

* Averagedaavolume DThisisthevaueafter applyingthe DRM percentage and
theparallel opaationspecentageto thedaa

* Annud daavolume BThisistheaverage daavolume after annudizing and
applying the efficiency percentage

e Total annud daavolume B Thisisthesum of theannud daa volume values for
NIRCam, NIRSpec and MIRI.

Constants NIR NIR Spec| MIRI

Cam
DRM Percentage

51% 28% 21%
Parallel Operations 12%
Efficiency 85%
Compressed Data Volume
(Gbits/day) 196 136 57
Average Data Volume
(Gbits/day) 112 43 13
Annual Data Volume (Tbytes) 4.3 1.7 0.5
Total Annual Data Volume
(Thytes) 6.5

Table5. Averageannuladaavolume with DRM distribution
Released via JWST Science and Operations Center Configuration Management Office.
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5.8 Data Recorder Capacity

The daarecorder is sized to accommodae loss of onecommunicationscontact. If
contacts are spaced evenly, then thetime between contactsis a mog 16 hours, and the
time between contacts if onecontact islos is40hours. A capecity of 41 hours provides
onehourto begin downlink and release data so tha additiond data can berecorded. It
will take about22 minutes to downlink all recorded engineering telemetry; in the
remaining 38 minutes science data can be downlinked and storage space released for
continued recording.

At themaximum daa rate, therecorder will remain near capecity if asingle contact is
log, asillugrated in Figure 10.

Recorder Utilization With One Missed Contact

(9.3 Hour Contact, 229 Gbits Science Data)
400 ~

2 /N /N /N /\
o S NN

€ 200
=
2 /
9 150
AN/
8 100
s . /N / \ /
N N | | | |
0 24 48 72 96 120 144 168

Hour

Figure 10. Recorder utilization with onemissed contact at maximum data rate.

Theaverage daarate, based uponthe DRM, will be 172 Gbits per day. At tha rate, the
recorder will return to nomind within 4 contacts after onecontact islog, asilludrated in
Figure 11.
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Recorder Utilization With One Missed Contact
(9.3 Hour Contact, 172 Gbits Science Data)
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Figure 11. Recorder utilization with onemissed contact at maximum data rate.

5.8.1 Data Recorder Concerns

With the selection of DSN as the communicationsprovider, and the requirement to
provide ranging data from groundstationsalternating between Northern and Southern
Hemisphees, the separation between communicationscontacts could belarger than 16
hours. If werequire at least onecontact every 24 hours, then thetime between contacts if
onecontact islog could beas much as 48 hous. Thus thedaarecorder should besized
to accommodae at least two days worth of daa, or 471 Gbits, to avoid daaloss dueto
loss of onecontact.

Thedaa recorder will be partitioned to provide separate access to each C& DH subg/stem
(Spacecraft, ISIM, and FGS). Each patition should be sized to avoid dataloss dueto
loss of onecontact. Asaresult, theengineering data partition should be 13 Gbits, the
science daa patition for the FGS-TF should be 80 Gbits (assuming as well tha FGS-TF
daa are compressed), and the science data partition for the remaining science ingruments
(NIRCam, NIRSpec and MIRI) should be458 Gbits. Thetotal daa recorder size should
thusbe 551 Gbits. Degradation from beginning to end of life over 5 yearsis estimated to
result in a 16% loss of capecity, so thedaa recorder size at beginning of life should be
656 Gbits. Datarecorders are typically sized in increments of 128 Gbits; so the nearest
size to therecommended would be 640 Gbits, which iswithin 2.5%. A corresponding
relaxation of the margin requirement on science daa volume would pemit this size to be
used on JWST.

6.0  Ancillary Material

Thefollowing spreadsheets contain data used to generate the plots in this Technical
Report:
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* JWST-STScl-000781B1 .xIs BData volume tables.
* JWST-STScl-000781B2.xIs BOverhead figures
* JWST-STScl-000781B3.xIs BRadiation figures.
* JWST-STScl-000781B4 xls DRecorder utilization figures.
* JWST-STScl-000781B5.xlIs -- Updaed data volume.
7.0  Conclusion
Thefollowing table summarizes theresults of thedata volume andysis:
Observation Parameters
Group Times Overhead
NIRCam 200seconds <10%
NIRCam Short Observation 75 seconds
NIRSpec 50 seconds <3%
MIRI 24 seconds <3%
FGS 200seconds <10%
Dithering 30 seconds
Science Engineering
Parallel Operations 24%
Margin 15% >50%
Data Volume
Recorded 229 Gbits 6.3 Gbits
Downlink 276 Gbits 7.6 Gbits
Recorder Capacity (<41 hours) 390 Ghbits 11 Gbits
Recommended Recorder Capacity EOL BOL
~551 Gbits 640 Gbits
Annual Data Volume (DRM) 6.5 TBytes

Table 6. Summary of results.
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