
Released via JWST Science and Operations Center Configuration Management Office 
Operated by AURA for NASA under Contract NAS5-03127. 

 
Title:   

JWST Data Volume Analysis 
Doc #: 

Date: 

Rev: 

JWST-STScI-000781, SM-12  

December 10 2003 
Baseline (-) 

Authors:   

John C. Isaacs 

Phone:   

410-338-4528 

Release Date: 30 January 2006 

 

 
1.0 Abstract  
The Communications and Data Volume Study of 2001 established a data volume 
requirement of 232 Gbits per day for JWST, and a storage capacity of 401 Gbits, based 
upon Yardstick Mission science instruments and a multi-accum readout mode.  Mission 
requirements were based upon the recommendations of the Study for minimum data 
volume, rate and contact duration.  Since that study, JWST science instruments have been 
selected and operations concepts for those instruments are being developed, including 
more specific requirements on readout mode, exposure timing and parallel operation.   
Mission requirements have also changed to specify a data volume requirement of 229 
Gbits per day for compressed science data and 6.3 Gbits per day for uncompressed 
engineering telemetry data. Neither of these requirements include communications 
overhead (nominally 17%).  This memo updates the analysis for mission requirements for 
data volume and data storage. 
 
2.0 Purpose 
The purpose of this memo is to establish data volume and storage requirements consistent 
with the current concept for JWST science instrument architecture and operations for 
detector readout mode and exposure timing, and the current concept for parallel science 
instrument operation. 

2.1 Revisions 

Revision B documents the analysis that leads to the mission requirements for engineering 
data volume, science data volume, and data storage. 

 
3.0 References 

• Communications and Data Volume Study, 2001 

• ÒAnalysis of Calibration Planning NeedsÓ, STSCI-NGST-TM-2002-0001, by R. 
Henry and S. Casertano, 2002 
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• ÒOptimum Integration Times for Different Read ModesÓ, STSCI-NGST-TM-
2001-0005, by M. Regan and P. Stockman, 2001  

• MIRI Operations Concept, 2003 

• NIRCam Operations Concept, 2003 

• NIRSpec Operations Concept, 2003 

• JWST Mission Operations Concept, 2003 

• Flight Observatory to Ground Segment Interface Requirements Document (IRD), 
Rev 3, 2003  

4.0 Background 
The JWST Science Instrument Architecture has changed from the Yardstick Mission.  
The Near-Infrared Camera (NIRCam) consists of two modules that each provide parallel 
long and short wavelength channels, with the long wavelength channels using 4k x 4k 
pixel detector arrays and the short wavelength channels using 2k x 2k pixel detector 
arrays.  The Near-Infrared Spectrograph (NIRSpec) consists of a single module using 
adjoining 2k x 2k pixel detector arrays.  The Mid-Infrared Instrument (MIRI) consists of 
an imaging module using one 1k x 1k pixel detector array and a spectrograph module 
using two 1k x 1k pixel detector arrays. 

Data volume is primarily dependent upon the need to remove the effects of cosmic rays; 
multiple read-outs are used to detect and remove pixels that have been impacted by 
cosmic rays striking the instrument detector. The total exposure time is increased so that, 
after removal of data for cosmic ray impact, the required signal to noise ratio is obtained 
with some degree of confidence. 

4.1.1 Radiation Environment 

The Communication and Data Volume Study documents the radiation background as 
follows: 

• The cosmic ray rate is 5.1 particles/cm^2, as shown in Figure 1. 

• The nominal solar particle rate 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 particle events which 
preclude obtaining usable science data will occur about 5% of the time during the 
three years of solar maximum. 

• For MIRI detectors (SiAs with 25-µm pixel pitch), an average of 5.3 pixels will 
be impacted by each cosmic ray or solar particle impact (based upon University of 
Rochester testing of InSb detectors with 27-µm pixel pitch).  
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Figure 1.  Galactic Cosmic Ray background rate at L2. 
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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 mode the array is read out non-destructively at intervals during the 
integration.  Intermediate frames may be averaged to reduce read noise before they are 
sent to the solid state recorder (SSR) and downlinked to the ground.  The main advantage 
of Multi-Accum mode is that cosmic rays can be rejected on the ground and samples 
taken before and after a cosmic ray hit are still useable. This allows longer integration 
times and facilitates large increases in observing efficiency (Regan & Stockman 2001).  
The second advantage of Multi-Accum mode is that the initial set of frames can be 
defined separately from subsequent frames to facilitate analysis of bright objects which 
might saturate the detector in subsequent frames. 

The Multi-Accum readout mode is specified by the following variables: 

• The number of readouts averaged per frame in the first group 

• The number of frames in the first group 

• The number of readouts averaged per frame in subsequent groups 

• The number of frames in subsequent groups 

• The time between groups (group time) 

The Multi-Accum readout mode is illustrated in Figure 4. 

Figure 4.  Multi-Accum readout mode. 

 

4.1.3 Assumptions 

The following assumptions pertain to the data volume study: 

• Multi-accum readout mode. The operations concepts for all SIs indicate that 
multi-accum readout mode will be used with one or more readouts averaged per 
frame and one frame per group, including the first group. 

• Communications.  The current operations concept is to use the Deep Space 
Network (DSN) for communications, with a minimum contact duration of 8 hours 
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per day.  A dedicated ground station that provided a minimum contact duration of 
8 hours would provide a mean contact duration of 10.5 hours (an average margin 
of 25%).  For this analysis, we assume a 15% margin on science data and 5% 
margin on engineering telemetry data. 

• NIRCam data volume.  The Study assumed a NIRCam data volume of 46.1 
Mpixels per frame.  This was based upon the Yardstick instrument 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 a total of 
41.9 Mpixels per frame.. 

• Parallel operations.  The Study assumed parallel operations with all three science 
instruments.  The current operations concept is to only operate one science 
instrument in parallel for calibrations.  Henry and Casertano (2002) indicate a 
requirement for a minimum of 11-12% parallel calibration time.  For this analysis, 
we consider parallel calibration operations of 24% to allow for scheduling 
flexibility.    

• Cosmic ray impact.  The Study assumed an impact of 5.3 pixels per cosmic ray 
for 20-µm pixels, but this was based primarily on testing data for InSb detectors 
with 27-µm pixels.  The detectors selected for NIRCam, NIRSpec and FGS use 
are Rockwell HgCdTe detectors with 18-µm pixels.  As a result, we consider the 
possibility that all surrounding pixels will be impacted due to the small size of the 
pixels (i.e. 9 pixels per cosmic ray). 

• Cosmic ray removal.  In this study, we assume that a 95% confidence level for 
signal-to-noise ratio will be achieved after cosmic ray removal.  Overhead is the 
additional exposure time required to achieve the assumed confidence level, given 
a particular group time (time between groups).  We assume that an acceptable 
overhead is normally between 5-10%.  We note that both NIRSpec and MIRI 
have limited margin on the sensitivity requirement, and desire an overhead of less 
than 2%.  MIRI have indicated a desired group time of 30 seconds (MIRI 
Operations Concept) and NIRSpec have indicated a desired group time of 50 
seconds. 

• Data volume requirement.  The Mission Requirements document specifies a 
requirement to downlink 229 Gbits of compressed science data (compressed from 
458 Gbits) and 6.3 Gbits of uncompressed engineering telemetry data.  The 
current requirements result in a minimum contact duration of 9.6 hours (based 
upon an 8 Mbps downlink rate and 17% communications protocol overhead) and 
data storage capacity of less than 41 hours. 

• Data storage requirement.  The Mission Requirements document specifies a data 
recorder capacity of 401 Gbits.  This is sufficient to store about 41 hours of  
compressed science and engineering telemetry, which will support loss of one 
contact if the contacts are evenly spaced,  
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4.1.4 Cosmic Ray Mitigation 

When a cosmic ray hits a detector, it deposits charge as it moves through the detector.  
This charge is dissipated through the detector to impact a number of pixels.  Usually, one 
pixel receives most of the charge from a cosmic ray impact.  When multiple groups and 
integrations are taken, the data for each pixel can be analyzed to determine whether a 
cosmic ray has hit the pixel, and the data for that pixel can be removed. Adjacent or 
surrounding pixels may also be affected, and the impact may either be detected or the 
data may be routinely removed. 

When a pixel is removed due to cosmic ray impact, the total exposure time for the image 
at that point is reduced, thus reducing the sensitivity.  To compensate for this reduction, 
additional data frames are taken to increase the number of samples and total exposure 
time.  The additional exposure time is referred to as overhead, expressed as a percentage 
increase in exposure time. 

Analysis shows that the Yardstick Mission readout methodology (1000 second Fowler 
exposures) would require a 40-60% overhead for cosmic ray mitigation to achieve 95% 
confidence levels for required sensitivity. A Multi-Accum mode with 240 second group 
time (as assumed in the Communications Study) would require an 8-13% overhead.  
These numbers are based upon a cosmic ray impact of between 5 and 9 pixels, as is 
anticipated for the HgCdTe detectors with 18-µm pixels. Shorter group time is 
recommended to reduce overhead to 5-10%. 
It is also necessary to generate a minimum number of samples for effective cosmic ray 
detection and rejection.   It is generally recommended that at least 25-30 samples be taken 
to establish an estimate of the mean.   This estimate will be within 35% of the mean to a 
95% confidence level.  Typical cosmic ray rejection algorithms are multi-pass, rejecting 
pixels that are 5-σ and then 2-σ or 3-σ deviations, and then rejecting neighboring pixels 
that will be subject to cross-coupling.  
While a 240 second group time will provide sufficient samples for most DRM programs 
(which call for 10,000 second exposures for surveys and 100,000 second exposures for 
deep observations), there will be a number of General Observer programs that will 
observe brighter targets and will have substantially shorter exposure times.  A scenario of 
shorter observation programs with slews and guide star acquisitions will also be 
analyzed. 

 
5.0 Data Volume Analysis 
 
The following analysis will establish recommended data volume requirements. 
 
5.1 Cosmic Ray Impact 

The cosmic ray impact will depend upon the size of pixels (pitch) in the selected 
detectors.  For near-infrared detectors, HgCdTe detectors with 18-µm pixel pitch, 
manufactured by Rockwell Scientific, have been selected.  For mid-infrared detectors, 
SiAs detectors with 25-µm pixel pitch, manufactured by Raytheon, have been selected.  
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A 1000-second integration with 18-µm pixel detectors will have 16-26% of pixels 
impacted by cosmic rays, based upon a cosmic ray impact of 5.3 to 9 pixels.  This is 
based on the following Poisson statistics: 

D = 1 second 

L = (5.1+5)*5.3*(0.0018)2 

 = 0.000173 

P{N (1000)>1} = 1 - e(-.000173*1000) = 0.159 

 

On the other hand, a 1000-second integration with 25-µm pixel detectors will have at 
least 57% of pixels impacted by cosmic rays, based upon a cosmic ray impact of 5.3 
pixels. 

D = 1 second 

L = (5.1+5)*5.3*(0.0025)2 

 = 0.000845 

P{N (1000)>1} = 1 - e(-.000845*1000) = 0.57 

 

Cosmic ray impact is mitigated by reducing the group time and by increasing the 
exposure time, so that when pixels that are impacted by cosmic rays are removed, the 
resulting exposure time is sufficient to achieve the desired signal to noise.  Table 1 shows 
the group time required to obtain an effective exposure time of 10,000 seconds, for 
various percentage increases in exposure time (overhead).  These values are determined 
for the radiation environment of solar maximum, with 95% confidence levels, for 18-µm 
pixels with a cosmic ray impact of 5.3 pixels and 9 pixels and for 25-µm pixels with a 
cosmic ray impact of 5.3 pixels.  These values are calculated from the binomial 
distribution.  For example, with 18-µm pixels and a 9-pixel impact, a group time of 200 
seconds will require an exposure time of 11,000 seconds (10% overhead) to obtain an 
effective exposure time of 10,000 seconds after cosmic ray processing. 
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  18-µm 
Pixel 

25-µm 
Pixel 

Overhead 5.3 Pixel  
Impact  

9 Pixel  
Impact   

5.3 Pixel  
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.  Group time for 95% confidence in signal-to-noise at Solar Maximum 

Figure 5 shows a plot of the data in Table 1. 
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Figure 5.  Group time for 95% confidence in signal-to-noise at Solar Maximum 

NIRCam, NIRSpec and FGS will all use the same 18-µm HgCdTe detectors, while MIRI 
will use the 25-µm SiAs detectors.  As this table shows, the group time for NIRCam, 
NIRSpec, and FGS exposures must be less than 200 seconds, and the group time for 
MIRI must be less than 166 seconds, to ensure that overhead does not exceed 10%.   
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• For NIRCam and FGS-TF observations, a group time of 200 seconds will ensure 
that the overhead is less than 10% over the range of cosmic ray impact of 5.3 to 9 
pixels.  At the lower end of the cosmic ray impact range,  the overhead would be 
about 6%.  

• For NIRSpec observations, the desired group time is 50 seconds (NIRSpec 
Operations Concept).  This will result in an overhead of less than 3% over the 
range of cosmic ray impact. 

• For MIRI observations, the desired  group time is 30 seconds (MIRI Operations 
Concept). This will result in an overhead of less than 2% for cosmic ray impact of 
5.3 pixels. 

 

5.2 Operations Concept 

The current operations concept assumes the following readout modes:  

NIRCam observations are taken with a multi-accum readout mode with a single frame at 
the start of the integration and a nominal 1000 second integration.  Required group time 
is 200 seconds.  

FGS-TF observations with tunable fileters are assumed to be taken with the same settings 
as for NIRCam.  That is, with a multi-accum readout mode with a single frame at the start 
of the integration and a nominal 1000 second integration.  Required group time is 200 
seconds. 

NIRSpec observations are taken with a multi-accum readout mode with a single frame at 
the start of the integration and a nominal 4000 second integration.  Required group time 
is 50 seconds. 

MIRI observations are taken with a multi-accum readout mode with a single frame at the 
start of the integration and a nominal 1000 second integration.  Required group time is 24 
seconds 

One science instrument will be operated in parallel for parallel calibrations. Since 
calibrations that can be done in parallel will require 11-12% of the science exposure time 
(Henry and Cassertano 2002), we consider a conservative requirement for 24% of parallel 
instrument operations to permit scheduling flexibility. 

A short observation scenario is defined to support an observation of brighter objects 
which require 3750 second exposure time (nominally 30 frames of 125 seconds each).  
We assume Fowler sampling, 3 filters with one exposure per filter, and 3600 seconds for 
slew and guide star acquisition.  This results in a visit duration of about 3 hours plus one 
hour between visits for slew and guide star acquisition, or 6 visits per day. 

 

5.3 Engineering Data Volume – Total 

Table 2 shows the total data volume for engineering data.  We assume the following: 
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• The recorded data volume will provide at least 50% margin against minimum 
telemetry data and packetization requirements.  The actual margin that results 
from the current requirement is 63%. 

• A telemetry downlink data rate of 40 kbps is required for real-time telemetry.  
A telemetry filter process will be used to permit recording at a higher rate, and 
we assume a telemetry data rate of up to 64 kbps will be supported within the 
margin requirements. 

• The original concept included capture of FGS acquisition images, assuming 
two images per guide star, three guide stars per visit, and two visits per day 
for a total of 12 images. In the current concept, this data will be treated as 
science data and will not be part of the engineering telemetry data. 

• Capture of FGS tracking data consisting of a 4x4 pixel box at 16 Hz.    

• A telemetry packetization overhead of 11% that is imposed by the C&DH 
subsystems.  This is based upon a 6 byte packet header, 8 byte secondary 
header containing a time code, and an average packet data length of 128 bytes.  
An average packet data length of 96 bytes will be supported within the margin 
requirements. 

• CCSDS packetization overhead of 2% and Reed-Solomon overhead of 15% 
that is applied to the data during downlink.  The CCSDS packetization 
overhead is based upon a 2 byte PDU header, 10 byte VCDU header and 
footer, frame sync, and an average user data field of 1024 bytes data and 12 
bytes packet overhead. 

Table 2 shows that the recorded data volume is 6.3 Gbits/day and the downlinked data 
volume is 7.4 Gbits/day.   
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  Capacity Minimum 

  
Constants Data 

Volume Constants Data 
Volume 

Engineering Data         
Engineering Data Rate (kbps) 64   40   
Engineering Data Volume 

(Gbits/Day)   5.5   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) 

  6.3   6.3 

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 data will 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 per frame for each SI.  We assume that both 
modules of NIRCam will be operated simultaneously, and that only one module of the 
MIRI will be operated at a time (with the Spectrograph generating the largest data 
volume). 
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  Constants 

NIR 
Cam 
Short 
Wave 

NIR 
Cam 
Long 
Wave 

NIR 
Cam 

NIR 
Spec MIR Inst FGS  

TF 

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 per Frame 

 

5.5 Compressed Science Data Volume - Daily 

The daily data volumes are calculated based upon the following assumptions: 

• The data volume will provide 15% margin. 

• Dithering between integrations will require 30 seconds. 

• A telemetry packetization overhead of 2% will be imposed by the C&DH 
subsystems.  This is based upon a 6 byte packet header, 8 byte secondary header 
containing a time code, and an average packet data length of 1024 bytes. 

• CCSDS packetization overhead of 2% and Reed-Solomon overhead of 15% will 
be applied to the data during downlink.  The CCSDS packetization overhead is 
based upon a 2 byte PDU header, 10 byte VCDU header and footer, frame sync, 
and an average user data field of 1024 bytes data and 14 bytes header. 

Figure 6 shows the compressed NIRCam daily data volume, in Gbits, as a function of 
overhead percentage, using corresponding group times for 5.3 pixel and 9 pixel impact by 
cosmic rays. 
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NIRCam Compressed Data Volume by Overhead
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Figure 6. Compressed NIRCam daily data volume by overhead. 

This figure shows that NIRCam can generate up to 200 Gbits of compressed science data 
per day with group times that correspond to an overhead of 5-8%, depending upon pixel 
impact from cosmic rays.  

Figure 7 shows the compressed NIRSpec data volume, in Gbits, as a function of overhead 
percentage, using corresponding group times for 5.3 pixel and 9 pixel impact by cosmic 
rays. 
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Figure 7. Compressed NIRSpec daily data volume by overhead. 
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The compressed NIRSpec daily data volume for a 50 second group time is 116 Gbits.  
The group time for 2% overhead is 39 to 65 seconds (corresponding to 9 and 5.3 pixel 
cosmic ray impact, respectively), with the corresponding compressed data volume 
between 90 and 149 Gbits. 

Figure 8 shows the compressed MIRI data volume, in Gbits, as a function of overhead 
percentage. 
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Figure 8. Compressed MIRI daily data volume by overhead. 

The compressed MIRI daily data volume for a 24 second group time is 69 Gbits.  The 
group time for 2% overhead is 33 seconds , with a corresponding data volue of 54 Gbits. 

These figures show that NIRCam clearly drives the data volume requirements, and that 
NIRSpec and MIRI can be operated at about 2% overhead and still satisfy the data 
volume requirements. 

Table 4 shows the total data volume.  NIRCam has the greatest data volume and NIRSpec 
has the second greatest, so in this analysis NIRCam is considered the prime instrument 
and NIRSpec is considered the parallel instrument. 
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  Constants NIR 
Cam 

NIR 
Spec MIRI FGS 

TF Total 

Exposure Duration           
Dither Time / Integration 30         
Readout Duration   12 12 3 12   

Group 0           
 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   

Compressed Data Volume 
(Gbits/Day)   167 116 48 34 

  

Packet & Secondary Header 2%         
Margin 15%           
Instrument Data Volume 
(Gbits/Day)   196 136 57 40 

  

Uti l ization  (%)   100% 24%       

Combined Data Volume (Gbits/Day)           229 

Overhead          
  Science Data Packetization 2%         
  Reed-Solomon 15%           

Downlink Data Volume (Gbits/Day)           276 

 Table 4. Data volume for all SIs with NIRCam prime and NIRSpec parallel. 

 

5.6 NIRCam Short Observation 

We consider a short observation scenario which requires 30 integrations per filter, 3 
filters per visit, with each integration a Fowler readout and with dithering between each 
integration.  A series of these short visits is scheduled in one day, with 3600 seconds 
allocated for slewing and guide star acquisition between each visit.  As shown in Figure 
9, the data volume requirement will be satisfied for integration durations of 75 seconds or 
greater. 
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NIRCam Short Observation Compressed Data Volume
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Figure 9. Compressed data volume for NIRCam short observation scenario. 

5.7 Annual Data Volume - DRM Analysis 

The DRM provides a distribution of science programs using each of the science 
instruments (except FGS Tunable Filters).  Table 5 shows values for average daily and 
annual data volume In this table, the values are computed as follows: 

• Compressed data volume Ð These are taken from Table 4. 

• Average data volume Ð This is the value after applying the DRM percentage and 
the parallel operations percentage to the data. 

• Annual data volume Ð This is the average data volume after annualizing and 
applying the efficiency percentage. 

• Total annual data volume Ð This is the sum of the annual data volume values for 
NIRCam, NIRSpec and MIRI.  

  Constants NIR  
Cam NIR Spec MIRI 

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 
(Tbytes)       6.5 

Table 5.  Average annula data volume with DRM distribution 
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5.8 Data Recorder Capacity 

The data recorder is sized to accommodate loss of one communications contact.  If 
contacts are spaced evenly, then the time between contacts is at most 16 hours, and the 
time between contacts if one contact is lost is 40 hours.  A capacity of 41 hours provides 
one hour to begin downlink and release data so that additional data can be recorded.  It 
will take about 22 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 the maximum data rate, the recorder will remain near capacity if a single contact is 
lost, as illustrated in Figure 10. 

 

Figure 10.  Recorder utilization with one missed contact at maximum data rate. 

The average data rate, based upon the DRM, will be 172 Gbits per day.  At that rate, the 
recorder will return to nominal within 4 contacts after one contact is lost, as illustrated in 
Figure 11. 
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Figure 11.  Recorder utilization with one missed contact at maximum data rate. 

 

5.8.1 Data Recorder Concerns 

With the selection of DSN as the communications provider, and the requirement to 
provide ranging data from ground stations alternating between Northern and Southern 
Hemispheres, the separation between communications contacts could be larger than 16 
hours.  If we require at least one contact every 24 hours, then the time between contacts if 
one contact is lost could be as much as 48 hours.  Thus, the data recorder should be sized 
to accommodate at least two days worth of data, or 471 Gbits, to avoid data loss due to 
loss of one contact.  

The data recorder will be partitioned to provide separate access to each C&DH subsystem 
(Spacecraft, ISIM, and FGS).  Each partition should be sized to avoid data loss due to 
loss of one contact.  As a result, the engineering data partition should be 13 Gbits, the 
science data partition for the FGS-TF should be 80 Gbits (assuming as well that FGS-TF 
data are compressed), and the science data partition for the remaining science instruments 
(NIRCam, NIRSpec and MIRI) should be 458 Gbits.  The total data recorder size should 
thus be 551 Gbits.  Degradation from beginning to end of life over 5 years is estimated to 
result in a 16% loss of capacity, so the data recorder size at beginning of life should be 
656 Gbits.  Data recorders are typically sized in increments of 128 Gbits; so the nearest 
size to the recommended would be 640 Gbits, which is within 2.5%.   A corresponding 
relaxation of the margin requirement on science data volume would permit this size to be 
used on JWST. 
 
6.0 Ancillary Material 
 

The following spreadsheets contain data used to generate the plots in this Technical 
Report: 
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• JWST-STScI-000781B-1.xls Ð Data volume tables. 

• JWST-STScI-000781B-2.xls Ð Overhead figures 

• JWST-STScI-000781B-3.xls Ð Radiation figures. 

• JWST-STScI-000781B-4.xls Ð Recorder utilization figures. 

• JWST-STScI-000781B-5.xls -- Updated data volume. 

 
7.0 Conclusion 
The following table summarizes the results of the data volume analysis: 

Observation Parameters   
 Group Times Overhead 

NIRCam 200 seconds <10% 

NIRCam Short Observation  75 seconds  

NIRSpec  50 seconds <3% 

MIRI  24 seconds <3% 

FGS  200 seconds <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 Gbits 11 Gbits 

Recommended Recorder Capacity EOL BOL 
 ~551 Gbits 640 Gbits 

   

Annual Data Volume (DRM) 6.5 TBytes  

Table 6.  Summary of results. 

 
 


