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COMPUTER SCIENCES CORPORATION 
SYSTEM SCIENCES DIVISION (301) 589-1545 

8728 COLESVILLE ROAD· SILVER SPRING, MARYLAND 20910 

January 23, 1980 

TO: IUE Principal Investigators 
FROM: B. Turnrose, C. Harvel IUEIPCC 
SUBJECT: New User Documentation 

Enclosed you will find one copy of CSC/TM-79/6301, "International Ultraviolet 
Explorer Image Processing Information Manual, Version 1.0". This document is a 
greatly expanded version of previous documentation on IUE image processing and 
as such replaces the old "International Ultraviolet Explorer Image Processing 
Information Packet." Version 1.0 of the current document describes rUESIPS 
as of 1 November 1979, but a brief chronology of changes to the system is in
cluded so that the document in fact may be used to define IUESIPS as it has 
existed since April 1978. Updates to version 1.0 will be issued as necessary 
in order to incorporate documentation of future modifications to the system. 

Two significant changes to the processing system have been made since Version 
1.0 went to press, and copies of two memos describing these changes are being 
included at this time so that you may file them with your copy of Version 1.0. 
These memos are IUE Data Reduction memos XII and XIII, "Absolute Calibration 
of Low Dispersion Spectra" and "Modification of Photometric Correction to 
Extrapolate the Intensity Transfer function," respectively. These memos appear 
in NASA rUE Newsletter No.8 but are repeated here because of their significance; 
in general, the Newsletter will serve as the distribution medium for future 
notices of modifications. 

OFFICES IN PR'NCIPAL CITIES THROUGHOUT THE WORLD 
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9 January 1980 

rUE DATA REDUCTION 

XII. Absolute Calibration of Low Dispersion Spectra 

As of 9 January 1980 low dispersion net spectra are provided on the 
IUE Guest Observer magnetic tapes in both an instrumental and an 
absolutely-calibrated form. Prior to this time, the data contained 
in the area of the tape file designated as "absolutely calibrated" 
were an exact repeat of the instrumental intensities. The instru
mental net intensities in flux numbers (FN) are given just as they 
have always been, and the absolutely-calibrated net intensities are 
calculated by multiplying the instrume~ial net intensities_~y the 
adopted inverse sensitivity function SA' The functions SA adopted 
herein for the LWR and SWP cameras are . those presented by Bohlin and 
Snijders in IUE Newsletter 2 (Photometric C~libration of the JUE 
Memo VI Joint US/UK/ESA Calibration for Low Dispersion Large Aperture, 
18 September 1978) and in Bohlin, et a1. 1980, Astron. & Astrophys. 
(in press), with the three following modifications: 

1) 	 The Bohlin-Snijders function for LWR has been modified 
slightly at 1900 Rand 1850 R. See Bohlin, Holm, & 
Snijders, 1979, IUE Newsletter 8, Photometric Calibration 
of the rUE-Memo VII. 

2) 	 The modified Bohlin-Snijders functions have been interpo
lated using a 3-point garabolic fit to the logarithm to 
yield values every 10 A in LWR and every 5 R in SWP. 

3) 	 These interpolated functions have been truncated (i.e., set 
to zero) outside of rather conservative wavelength limits 
in order to suppress the correction of noisy flux points 
at the extreme wavelengths where the spectral response is 
low. 

The adopted s~l functions are listed in Tables_1 and 2 as f~~c~ions 
of_the wavelength in angstroms; the units of SA are erg cm R 
FN where FN is the extracted rUE response. 

Several points must_~e made in regard to the "absolutely-calibrated 
spectra," and the SA functions used to obtain them. 

1) 	 All intensities are time-integrated, it being currently 
impossible to divide out by the actual exposure time in 
seconds in an automatic way because the actual exposure 
times are not suitably stored_in the im~~e header records. 
The values presented are FNxSA (erg cm 2R- 1 ), and can be 
converted to absolute flux by dividing by the actual exposure 
time in seconds. 

2) 	 The adopted s~l functions are those pertinent to the inten
sity transfer functions (rTF) in use since 22 May 1978 and 
to the EXTLOW extraction program also in use since 22 May 
1978. The correction of the SWP ITF error on 7 July 1979 
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did not change the SWP SAl by more than 5 percent, and so 
the Bohlin-Snijders-function is still appropriate for the 
new TTF. See the Memo VII referred to rtbove and included 
in this Newsletter 8. 

3) 	 The adopted S~l functions were derived from large-aperture 
exposures so that 9nly relative fluxes are provined for 
small-aperture exposures (which do not contain the total 
flux from point sources). 

-1
4) 	 Even though the adopted SA functions are conservatively 

truncated, the instrumental net intensities are still 
written to tape over the fu~i wavelength range of the 
original extraction. The SA value~ ,given by Bohli.n and 
Snijders beyond the range of calibration adopted here 
may thus be applied to the instrumental net intensities 
by the Guest Observer, should he or she so desire. 

5) 	 Only the net intensities appearing in the "merged spectrum", 
or "eslo" tape file (Le., the slit-integrated signal) are 
absolutely calibrated. The 55 pseudo orders comprising the 
gross spatially-resolved data set ("essr") are not absolutely 
calibrated; they remain instrumental gress intensities as 
before. 

CalComp Plots 

As -of the effective date of this memo, the CalComp plots of the net and 
log of net spectra are given in absolutely-calibrated form. The plots 
of the gross and background spectra remain in instrumental (FN) units. 

B. Turnrose 
R. Bohlin 
C. Harvel 



10 January 1980 

IUE DATA REDUCTION 

XIII. 	 Modification of Photometric Correction to Extrapolate the Intensity 
Transfer Function 

1~ Introd~ction 

A memorandum distributed to Guest Observers by A. V. Holm and recently re
printed in NASA IUE Newsletter 7 called attention to the errors in photo- . 
metry which can arise because of the way in which the lUES IPS photometric 
correction program FICORS truncates the output,flux number (FN) value~for 
pixels with input DN values which exceed the corresponding maximum DN values 
in the intensity transfer function (ITF). The purpose of the present memo 
is to announce and describe a recently-implemented software modification 
(program FICOR6) which reduces these and other photometric errors by an 
extrapolation of the ITF. 

2. Prop'erties of the Upper ITF Levels 

The ITF for each camera is comprised of a concatenation of averaged, geo
metrically corrected flat field exposures. The memo by Holm presented 
approximate ON values of the highest exposures in the ITF, in tabular form 
as a function of wavelength, in the vicinity of the low dispers:on orders 
for each camera. These values were measured on printouts of 12 X 12 pixel 
averag~of the ON values in the highest level for each ITF. Holm's measure
ments demonstrated that truncation error was potentially greatest for A~ 
13S0 ~ in SWP low dispersion and for A~ 2900 R in LWR low dispersion, since 
for these wavelength regions the maximum ON levels in the ITF's were less 
than 220 ON. More precise measurements. obtained with computer extraction 
techniques much like those used to extract ordinary IUE spectra, have 
recently been made and will be presented in the next NASA IUE Newsletter. 

3. Previous Photometric Correction Method: FICORS 

The photometric correction program FICORS in use until 10 January 1980 
performed a simple linear interpolation for ON within the ITF tables to 
assign the corresponding FN value for each pixel. Pixels which are below
range (ON< lowest level of rTF) were assigned negative FN values by linear 
extrapolation back from the first two points of the ITF, but pixels which 
are above-range (ON >highest level of ITF ~ ON ) were truncated to FN max 	 max,
the FN value of the highest level. See Figur.e 1. Although this trun
cation is descrip,ed in previous documentation (CSC TM-77/62S0 "rUE Image 
Processing Overview and Mathematical Oescript:ion ff 

), the magnitude of the 
potential truncation errors at certain wavelengths has only been recently 
appreciated (Holm memo). Plans are underway to increase ON max in the areas 
of both camera tubes where it ' is currently least by adding higher exposure 
levels to the rTF's for SWP and LWR. 

~ .- . ~ . 



page 2 - IUE DATA REDUCTION 

For SWP, FNmax(as dp.fined in Figure 1) is 17632; for LWR, FNmaxis 25220. 
Saturated pixels (ON=255) are assigned FN values of 32767. 

An additional problem with the simple point-to-point linear interpolation 
done by FlCOR5 occurred when the DN values in the ITF reach the saturation 
value (DN=255). When this occurs, ON within the range just below satur
ation were in most instances improperly transformed to FN since the ON in 
the ITF have been artificially limited to 255. Refer to Figure 2. 

4. New Photometric Correction Method: FICOR6 

Since 5:00 GMT on 10 January 1980 the program FICOR6 has been used to per
form the photometric correction of all IUE images. FICOR6 changes the way 
FN values are assigned in the two special cases where FICOR5 was in error, 
through linear extrapolation of the ITF. In all other cases, including 
"below range" pixels, FICOR6 operates identically to FICOR5. Improvement 
in photometric accuracy results from the use of FICOR6; further improvement 
will be realized when higher ITF levels are added. 

Case A - Extrapolation Beyond End of Unsaturated ITF 

If DN>DNmax ' an improved FN value is returned in FICOR6 by extra
polating past the end of the ITF; see Figure 1. 

The extrapolation is linear, with a slope defined by the last two 
points in the ITF. The extrapolated FN value, FN , is 
greater than the r~ value used in FICOR5 but i~x£I~~ted to a 
maximum value of 32~g~ (maximum halfword integer value), which 
is also the FN value assigned to saturated pixels (ON=255). In 
the future reduction era planned to begin in several months' 
time (see IUE Data Reduction memo VI in NASA IUE Newsletter 6), 
even saturated pixels will be allowed to assume extrapolated FN 
values up to some maximum value, but under the present reduction 
system they are still set to 32767 in order to allow flagging. 
Hence, an FN value of 32767 can result from either a saturated 
input or an unsaturated extrapolation limited by the halfword 
integer format; both are flagged in the same way by the E field, 
and both appear with the "+" symbol on CalComp plots. The keys 
on the plots have been modified to identify the "+" symbol as 
either "saturated, or limited extrapolation". 

Case B - Extrapolation Within a Saturated ITF 

The new program FICOR6 improves the photometry in cases when 
the ITF is saturated by assigning FN values by linear extra
polation from the two highest unsaturated points in the ITF; 
see Figure 2. This method calculates a better slope for 
the ITF in the affected region and returns FN values which 
are normally .less than the corresponding FN values returned 
by nCOR5. 
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The detailed ITF measurements which will be presented in 
next NASA IUE Newsletter document those regions of the 
SWP and LWR low dispersion spectra subject to the in
accurate intensity transformation of this type previously 
made by FICOR5. These regions, where ON max=255 in the ITF, 
are the long wavelengths of SWP .and the short wavelengths 
of LWR (low dispersion in each case). 

5. A Sample Comparison of the Old and New Methods 

In Figure 3 a comparison is made of spectra reduced using FICORS and FICOR6. 
T~e spectra shown are extracted from LWR 1349, an 8 second exposure of 
e C Ori, which was selected because it exceeded the LWR ITF exposures at 
some wavelengths. Note that in the region of heaviest exposure the FN re

. turned by FICOR6 are greater than the FN returned by FICOR5: at these wave
lengths, extrapolation beyond the end of the unsaturated LWR ITF is per
formed. For this particular exposure, the FICOR6 FN values which have been 
extrapolated are up to - 15 percent larger than the truncated FICOR5 FN values. 
Note that at lower exposure levels, FICOR5 and FICOR6 give identifical results. 

6. Identification of Old and New Methods 

Apart fro~ using the effective date of 10 January 1980 to identify Ilse of the 
new program FICOR6, Guest Observers may verify which photometric correction 
version was used to reduce any given spectrum by means of the image processing 
history portion of the image label. Spectra reduced with FICOR5 bear that 
inscription, whereas spectra reduced using FICOR6 are so marked. 

B. Turnrose 
C. Harvel 
R. Bohlin 
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ABSTRACT 


Information needed by International Ultraviolet Explorer (ruE) Guest Observers 

to understand the ruE Spectral Image Processing System (IUESIPS) and its 

products is presented within this document. The document i.s intended to be a 

working manual which will be periodically updated to reflect significant changes 

in the ruE image processing system as it is used at the IUE Observatory at the 

Goddard Space Flight Center (GSFC). The information contained within this 

version 1. 0 reflects the state of IUESIPS as of November 1979. 

ii 
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SECTION 1 - INTRODCCTION 


This document is intended to provide the International Utraviolet Explorer 

(IL'E) Guest Observers with the information necessary to understand the image 

processing operations which are performed on WE data and to interpret prop

erly the various output products resulting from these reduction procedures. 

Its scope includes descriptions both of the Significant steps in the overall re

duction procedure and of the detailed nature of the end products (e. g., magnetic 

tape file formats, etc.). As such, it is complementary to the document Il'E 

Image Processing Overview and ~Iathematical Descrip~~on (CSC/TyI-'T7 / 6250) 

which stresses the mathematical details of individual ICE image processing 

programs. 

The information contained within this document has been gathered from the 

exper,ience of the first year and one-half of operation of leE and includes data 

frequently requested by Guest Observers. It is expected that the contents will 

be updated periodically to reflect modifications in the image processing soft 

ware and / or output products. It is therefore advisable that the Guest Obsen-er 

recei ve the current '-ersion of this document upon each ,'i sit to the ICE 

Observatory; prior editions may be obsolete. 
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SECTION 2 - I::vL\GE PROCESSING OVERVIEW 

2.1 PHILOSOPHY AND SCOPE OF leE IMAGE PP.OCESSING 

The primary scientific goal of the WE Spectral Image Processing System 

(IUESIPS) is to provide the ICE Guest Observer (GO) with data reduced from 

his observations i.n a standard manner so as to be as free of instrumental effects 

as possible. Toward this end, image processing operations requiring either 

detailed knowledge of the performance of the Il7E sCientific instrument or large

scale computing facilities are performed by the resident image processing 

staff. These processing operations include the correction of all images for the 

geometric distortion of the camera system by means of fiducial reseau marks 

which are superimposed on the images; the photometric calibration of 

geometrically-corrected images b,Y means of pixel-by-pixel. intensity transfer 

functions which correct for the vidicon shading and non-linear response; the 

wavelength calibration of geometrically-corrected images by means of analyti

cal dispersion relations determined by platinum-lamp comparison-Line spectral 

images; the extraction of spectral intensity as a function of wavelength from 

the geometrically and photometrically corrected target images; and, finally, 

the reduction of the spectral intensity to an absolute flu-x system by means of 

observations of photometric standard stars (lO\v dispersion). Figure 2-1 sum

marizes these image processing functions performed on rCE images. .-\ 

general description of the procedures used for each of these operations is given 

in Sections 3 through r;- below; a detailed e.\:planation of the processing algo

rithms is given in the document ICE Image Processing Oven-iew ::md :\L1the

matical Description, CSC / T:\[-'ij" / 6:2.30. 

2.2 D.-\T.-\ PRODCCTS SC\DL-\RY 

The various end products of the image processing operations performed on 

each image are assembled into a Guest Obsen'er Data Package \I:hich is de

livered to the appropriate GO. This Data Package is designed to be amenable 
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to immediate astronomical analysis and includes photographic hardcopy images 

(Photowrite images), CalComp plots of extracted spectra, magnetic tape files 

containing both raw and processed data and computer listings. Each of these 

items is discussed in detail in Section 8. 

2.3 GUEST OBSERVER'S IiVL~GE PROCESSING SPECIFICATIONS 

In order to satisfy the needs of the basic ICE data reduction operation, viz., 

provide a homogeneous Data Package for aU images in a timely fashion, the 

range of image processing functions which are performed on Il"E data is pur

posefully limited and standardized. Within this framework, several basiC 

processing options are available to the GO. For this reason, it is imperative 

that the section on each Observatory Record Sheet labeled "PROCESSIi'iG 

SPECIFICATIOi'iS" be filled out by the GO. These specifications are the means 

by which the basic processing options are selected, and ~ defaults ~ per

mitted. Images for \vhich specifications are lacking wil.1 not be processed. :\n 

example of the PROCESSING SPE CIFIC\TIONS box is provided in Figu.re 2-2. 

The various choices which are listed are explained in the relevant sections of 

this document (see Table of Contents); the "manual shift" line refers to the 

image registration procedures descri.bed in Section,). 2 . 

. J -- . " 
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PROCESSING SPECIFICATIONS 
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Figure 2-2. 	 Processing Specifications Section of ICE 

Observatory Record Sheet 
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SECTION 3 - NATURE OF leE DATA 

3,1 IMAGE AND LABEL PARAMETERS 

Each raw [T:E image consists of a 768 by 768 array of 8-bit picture elements or 


"pixels". Each vidicon scan line consists of 768 pixels or "samples"; 768 such 


scan lines comprise the entire image. Line 1, sample 1 is at the uppe r left 


corner of the image; line 768, sample 768 is at the lo\ver right corner of the 


image. Each raw pixel value lies in the range 0 to 255 (integers only). The 


units of raw pixel values are DN (or data numbers), which are proportional to 


the integrated charge read out from the SE C vidicon target in the camera scan


ning process. 


Associated with each raw image is a set of 20 header, or label, records. 


Each record is 360 8-bit bytes long (a concatenation of 5 7:2-byte logical re


cords). This 5et of 20 label records is generated by the Il'E Operations Control 


Center (OCC) soft\vare during image acquisition and contains various identifying 


parameters and sCientific / engineering data pertinent to the image. The label 


associated with a given image can be e.\:panded (up to a ma.'(imum of 30 records) 


to contain a log or history of the image processing operations in a manner which 


is illustrated in Section 8, where a detailed description of the standard label


record format5 will be found. 


Ra,,; nJE images must be corrected for the instrumental effects of the SEC vid


icon camera system before meaningful data can be extracted from them. The 


geometric distortion and radiometric (photometric ) nonlinearities and nonuni


formities introduced by the \'idicon system are compensated for by che mechod5 


described in Section·L Once an image ha5 been tran5formed to a geometrically 


correct frame of reference, the layout of the spectral format in either disper


sion mode is (apart from the small thermal shLftsdiscussed in Section S) math


ematically r::~eclictable. Figures 3-1 through 3--1: illustrate schematica lly the 


spectral format5 in both dispersion modes, for boch the long and short 


:3 -1 
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Figure 3-1. 	 Schematic Representation of the Echelle ( High Dispersion) 
Spectral Format in the Short Wavelength Prime (SWP) 
Camera, Small Aperture 
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Figure 3-2. 	 Schematic Representation of the Low Dispersion Spectral 
Format in the SWP Camera, Smail Aperture 
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Figure 3-3. 	 Schematic Representation of the Echelle (High Dispersion) 
Spectral Format in the Long \Vavelength Redundant (LWR; 
Camera, Small Aperture 
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Figure 3-4. 	 Schematic Representation of the Lo\v Dispersion Spectral 
Format in the L \VR Came fa, Small .-\pe rture 
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wavelength spectrographs, as seen in the geometrically-corrected frame of 

reference, and as defined by the mathematical dispersion relations described 

in Section 5. The square border defines the 768 by 768 array comprising the 

whole image, whe reas the inscribed circle defines the area from which spectral 

information is extracted. For high dispersion, only every other echelle order 

is indicated. For both high and low dispersion, the order location shown is 

that for the small entrance aperture (see Section 3.2). Numbers and tick marks 
o 

along the orders mark the wavelengths in A. 

3.2 SPECTROGR\PH GEOMETRY 

Both the long and short wavelength I"CE spectrographs have two entrance aper

tures: a small aperture (nominal 3-arcsec diameter circle; actually 3.2 arcsec 

for S\VP and '-l:. 0 arsec for L\VR) and a large aperture (nominal 10 arcsec by 

20 arcsec elongated figure; actually 10.3 by 23.0 arcsec for S\VP and 10.2 by 

23.8 arcsec for LWR)(Reference 1). In the long wavelength spectrograph, the 

center of the large aperture (LWLA.) is located some 41 arcsec from the center 

of the small aperture (LWSA). In the short wavelength spectrograph, the 

center of the large aperture (Svv""LA) is located some -W arcsec from the center 

of the small aperture (SWSA). In the geometrically-corrected frame of refer

ence, the "plate scale'! for both the LWR and s\VP cameras is l. 525 =. O. 01 

arcsec / pLxel. 

In the SWP camera, the geometry of the two entrance apertures in relation to 

the image scan lines and the high and 10\",: resolution dispersion directions is 

shown in Figu.re 3-5. This figure is drawn in the geometrically-corrected 

frame of refe rence. Note particularly the fact that the 3eparation of the S,\"L\ 

and SWS..\ is \'-ery nearly along the echel.le dispersion direction. Therefore, 

short wavelength high dispersion images in Ivhich both apertures are exposed 

will result in nearly complete superposition of the large ane small aperture 

spectra (\vith a \va,·elength offset given in Table 3-1). 

3-6 
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Figu~e 3-6 illustrates the L\VR geometry. The large aperture-small aperture 

separation is less coincident with the echelle dispersion direction than in the 

short wavelength spectrograph. 

Table 3-1 lists a set of dimensions of significance in the geometrically cor

rected frame of reference for both the long and short wavelength spectrographs, 

as measured in the LWR and SWP cameras. Included are the dimensions sub

tended by the various entrance apertures in pixels, arcsec, and (where relevant) 

angstrom units. The conversion to angstrom units depends upon the wavelength 

calibrations which are discussed in Section 5 and indicates the degree of wave

length smearing which can be expected for uniformly illuminated ape rtures. 

3.3 SPECTROGRAPH RESOL UTION 

The optical resolution obtained at the cente r of the LWR and SWP came ras. as 

measured on ~ high dispersion platinum-lamp exposures in which the small 

apertures were uniformly illuminated is full width at half maximum (F\V1-I:'vI) = 

2.5 =0 . .:1: pixels. The wavelength equivalents of this resolution figure are 

listed in Table 3-2. The tabular values are guidelines only; the fact that the 

optical resolution degrades as one departs from the tube center has been ignored 

in compiling the entries. Furthermore, the FWH:.'vI = 2.5 pixels is assumed 

relevant to both dispersion modes although different spectrograph optics are 

involved in each mode and only the high dispersion case has been directly 

measured (with uniformly illuminated apertures). 

Similar measurements on geometrically corrected images ~ndicate that the 

FWH:'I is increased by approximately 0.1 pixel over the raW-image \-alue of 

2.5 pixels. 
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Table 3-1. 	 "Relevant Dimensions and Separations in the Long and Short 
Wave length Spectrographs, LvVR and SWP Cameras 
(Adopted scale of 1. 525 :±: 0_ 01 arcsec / pixel ) 

_. 
DISP. ANGSTROMSARCSECONDSPIXELSCAMERA QUANTITY MODE 

I 

40.0!: 0.3 0.92!: 0.Q1 H 26.3 =0 .2SEPARATION OF SWLASWP IAND SWSA (CENTER 
N/ A 40.0!: 0 .3 L 26.3 ! 0 .2 TO CENTERi i 

SWP EXTENT OF SWLA 
PARALLEL TO ORDER 

H 

L 

SWP EXTENT OF SWLA PER
PENDICULAR TO ORDER 

H 

L 

SWP EXTENT OF SWSA 
H 

L 

LWR SEPARATION OF LWLA 
AND LWSA (CENTER-
TO·CENTERi 

H 

L 

LWR EXTENT OF LWLA 
PARALLEL TO ORDER 

H 

L 

LWR EXTENT OF LWLA PER · 
PENDICU LAR TO ORDER 

H 

L 

LWR EXTENT OF LWSA H 

L 

15.2 = 0 .7 

6.8:0.7 

6.8,; 0.7 

15.2=0.7 

2.1 '; 0.2 

2.1 " 0.2 

26.9 :: 0 .2 

26.9 :: 0 .2 

15.7 = 0 .7 

6 .8 =0 .7 

6.8 =0.7 

15.7:0.7 

2.6 =0.2 

2.6 = 0.2 

23.2:: 1.0 0.53 =0.02' 

10.4 = 1.0 113 = 1.0 

10.4 = 1.0 N/ A 

23.2 : 1.0 N/A 

3.2'; 0.3 0.07 = 0.01 -

3.2 = 0.3 3.5 =0 .3 

41 .0:0.3 1.49 =0 .01 ' 

41 .0: 0 .3 N i A 

239 : 1.0 0.88: 0 .04 

10.3 : 10 18.0 : 1.8 

10 .3 : 1.0 N/A 

23.9: 1.0 NiA 

4.0: 0.3 0.15: 0 .01

~o : 0.3 6.9: 0 .5 

-FOR ECHELLE ORDER m = 100. FOR OTHER ORDERS, :v1ULT IPL Y TABUL.-l.R A NGSTROM V A L UES BY :OO:m. 
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Table 3-2. 	 Wavelength Equivalents (A) to Spectrograph Resolution 
of F\VH:.vr = 2.5 :::: 0.-1: pixels in the SWP and LWR Cam
eras (Raw Images ) 

High Dispe rsion 

Camera Order 125 Order 100 Order 75 Low Dispersion 

SWP 0.07 0.09 0.12 ,1,.2 

LWR 0.11 0.1-1: 0.19 6 . 6 
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SECTION ':I: - GEOlVIETRIC AND PHOTO:VIETRIC CORRECTION 

4.1 GEOMETRIC CORRECTION PROCEDURE 

Raw IDE images suffe r from geometric distortion introduced by the SE;C vid

icon came ras. The electrostatically-focused image section of the came ra 

produces a pincushion distortion, while the magneticall,yr-focused readout sec

tion produces an S-distortion. The first image processing step for each image 

is therefore a geometric correction of the raw image, performed by means of 

bilinear interpolation within a square grid of 169 fiducial marks (reseaux) 

which are deposited on the faceplate of each came ra. The correction is really 

a resampling of the pixel values in the original image to produce a transformed 

image in which each pixel is referred to its 0\V!1 standard location with respect 

to the came ra faceplate. In the transformed image the spectral orde rs are 

nominally straight. Note that since the resampling operation is done in the 

(non linear) DN space of the raw image, some photometric error is introduced. 

The choice of performing the geometriC correction before the pixel values are 

linearized (by means of the photometric correction discussed in the next sec

tion) is clearly a tradeoff between the photometric error resulting from the 

nonlinear resampling and the photometric error which would result if the pixels 

were not accurately registered with the intensity transfer functions (see next 

section ). 

The observed (distorted) positions of the reseau marks are measured on flood

lamp exposures which are ty'pically obtained approximately every hvo weeks. 

The departure of the measured positions from the knO\Vll (Ulldiscorted) pOSitions 

determine the local distortion near each reseau mark; distortion at inter

mediate pOints is obtained by bilinear interpolation between the reseaux. This 

distortion mapping thus dete rmines the geometry of the correction which 

"remO'ies" the distortion. Since the vidicon distortion is known to be sensitive 

to camera temperature, the use of a gi\'en distortion model for a 2-\\'eek periocl 

-t -1 



is slightly inaccurate (relative distortion changes at the sub-pixel le-vel have 

been observed from day to day). Guest Observers to whom exact distortion 

corrections are critical may obtain their OIN11 calibration images, as e;\:plained 

in Section 5. 

4.2 PHOTOMETRIC CORRECTION PROCEDURE 

Following their transformation to a geometrically-corrected frame of reference, 

images are corrected for "radiometric distortlon" , 1. e. , nonuniform and non

linear vidicon response. This photometric correction procedure transforms 

the input DN value for each pixel to a normalized output level (flux numbe r, 

or FN) which is linearly related to the incident flux on the vidicon faceplate at 

the location corresponding to the particular pixel in question. 

4.2.1 Intensity Transfer Functions (ITF) 

The photometric correction of an image is effected by means of a pixel-by

pixel intensity transfer function, or ITF. This function provides the DN to FN 

mapping of each pixel in the image, and because the re is reproducible spatial 

structure to the detector response ("fixed patte rn noise ") do\Y'n to the single

pixel level, an accurate registration of each image with the ITF is essential to 

an accurate photometric correction. The need to registe r each pixel with its 

correct response curve as accurately as possible causes the geometric cor

rection step to precede the photometric correction s tep in standard processing. 

The ITF for each camera is generated from a series of geometrically corrected 

mercury flood-lamp flat-field images at graded exposure levels (11 levels for 

SWP; 12 levels for LWR ). The 10 lvest level is the zero-e:\."})osure level or "null 

pedestal " representing the background left by the vidicon flood ,'erase camera 

prep procedure which precedes every normal exposure, The highest level is 

a several-hundred-second flood lamp e.\."})osure \'vhich lies at or close to the 

vidicon saturation limit of 255 DN. Because of the respons e non'.lIliformities, 

for the highest e.\."})osure Level satuntion is reached over part of che image, but 

less sensitive areas of the tube will remai n unsaturated. 
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The conversion of DN to FN for any given pLxel is performed by linearly inter

polating within the lookup table of 11 or 12 DN values (the ITF) for that pixel to 

ass ign the corresponding graded exposure time, normalized as follows. (The 

treatment in the case of out-of-range or saturated pixels, where interpolation 

is not possible, is discussed in Section 4.2.2.) 

T . ivIlTLT 
(4 -1)FN = FACTOR 

where T . MUL T is the linearly interpolated product of the graded exposure 

time T in seconds with a corresponding multiplicative factor i.VIUL T, and where 

FACTOR is an overall normalization factor. There is a T value and a MVL T 

value for each of the 11 or 12 exposure levels comprising the ITF, whereas 

FACTOR is a constant for each camera (FACTOR = 0.1778 for SWP, 0.28333 

for LWR). MULT may in principle be different for each exposure level, to 

account for floed-lamp variability, although in practice constant ~I1:;LT values 

have been used and the T values have been adjusted to "effective" ,-alues to 

account for lamp drifts during the ITF creation; these approaches are equi

valent since it is the product T . MlTLT which is the interpolated quantity. The 

set of T and Ml!LT values for the ITF are added to the IUESIPS label of each 

image as it is photometrically corrected; Figure -4-1 illustrates this section 

of the label information for an L\vrt image. Note that T '.:alues are given here 

in units of 0.01 seconds. 

In July 1979 an error was discovered in the 20 percent flood exposure level 

(the third level of 11) in the SWP ITF in use since 22 ::VIay 1973. This error 

was such as to result in overestimated F~ values for all pL'i:els im-olving the 

third ITF level in the interpolation process: viz., pi:<els with output F)r (before 

offset added in--see discussion below) such that 108-! < F:-;- < -!291. In the worst 

of such cases (FN = 21-+ 1), the overestimate reached ~so percent. The error 

was rectified as of 7 July 1979 by assembling a new S\VP rTF with a correct 
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third level. At the same time, the opportunity was taken to refine the effective 

exposure time (T values) for all 11 levels in the SWP ITF, to better account for 

lamp drift and on-board computer timing quantization. The T values used in the 

old SWP ITF may be found in Figure 4-2(a); those used in the new SWP ITF 

appear in Figure 4-2(b). The array of T values entered into the image label in 

the format shown in these Figures allows a positive identification of the ITF 

version used to process any given SWP image. 

In the geometrically and photometrically corrected images produced by IL'ESIPS, 

the FN value for each pixel is represented in a 16-bit or "halfword" integer for

mat in which the 16th bit is a sign designator. Whereas this format can accom

modate negative FN values (which can result from extrapolation beyond the null 

level of the ITF; see Section 4.2.2), a positive offset of 2000 F~ W1its is added 

to all unsaturated FN values deriving from Eguation (4-1) in order to suppress 

negative pL'(el values which cannot be represented in the photowrite hard copy 

images. All current IUE extraction programs (see Section 6) subsequently re

move this 2000 FN offset from the geometrically and photometrically corrected 

image during the extraction process ; GuestObservers who extract their own 

spectra directly from the geometrically and photometrically corrected images 

on their GO tapes should be aware that these images contain this offset. 

4.2.2 Saturated and Out-of-Range Pixels 

Pixels which are either saturated (DN. =255) or out-of-range (DN. < 
tmage tmage 


DN of the lowest, or null, level in the ITF or DN. > DN of the highest level 

tmage 

in the rTF) cannot be treated by Equation (4-1). The following special procedures 

are used in the photometric correction of such pLx:els. 

Saturated pLxels (DN. =255) are assigned the artificall\- large and limiting
tmage . 

value of F)T = 32767. This enables a simple flagging mechanism to be used to 

identify such pL'(els in the spectral e.\.-traction step through the "quality measure" 

or E fie ld (see Section 6). 
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Below-range pixels (DN, < null level of ITF) can result from statistical
lmage 

fluctuations or null pedestal drift. These pixels are ass igned FN values based 

on a linear extrapolation of the first two points of the rTF to DN below the null 

level. Such FN are negative (since FN = 0 for the null DN value), and they are 

the reason for use of the 2000 FN positive offset applied to all unsaturated FN 

values (Section 4.2.1). The extrapolations are generally small enough that 

with the 2000 FN offset, a net positive value is obtained. 

Above-range pLxels (DN , > highest level of ITF) result from e:-..:posure levels 
tmage _ 

exceeding the highest level used in constructLng the ITF. To such pixels the 

current software assigns an FN value equal to that for the highest level in the 

ITF, unless the pixel is saturated, in which case FN = 32767 is assigned as 

described above. That is, the software truncates the assigned FN for above

range pixels to the maximum value (plus offset). For the current ITFs, these 

maximum (unsaturated) values are 25220 for L \VR, and 17632 for S\VP, to which 

the 2000 FN offsets are then added. Depending on pixel location, the upper DN 

limits for the current ITFs can be as small as "- 180 - 190 DN, although over 

most of the tube in both cameras the limit exceeds 220 D~. l:nsaturated DN 

values larger than these appropriate limits result in truncated F~ values. 

Table -i-1 lists the approximate upper DN limits for the current ITFs in the 

vicinty of the low dispersion spectra for each camera, measured from printed 

averages of 12 x 12 pixel areas. With these values, Guest Observers mar de

termine roughly whether their data at a particular low dispersion wavelength 

will have photmetri.c error due to the truncation. :vlore accurate data, including 

data for the high dispersion mode, will eventually be a\'ailable. 
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Table 4-1. Approximate Highest DJ\" Values in the rTF 

swp L\VR 

,\ DN ,\ 

1200 197 2100 

1300 216 2300 

HOO 23:') 2500 

1500 2-1:5 2700 

1600 2-1:3" 2900 

1700 239'" 3100 

1800 223'" 3300 

1900 242* 

DN 

250 

2-1:5 

2-1:0 

.).) -_.) 

220 

190 

130 

\ 

""Higher Level.s e_~i:5t which may include saturated pixels. 
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SECTION 5 - \VA VELENGTH CALIBRATION 

5. 1 PLATI~l.JM - LAMP CALIBRATION ThlAGES 

Approximately every two weeks a high and low dispersion small aperture spec

trum is made of the on-board hollow cathode platinum-neon calibration lamp 

with each of the two active cameras (S\,VP and L\VR). The low dispersion ex

posures are usually a combination of the calibration spectrum and a Dood-lamp 

exposure. 

These platinum lamp calibration images are used to establish the wavelength 

calibration, that is, to determine wavelength as a function of position. 

5.2 COMPUTATIONAL DETAILS A~D LllvIITATIONS 

5.2.1 Calculation of Dispersion Relations 

Whenever a set of these calibration images is taken, it is processed to provide 

an analytic relation between wavelength and the line and sample position of a 

pixel. The pixel locations of the platinum emission lines are measured on 

geometrically -corrected calibration images by a cross-correlation search 

algorithm like that used to find reseau positions. (.--\ few lines are measured 

manually to provide a set of starting values. ) These platinum line posit ions 

are then combined with laboratory values fo r the wavelength and order ~umber 

of each line and used in a regression analysis to determine a set of dispersion 

constants (.-\ and B) relating w'avelength and order number to pixel location 

according to the following separable relations: 

(:5 -1 )sample number = '-\1 Z 1 - .-\~ Z - c\ Z -'- .......... . 
_ 2 . 3 3 

- B Zline number == B Z ... B Z" -'- B3 Z 3 - .......... .
1 1 2 ~ . -, 7 
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where 

Z =1 
1 

Z = mA
2 

Z = m (5-3)
4 

Z =,\
5 

2 
Z = m ,\

6 

2
Z = rnA

'7 

for 

m = order munber 

o
,\ = wavelength (.-\) 

For lO'N dispersion, the spectral format is represented by a linear relation 

(only terms 1 and 2 are used, \vhere m = 1). For both di.spersion modes, 

the anal5-tical dispersion relations are apparencly accurate representatior1s of 

the actual spectral format to \vithi:1 one half of a pL'<:el (formal standard de1."ia

tions of the regression a:1alysis are typically"'" 0.3 pb:e!.s in both the line and 

sample directions)' In high dispersion, approximately 170 ;=latlnum-r'"eon lines 

are used in the regression analysis; in 10\1' dispersion, approximatel\" 20 li:1es 

are used. 
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The platinum-neon lines used in the regression analysis were chosen from a 

larger set of platinum-neon lines based on the tested ability of the automatic 

cross-correlation routine to find them unambiguously. Some sample disper

sion constants are given in Table 5-1. 

5.2.2 Registration (Shift) Procedure 

The ruE spectral format of geometrically corrected images is known to shift by 

as much as three pixels on a time scale of days or hours (the actual lower time 

limit has not been determined). This motion has been observed in both disper

sion modes, and there is no evidence that it is not a uniform shift across the 

entire image. The causes of this motion are believed to be thermal effects in 

the spectrograph optical train, although this has not yet been conclusively 

proven. 

Because of these shifts the set of dispersion constants which fit the calibration 

image very accurately may not necessarily fit a data image taken the next day 

in the sense that the locus of points defined by the dispersion relation will be 

a nearly straight line to one side of the data order instead of along it. 

The data extraction routine to be described in Section 6 uses the dispersion 

relation to locate the pixels which comprise the spectrum and if the spectral 

format has shifted, the wrong pixels (mostly background) will be extracted. 

To correct this problem automatic and manual registration routines are pro

vided to modify the dispersion constants. The automatic routine is used on 

spectra which have a strong but unsaturated continuum over most (more 

than 1/ 3) of their spectral range, \vhereas the manual routine is used on spectra 

of emission line objects, very v,:eak spectra, and spectra saturated ol,-er most 

of their length. 

To perform the automatic registration, a cross-corre lation spectral-order


finding algorithm is invoked to sample the image at 1~ discrete locations and 
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Table 5-1. Sample Dispersion Constants 

DISPERSION CONST ANTS 
CAMERAl 

DISPEHSION 
Al A2 A3 A4 A5 A6 A7 SOURCE 

SWP/LOW 981 .3 7 - 0.46657 - - - - - MEAN OF 21 
IMAGES 

LWH/LOW ·· 298.22 0.30242 - - - - - MEAN OF 22 
IMAGES 

SWf'/liIGli .16225E4 --18120E ·0 .13274E-5 0.0 - .46738E-0 00 0.0 SWP 6170 
DAY 225, 1979 

(JI 

I 
~ l WH illiG ~I -.61012E-4 .15762E-O . -.5 7438E-6 0 .0 .30235E-0 0 _0 0.0 LWR 5335 

$WP/LOW 

I 	 I.WH/L ()W 

SWP/HIGH 

LWH/III(iH 

-·263.ul:l 

266.66 

- .52454F-4 

! 

. 170~7E5 

DA Y 225, 1979 

88888 B58) 76421 

MEAN OF 21-- ---0 .37618 IMAGES 

MEAN OF 22--0 .22577 IMAGES 

SWP 61700.00.0.37507E-0I 
--

I 
I - 

. . 14617E-O .13232 E-5 0 .0 
DAY 225, 1979 

LWI~ 53350.0 00.22788E-0_71993E-l.93942E-6 - .29201E-O 
DA Y 225, 1979 

'" r:. 
'" 
~ '" 
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determine the line and sample offsets of the spectral format prependicular to 

the orders themselves. With these offset values, WESIPS adjusts the Al 

and BI terms in the dispersion relations, in effect tailoring the dispersion 

equations for the particular target image in question. The values for the line 

and sample offsets are added to the rDESIPS label of the extracted spectrum 

(see Section 8.1. 4). 

It should be noted that since no wavelength identifications are used in this 

registration procedure, the operation is totally insensitive to shifts along the 

dispersion direction. Hence there is an inherent inaccuracy in the wavelength 

scale of extracted spectra due to any component of the shift in the direction of 

the dispersion. This error can in practice be corrected by the Guest Observer 

by recourse to specific line identifications in the extracted spectra; see Sec

tion5.2.3. 

When the manual routine is used, the image is displayed with a wavelength 

overlay generated using the given dispersion constants. If the dispersion lines 

of the overlay are observed to fall to one side or the ot her of the data, the image 

processing specialist will manually enter a shift in the line direction and a shift 

in the sample direction \vhich will cause the overlay to be superimposed on the 

data to ""': 1/2 pixel. ,Just as in the automatic registration routine, the values 

for the line and sample offsets used are given in the Ie [SIPS label of the ex

tracted spectrum. 

Note that the GO can greatly facilitate the processing operation by specifying 

that the manual shift routine should be used (see Figure :2-2 ) for those images 

which would not be suitable for the automatic algorithm . 

.5. :2.3 Zero-Point and Scale Errors 

Movement of the spectral format can introduce wavelength errors equivalent 

to several pbcels. If e\'ery pixel in the image '.vere shifted ~n a direction 

parallel to the dispersion line by the same amount, all wa,oele:1gths 'xQuld ha ve 

5 - oS 



the same zero point offset in the case of low dispersion (the dispersion relation 

is linear), and a zero point offset which was a function of order munber in the 

case of high dispersion. If the pixels are shifted by varying amounts in the 

dispersion direction, the spectrum will be streched and/or compressed result

ing in scale errors (i. e., errors which cannot be removed by identifying a line 

and applying the offset necessary to bring its wavelength to the known value). 

The IUE spectra exhibit both offset and scale errors; however, the observed 

offset errors are far larger than the scale errors. 

5.2.4 Large Aperture Wavelength Calibrations 

The wavelength calibration images are usually made using the small aperture 

since it is unresolved and thus provides the sharpest possible images of the 

calibration lamp emission lines. The dispersion constants derived from these 

images will define a dispersion relation for the small aperture. When the large 

aperture is used to take data, it is necessary to modify the A 1 and B1 terms 

of the dispersion relation to shift the dispersion line by the .separation of the 

two apertures. The offsets in line and sample between these apertures have 

been measured to an accuracy of several tenths of a pixel unit (Reference 2 ) . 

Note that as of 1 August 1979 telescope operations and image processing have 

both used the "physical center" off.set v-alues referred to in Reference 2..-\ 

complete discussion of these offsets and the offsets used earlier can be found 

in this reference. 

l:se of the large 3.pertu.re can cause absolute I,\'avelength errors as large as 

six pixels (the half width of the large aperture) times the reciprocal dispersion 

in angstroms per pixel (see Section 3 and Table :3-11. This is due to val'iations 

in placement of objects in the aperture or brightness \'ariations across spatially 

extended objects. Errors of the magnitude given abo\'e occur: 11) \\hen a star 

(point source) is placed near an edge of the apertu.re in ~he direction of cl isper

sion away from the aperture center instead of 3.t the center, or .2) "hen a 
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structured (spatially resolved) object has a bright spot which lies offcenter in 

the dispersion direction. These are offset errors which can be corrected if 

the wavelength of one or more of the observed lines is kn.own. 

5.2.5 0Tominal Accuracies 

As with the biweekly updating of reseau positions, the determination of new 

dispersion relations with the same frequency is only an approximate solution 

to the problem of wavelength calibration. The significant operations overhead 

time of about 20 minutes required to obtain a calibration image (either wave

length calibration or reseau-position calibration) prohibits the sort of calibration 

frequency to which most ground-based observers are accustomed. The spectral 

format registration step which is performed on each target compensates for for

mat drift perpendicular to the spectral orders but is insensitive to shifts along 

the orders. The set of wavelength calibrations so far accumulated has shown 

that calibration-to-calibration shifts of the spectral format (often uniform 

motion across the image, sometimes along the orders) have occurred in amounts 

up to several pLxels, ,vith no clear-cut relationship between time and amount of 

shift seen. As with reseau positions, there is no evidence for secular changes. 

The changes seen are generally believed to be thermally induced, although con

clusive proof of this requires more study. 

\-Vith the present calibration procedure, wavelength errors due to shifts along 

the dispersion direction are always possible; errors as large as O. 5.~ (i. e., 

several times the spectral resolution) have been seen i:1 extracted high dis

persion spectra, although errors of orl:; O. L~ are more typical. A study of 

these errors has been made for S\VP &: L\\'R low dispersion and published in 

ICE :\ewsletter 5 (Reference 3). :\ominal accuracies based on that SCltd y are 

given in Table 5-2. 
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Table 5-2. Nominal Wavelength .\ccuracies 

Camera/Order Dispersion 

SWP Low 

SWP/75 High 

SvVP/ lOO High 

SWP / 125 High 

LWR Low 

LWR/ 75 High 

L\VR/ IOO High 

LWR/ 125 High 

Error Error 
(Pixels) (.\ ) 

1.5 2.5 

1. 5* 0.07 

1. 5" 0.05 

1. 5* 0.04 

1.3 3.5 

1.-.)
')x O. 1 

1 "".0 0.07 

1. 3 ~ 0.06 

"'Error in pixel units for high dispersion is assume d to equal error for low 
dispersion. A. high dispersion error analysis has not been performed .1S ~·et. 
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5.3 SPECL:l..L CALIBRATIONS 

Guest Observers may obtain their own wavelength calibration images more 

frequently than the biweekly standards if they desire to devote a portion of their 

assigned observing time to such endeavors. At the present time, data are not 

available to assess the degree of improvement which this approach yields. 

ruE Guest Observers who desire to obtain their own high dispersion \vave

length calibration images in order to improve the accuracy of the ',vavelength 

scale on their extracted spectra are advised to also obtain either a separate 

TFLOOD exposure or a low dispersion platinum lamp-plus·-TFLOOD exposure. 

This is necessitated by the fact that the high dispersion platinum spectrum used 

for wavelength calibration contains numerous lines, some of which lie extremely 

close to, or even superimposed upon, a number of reseau marks. \vnen this 

occurs, the reseau-finding algorithm does not accurately calculate the positions 

of the affected reseaux, which in turn results in a bad geometriC correction. 

The extent of this effect depends on the exact placement of the spectral format 

at the time the image is taken (it is known to shift by up to several pixels), and 

is far worse in the SWP camera than in the L \VR camera. 

Since reseaux are known to move (i. e., the geometriC distortion is not im

mutable at the sub-pixel level), a woavelength calibration may be extremely 

inaccurate if reliable reseau pOSitions cannot be compded for the same time 

frame as the \vavelength calibration image. In order to do this, the separate 

TFLOOD or low dispersion standard calibration image (on which reseaux are 

not contaminated) is strongly recommended. 

Guest Obsen-ers ''iho \vish to use a special calibration should fill in the last 

two lines of the "Processing specifications" (see Figure '2-2) indicating the 

image number of the special calibration to be used. 
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5.4 WAVELENGTH CORRECTIONS 

5.4.1 	Vacuum-To-Air Conversion 

The wavelengths obtained using the platinum-neon calibrati on lamp are vacuum 

wavelengths. Since it is customary to list air wavelengths for lines longward 

of 2000 Angstroms, a vacuum-to-air wavelength correction is made for some 

of the L\VR wavelengths. Corrections are made as follows: 

1. 	 All extracted wavelengths from the SW spec crogr aph are left uncor

rected (vacuum wavelengths, even for A> 2000 angstroms). 

2. 	 All extracted wavelengths from the LW spectrograph are corrected 

to air values if equal to or greater than 2000 angstroms; extracted 

wavelengths shorter than 200 0 angstroms are left uncorrected 

(vacuum wavelengths). The formula used to do the correction for 

wavelengths equal to or greater than 2000 angstroms is: 

A , = A )/ f( A
alr vac vac 

where 

8 
2. 7 f3 2c!9 x 10 

f( A) = 1. 0 '- 2.735182 x 10 
-:! 

A.J: 

S . .J:.2 	 \'elocit\· Corrections 

At the present time, :10 velocit \· corrections are a ppliea to the extracted '.' a" e-

lengths. [n the near fut u re, howe\'er, the wa,'elengt hs will be corrected to 

compensate for the Earth's orbital velocit y about the Sun a nd the s a te lli te 's 

orbital \' elocity about the Earth. The orbital e lemeClts used for the satellite 

wi.ll be updated as often as necessary to maintain an accuracy oi - ~ kIT'sec 
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in the computed line-of-sight velocity. (This is about 25 percent of the maxi

mum satellite velocity). 
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SECTION 6 - EXTRACTION OF SPECTRAL INTENSITY 


6.1 HIGH DISPERSION 

6. 1. 1 Slit Integrated Spectra 

Following the spectral format registration step, an analyzing slit is passed 

numerically by the computer along each order of the geometrically and photo

metrically corrected image (i. e., along trajectories specified by the disper

sion relations), and entries in a table of slit-integrated instrumental spectral 

intensities as a function of wavelength are accumulated. 

6.1.1.1 Point Source and Extended Source Reduction 

In the point source reduction mode the gross spectrum of each order is ex

tracted from the registered spectral image using an analyzing slit which is 

Iipixels wide, and sji pixels high. 

The point source reduction mode would be used for the extraction of data from 

spectra of very localized (significantly smaller in spatial extent than the 10 

by 20 arcsec large aperture) or spatially unresolved objects when the large 

aperture is used, and for the extraction of all data taken through the small 

aperture. In addition to the point source reduction mode, [CES[PS provides a 

high resolution extended .:Source reduction mode since in so::ne cases the large 

aperture might be used i..n the high dispersion mode even though the object ob

.3erved is an extended object. This would have the advantage of improved 

throughput and the disadvantage of substantial \\'avelength resolution loss caused 

by the orientation of the large aperture. In the high resolution mode the large 

aperture is oriented with its long axis almost para llel to the di3'persion line. 

(See Table 3-1 and figures 3-5 and 3-6.) ill this extended source mode the 

extraction slit used is 1\/2 
r-

pixels long and thus it e:-..tencls across most of the 

large aperture. The toeal area covered by the slit is 9 square pixels for the 

point source extraction and 13 square pixels for the ex:ended-source exto.ction. 
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In addition to the gross spectrum, an interorder or background spectrum is also 

computed using data extracted approximately (to the nearest pixel center) half 

way between each pair of spectral orders with an analyzing slit which is a 

square, one pixel on a side. For any order the background spectrum is defined 

as the average of the values measured on either side of the order normalized to 

the total slit area used to extract the gross spectrum. It should be noted that 

the measured interorder (background) spectrum is the same in both the point 

and extended source modes. 

In either the point or extended source modes, the extraction slit is oriented 

such that its long axis is approximately (to the nearest pLxel center) bisected 

by the dispersion line, and runs nearly perpendicular to the dispersion line 

(it is actually along the diagonal of the image array which is within about 9 de

grees of the perpendicular to the dispersion line--see Figures 3-6, 3-6, and 

6-1. 

Note that the analyzing slits used are all composed of full and half pixels (the 

half pixels are full pixels divided along their diagonals ), and when the extraction 

is performed these slits are registered with the 768 by 768 pixel geometrically / 

photometrically corrected data image such that all the pixels in the slit cor

respond to pL'(els in the image. As a consequence of this necessity to register 

the pL'(el grids the analyzL'1g slit for the gross spectrum is only approximately 

centered on the dispersion line and the one for the bac kgrOund spectrum is only 

appro.\:imately halfv.,:ay between orders. In addition, the slit is stepped in the 

dispersion direction by" an amount equal to the j2pixels plus or minus what 

ever is necessary to bring about registration with the grid, i. e., there is one 

and only one slit center per scan line of the image. This means that the step 

size in wavelength ,"aries \vith every step and that the wavelength for each 

extracted flux must be recorded as well as the flux (see Section 3). 

In actually performing the ext:-action, the image is bro1,;ght ~ nto (he computer 

a fe w lines at a time. Within the bOLU1daries of a Circle clefining the usefu l 
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Figure 6-1. High Dispersion Extraction Slit Geo~etry 
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detector area on the image, for each order one entry (sUt-i:ltegrated spectral 

intensity value) is generated per image line, and up to 600 entries per echelle 

order may be accommodated. As each on-order intensity measurement is made, 

the corresponding "background" or "interorder" intensity is also accumulated. 

A net spectrum defined to be the on-order or gross spectrum minus a smoothed 

version of the interorder background is later calculated. (A 15 point running 

average is performed twice on the interorder spectrum to smooth it before sub

traction from the gross spectrum.) 

6.1.2 Echelle Order Overlap 

The background spectrum and to a certain extent the on-'order spectrum tend 

to be contaminated by light from the adjacent echelle orders. The intensity 

profile pecpendicular to an order is approximately gaussian with a full width 

at half maximum (F\v1-E'vi) of 2.;) pixels, while the spacing between orders 

varies from about 12 to 5 pixels from the long to the short wave end of the 

echelle format. This problem is therefore most se\'ere at the short wa\'elength 

end of the echelle format (hi.gh orders), and for cases where the large aperture 

is used for an extended source. 

Computation of the background as it i.s currently done has t\\;0 shortcomings. 

Firstl y, the inter-order data consists of background and a contamination from 

on-order data. Secondly, the on-order data is contaminated by orders other 

than itself lorimanly those to either side). The first effect is the more serious, 

and it resLtlts in background values that are too high - thus the ~ET flLL,( tends 

to be too low. 

This problem has been studied tReference -1: ) by [CE obsen'atory staff and che 


results of this study will appear in the ICE ~ewsLetter. 
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6.2 LOW DISPERSION 

6.2.1 Slit Integrated Spectra 

In low dispersion, an algorithm similar to that described for high dispersion 

is used to generate the spectral intensity table, but with longer analyzing slits 

for both the on-order (gross) and background spectra. These longer slits are 

possible since there is no order-overlap problem (see Section 6.1. 2) for low 

dispersion. 

The long axis of the analyzing slit is along a diagonal of the 768 by 768 pixel 

data array as it is for high dispersion. It should be noted that for low disper

sion the slit is rotated 90 degrees from the high dispersion case (see Fig

ures 3-5 and 3-6), and is therefore nearly aligned with the axis of the large 

aperture. 

6.2.1.1 Point and Extended Source Reduction 

The point source reduction mode is used in low dispersion under the same 

circumstances that it is employed for the high dispersion case (see Sec

tion 6.1.1.1). The on-order analyzing slit used is 9J2pixels long \see Fig

ure 6-3) \vhile the background is extracted using two £pixel long slits placed 

a distance sJ2or llJ2pixels to either .side of the order. The distance 11)2 

pixels is used when the data are taken through the large aperture; the distance 

of Sflpixels is used for small-aperture data. 

In those cases \V"here the large aperture is used and either the source is ex

tended (spatially resolved) or the spectrwn is trailed the extended-source 

reduction mode is recommended. In chis mode the on-order slit has a height 

of is ff pixels and the background is taken ,vith a 5 J 2 pLxel long slit a 

distance 11 J2 pL,<els from the order. 

For the exi:ended source mode the on-order analy zi::lg s l it has an area of 

29 square pLxels while for the point source mode its area is 17 square pixels. 
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In both cases the background slit has an area of 5 square pixels. As in the 

case of high dispersion the extracted background flux is smoothed, normalized 

to the area of the on-order slit, and subtracted from the on-order extracted 

flux to compute a NET flux. 

6.2.2 Spatially-Resolved (Line-by-Line) Spectra 

6. 2. 2.1 Analyzing Slit Placeme nt 

A set of 55 "spatially-resolved gross spectra" is extracted from the geomet

rically and photometrically corrected image. These spectra are extracted in 

a direction parallel to the direction of dispersion with a square slit which is 

.[2 by.J2 pixels in size and which is oriented at an angle of 45 degrees to the 

line and sample directions. The spatia l. separation of each spectrum is ,h pixel 

widths ("-'perpendicular to the dispersion direction), and each spectrum is 

treated as a separate "order" (see Figure 6-2). The 2·Sth or central spectrum 

is centered on the dispersion line and assigned an order number of 100; each 

of the other 54 spectra are assigned an order number equal to 100 -.:: n, where 

n ,:-2 pixels is the distance of the extracted spectrum from the dispersion line 

(hence, order numbers 73-127 are assigned). 

The analyzing slit (as shown in Figure 6-2) has an area of 2 square pixels, and 

is positioned and oriented at each step such that its area overlays parts of 

several pixels (up to seven). The flux value extracted using this slit is thus a 

weighted average of the F;J values of the several pixels which fall partially or 

wholly I,vithi!1 the slit; the weights used are proportional to the areas overlaid. 

The centers ·Jf chese J..nalyzing s li ts are choosen in two ways cepending on \Vh~ch 

of the 55 orders is involved. If the slit in question lies on the central order 

(order 100), its center is identical to that used for the low dispe rsion point 

source and extended source modes, but if it is on one of the 6-1 orders to either 

side of order 100, its center is defined to be a discance n,-:2 pLxels from 

I' 0-, 



order 100, where this distance 	is measured along a line which crosses 
o

order 100 at an angle ~ ( ~ '"" 90 ). 

At present (September 1979) the angle w is set equal to 90
0 

for all extrac

tions, and while this is optimwn for trailed spectra (ti1e star is trailed per

pendicular to the dispersion), it is not the best value that could be used for large 

aperture observations of extended sources, since the long axis of the large 

aperture is not perpendicular to the dispersion line (see Figures 3-5 and 3-6). 

Eventially changes will be made to the extraction schemes to use the optimum 

angle for the data be ing extracted. 

Since in low dispersion the large aperture extends for several optical resolu

tion elements perpendicular to the dispersion, this series of extractions paral

lel to the dispersion provides spatiaUy-resolved spectra of extended objects. 

6.2.2.2 Wavelength Assignments 

Associated with a given extracted-data-sample in the central order of the line

by-line (order 100) there are 54 such samples (one for each of the other "or

ders") that are assigned the same wavelength as the given sample. These 54 

samples are those that lie on the line 'Nhich crosses order 100 at an angle :..:.:, 

and which passes through the given sample in order 100. The wa\-elengths used 

are computed from the dispersion relation using as input the line and sample 

locations of the extracted-data-samples lying along order 1.00. 

6.2.2.3 Rectified Image Segment 

The flLLX information contained 	in the 5S gross spectra is also translated into 

an image format. .4. -55 -line image, referred to as a "rectified tmage segment" 

is defined with half\vord pLxel values equal to the extracted nLLxes in the cor

responding 5S spectra. 
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6.3 UNITS OF EXTRACTED SPECTRA 

Until corrected by the appropriate absolute instrumental response function 

(IRF), the extracted spectra are in ICE flux units--arbitrarily scaled time 

integrated values of exposure measured with the slits defined for each case 

above. In the case of a background spectrum the flux is normalized to the 

area of the slit defining the corresponding gross spectrum. 

6.4 QUALITY MEASURE (€) VALUES 

For both high and low dispersion, in addition to a wavelength each extracted 

flux is assigned a data quality measure, (, \vhich is defined as follows: 

€ =.264 x (pixel distance from tube center) 

+ € + € 
r s 

(
r 

= - 800 if the center of the slit defining the gross flux is within 

2 pixels of a reseau; - :tOO if the center of the slit defining the 

background flux is within 2 pixels of a reseau (low dispersion 

only); 0 otherwise. 

€s = - 1600 if any pixel contributing to flux is saturated (i.e., D::\ = 255); 

o otherwise. 

6.5 ECHELLE BL\ZE ("RIPPLE") CORRECTI00r 

The high dispersion echelle spectra must be corrected for the effects of the 

sharply blazed echelle gratings used. The echelle blaze function is theoreti

cally a parameterized sinc function for each echeLle order 'kith the maximum 

at the central wavelength. The empirical data collected S0 far suggest that t he 

actual blaze function, however, is less steep and \-aries \\ i.th order number in 

a fashion more complicated than the theo retical result, although defi:1itive 

pronouncements require the ability to establish a reliable net spectnun Ii. e. , 

solution of the order-overlap and ha lation problems (see S'?ctions 6.1.:2, 
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and 6.6). l"ntil these problems are resolved the parameterized sinc function, 

F ( A) , defined be low \vi11 be used: 
corr 

F ( A) = F (A) extracted net 
corr R (A) 

where 

2
sin X 2

R(A) = -- (1 + a X )
2

X 

and 

2 
rr m (A - Ac)

X = Min 
K 

2.61 

A = Kim 
c 

m = echelle order number 

K = eche11e grating constant 

a = adjustable parameter 

Current values for K and a are given in Table 6-1 . 

Table 6-1. Echelle Blaze Paramete rs 

K a 

swP 137, 725 0.10 

L \VR 2 31 , 1 50 0.09 
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6.6 	 BACKGROU;-;D RE MOVAL (SCATTERED LIGHT, HA LATION, .-\:\D 
RADIATIO~ BA CKGROUt\"D) 

For both high and low dispersion the background is composed of (1) a component 

which is ca·..lsed by radiation and varies slowly across the vidicon target, (2) a 

component which is caused by halation and which varies as the inverse-square 

of distance from the source on the target, and (3) a component which is caused 

by scattered light and which varies in a complicated manner across the target 

depending on the distribution of on-order spectral features observed. The back

ground contamination may also contain light from an adjacent echelle order 

(see 	Section 6.1. 2). 

Currently the only correction for the three background components applied to 

the GROSS spectrum to obtain the t\"ET Iboth high and low dispersion) is to 

subtract the smoothed extracted backgroW',d from the GROSS. In the case of 

the low dispersion 0!ET this procedure gives good results since the background 

used is an accurate representation of the true background. For the high dis

persion NET this is not always true due to the order overlap problem. 

Work is in progress to increase the accuracy of the background removal proce

dure by finding a solution to the order overlap problem. 
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SECTION 7 - ABSOLUTE FLIJX CALIBRATION 

7.1 LOW DISPERSION SPECTRA 

By means of IUE observatiors of ultraviolet photometric standard stars, absolute 

fltL'( calibrations may be defined as described extensively by Bohlin et at. (Ref
--I 

erence 1). Inverse sensitivity functions S" can be determined such that the 
-? -1 °-1

absolute flux FA (ergs cm ~ sec A ) may be computed from the extracted 

IUE flux number (FN) spectra as follows: 

(7 -1) 

-1
where t is the exposure time in seconds. Reference 1 contains tables of SA 

for the LWR and S\VP cameras, although the SWP function relates to the "old" 
_1 

SWP ITF (see Section 4.2.1). Preliminary results indicate that a new SA 

determined using the new SWP ITF will not differ greatly from the old. 

As of the present time, the actual S-: functions are not applied to any of the 

data given to the GuestObservers; all spectra appear in FN units. Those spectra 

which are referred to as "absolutely calibrated" in Section 8 are curren ely gen

ticipated that in the near future, the proper S A functions will be available for 

-1 
erated using dummv 

~ 
S A functions and exposure times set to unitv.' It is an

--1 

use in the generation of the standard low dispersion GO data package. 

7.2 mGH DlSPERSlO0l" SPECTRA 

-1 
There are no short-term goals for determining high dispers ion S functions to 

,\ 

provide an absolute f1wc calibration in the high dispersion mode. Improvements 

to the echelle order overlap and ripple correction algorlthms are required before 

accurate high dispersion spectrophotometry is feasible. Thus, high dispersion 

spectra referred to as "absolutely calibrated" are in fact at the present time still 
-1

in FN units: dumm v S values set to UI1ity are used to generate chese spectra
A. 

currentlv. 

i-I 

::c:;. L 



SECTION 8 - GCEST OBSERVER DATA PACKAGE 


8.1 OUTPUT PRODUCTS DESCRIPTION 

8.1.1 Photowrite Hardcopy Ima~ 

Every IUE image which is treated by the image processing system has a photo

graphic hardcopy generated by an Optronics Photowrite device. This device 

produces photographic representations in 256 descrete grey levels (i, e., in an 

8-bit format) of the IUE two-dimensional spectral images on 8" x 10" film 

sheets, using as input magnetic tape files containing the images in digital form. 

The input magnetic tapes are generated by the Sigma-9 image processing com

puter and contain, in addition to the images themselves, ancillary information 

which is also transmitted to the Photowrite film and which facilitates the identi 

fication and interpretation of the images. This informat ion includes a 16-step 

linear grey scale, a tick-marked border and selected lines of the Il"ESIPS label 

associated with each image. The typical Photowrite film sheet is arranged to 

display three images side-by-side: the raw image, the geometrically-corrected 

image with a wavelength-scale overlay showing the location of the registered 

dispersion relations, and a scaled version of the geometrically and photometri 

catly corrected image. 

The image with the wavelength scale overlay is particular ly significant, in that 

it provides a permanent record of the placeme!1t of the analyzing slit used to 

extract the spectral intensity. That is, the analyzing slit follows each order 

centered on the dispersion relation marked by the o\-erlay. If for any reason 

the dispersion relations do not adequately track the orders (for example, because 

of a bad geometric correction or an improper registration ), the extracted inten

sities will be inaccurate. The overlaid image \vill make suc h circumstances 

immediate ly apparent. 
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The geometrically and photometrically corrected image is presented in a scaled 

form because the 8-bit Fhotowrite format will not accept the 16-bit photometri

cally-corrected pixel values. The scaling is done by dividing the 16-bit values 

by 70, so that most unsaturated pixels will fall in the 0 to 255 range. SL'(teen-bit 

values exceeding 17850 are scaled to the value 255, and 16-bit values less than 

oare scaled to the value 0, although the 2000 FN offset discussed in Section 4.2 

should suppress negative values. 

In addition to the Photowrite hardcopy images generated by the image processing 

system, a single large-scale copy of every raw image available on a telescope 

operations archive tape will be produced before any computer processing is 

performed. This Photowrite hardcopy image is produced for quick delivery 

to the GO. Because it is generated prior to computer pl'ocessing, this image 

contains none of the ancillary data such as grey scales and label data, etc. , 

described above. Because it is generated at twice the scale of the "processed 

image!' Photowrites, it is particularly suitable for detecting image flaws such 

as radiation events, "hot pL'(els," cosmic ray tracks, reseau marks, etc., 

which can affect the extracted spectral intensities. The Guest Observer is 

advised to examine these images carefully in this respect to avoid misinter

pretation of the data. 

It cannot be too strongly emphasized that Photowrite hardcopy images are in 

fact merely convenient visual representations. of the digital data. They are by 

no means in tended to support photometric measurements. 

8.1.2 CalComp Ptots 

Extracted Il-E spectral intensities are plotted as a function of wa\"e length on 

lO-inch full scale, continuous-roll, gridded paper by an offline CalComp ploccer. 

These plots provide a convenient representation of the extracted spectra, but 

they are not intended to be the definitive data display !1ledium I because of the 

inherent limitations discussed be low. ~he oriman'. source of rec!uced data re, 

mains the magnetic tape files given to each Guest Obsener (see Section :3. l. 3). 
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Low dispersion spectra are plotted at a horizontal scale of ~iO A/inch, with the 

vertical scating determined automatically by the data being plotted (the maximum 

unsaturated extracted flux point is at least one half of the 10-inch full scale). 

Points which are affected by saturated pL'<els or reseau marks are plotted with 

special symbols on the basis of the associated t quality measure values de

scribed in Section 6. Three separate plots are provided for each low dispersion 

spectrum: (1) the gross spectrum, background spectrum, and smoothed back

ground spectrum plotted on a common axis, (2) the net spectrum (gross minus 

smoothed background), and (3) the common logarithm of the net spectrum. 

Each plot is identified by an excerpt from the IUESIPS l.abe 1 for the spectrum. 

Whenever possible, such information has been kept to a minimum to reduce 

plotting time. In particular, for low dispersion spectra, only the second plot 

(net spectrJ.rn) displays all of the image processing history records added to 

the image labe 1; the first and third plots have abbrevia~ed headers containing 

only the first 5 lines from the IUESIPS label. 

o 

High dispersion spectra are plotted partly at a 10 A/inch horizontal scale, and 
o 

partly at 2 A./inch horizontal scale. As in the low dispersion case, the vertical 

scaling is data dependent. For high dispersion, two plots are provided: (1) the 

gross spectrum and the smoothed interorder spectrum, at 10 A/Lnch, and (2) 

the net spectrum (gross minus smoothed interorder) after the correction for 

the echelle "ripple" function has been applied. The second plot may be at 

10 .-\/inch or :2 ..\ ;' inch . .-\s is the case for low dispersion, the first plot is pre

ceded by an abbreviated header for identification pLtrposes. 

Guest Observers are reminded that the CalComp plots are of only finite accu

racy..-\lthough ne\l,- ploner hardware in use since _-\u~Jst L979 has increased 

the precision of the plots, the old plotter hardware used previously was limited 

to a precision of approximately = 0.5 percent, \vhich meant that scale or r~g

istration errors of one small grid unit (0.05 inch) could be expected over di<:

tances of LO inches. This tolerance remains the limit of preCision guaranteed 
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in all delivered plots, although most plots generated on the new hardware will 

exceed this precision. As an aid to the Guest Observer in assessing the inter

nal registration precision of each plot, special registration symbols are plotted 

before and after the data are plotted, as follows. Before the a.."'Ces are drawn, a 

"+" symbol is plotted just above and to the left of the origin; after the horizontal 

axis is drawn, and before the paper is rewound to begin the data plotting, a second 

"+" symbol is plotted just above and slightly beyond the end of the horizontal 

axis. When the paper is re\vound to the origin to start the plotting of flux points, 

an !Ix" symbol is overplotted at the location of the first ".,." mark plotted. As 

long as registration has not been lost since the start of the axis plotting (the first 

"+"), a ";;(,, symbol will result from the overplot; lost registration will result 

in a symbol without a unique intersection point (e. g. I "~ "). Similarly I a second 

"x" overplot is made at the location of the second "+" mark after all the flux 

points have been plotted. As before, a ";;(" symbol signifies good registration 

between the axis and data plotting. 

8.1.3 Magnetic Tapes 

Each Guest Observer is given magnetic tapes (GO tapes) containing the raw and 

reduced data for each of his or her images. These tapes are in 800 bytes per 

inch (bpi), 9-track, odd parity ~RZ (~o Return to Zero) format. The various 

files associated with each image represent the most complete renderi.ng of the 

data delivered to the Gues t Observer and are intended to be the pri.mary data 

source for further astronomical analysis. 

A summary 1isting of the contents of each GO tape is provided for quick refer

1 h "' 
ence on a Guest 0 bserver Tape Contents sheet, on ,,'hich t e nature st eacn tape 

file is described in coded form (raw image = ri, geometricall v corrected image = 

gi I geometrically and photometrically corrected image = g?i, geometricall~ ' and 

photometrically corrected image segment = gpis I reseau-positlon data set = res, 

spatially resoh'ed ("line-by-line") extracted low dis9€rsion spectrum = essr, 

merged low dispersion e:..."tracted spectrum = eslo , and merged high dispersion 

It is ant icipated that in the near future, the hand wr it ten Cl~est Obsen"er Tape 

Contents sheet will be replaced by an expanded ','ersion of the T2pe CJGtents 

Summar~' !see Figure 3-1:2). 
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extracted spectrum = eshi.) Figure 8-1 illustrates how a typical Tape Contents 

sheet would appear for both low and high dLspersion images. Note that the name 

of the processing module ("scheme" name) used for each image is also listed; 

a key to the scheme names and the type of processing they perform is given in 

Table 8-1. 

In addition to the Tape Contents listings prepared for each GO tape as described 

above, a computer-generated printout ("Labelprint") relevant to tape contents 

is also provided; see Section 8.1. 4. 

As of July 1979, each GO tape begins with a Tape Header file identifying the 

inventory number of the tape. This is used for internal accounting purposes and 

should generally be ignored by the Guest Observer, although its format is given 

in Section 8.2 along with the formats for all other tape files which appear on GO 

tapes. The standard sequence of tape files for high and low dispers ion images 

are as foHows: 

High 	Dispersion--3 files 

1. 	 Raw image (ri) 

2. 	 Geometrically and photometrically corrected image (gpi) 

3. 	 Merged extracted spectra, containing wavelengths, data quality 

flags, and fluxes for a) gross, b) interorder, C) net, and 

d) absolutely-calibrated;l r ~ pple-corrected net spectra (eshi) 

Low Dispersion (Single Aperture)--5 files 

1. 	 Raw image (ri) 

2. 	 Geometrically af1_d photometrically correc ted image (gpi) 

l.entil suitable absolute system sensitiv icy functions are defined, "absolutely
calibrated" IrE sp€ctra on GO tap€s are expressed in f:"- units (same as o(her 
spectra); 1. e., a sensiti\-it'y funccion 0: unity is applied . 
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TaLle 8- 1. Key to ILJESTPS Schenle Names, Tnput Files, Type of Processing, 
and Magne tic Tape Output Files (1 of 2) 

NUMBEA 
INPuT IMAGE TYPE TAPESTANUARD SCHEME 

FILES 

CRI 

FDRESo 
011 
SF URS" 

FES 

U , 
I 

O"l 

Fnl"i (~) (~) c-

Oli 

FtlHEMC' 

filL (~) (~) C· 

OH 

FIILEMC' 

I 


RAW IMAGE 
(" uo NOT PROCESS" ) 

RAW FLAT FIELD 

RAW FINE ERROR SENSOR 
(FES) IMAGE 

RAW TARGET. 
tliGH DISPERSION 
(S ~ SMA L L APERTURE, 
L ~ LARGE APERTURE, 
E ~ EXTENOf::u SOuRCE 

REDuCTION FOR LARGE 
APERTURE. 

A ~ AUTO HEG ISTRATION, 

M ~ MANUAL Rt:GISfRA TlON) 


flAW TARGET. 

LOW DISPEIlSION. 

SINGLE APERTUfiE 

(S - SMAl. L Af'fHTURE . 


L. - LAI"i G E APERTURE, 
E - EXTENDED SOuRCE 

RE D u CTI O N FOt! LARGE 
At'EtlTUR E. 

A ~ AUTO REGISTRATION, 

M - MANUAL REGISTRATION) 


I 

2 

1 

3 

5 

FILE 
GO TAPE OUTPUT FILE DESCRIPTION REFERENCE 

NAME 

I. 	RAW IMAGE 

1. 	 RAW IMAGE 
2 . 	 FOUND RESEAU POSITIONS 

1. 	 RAW FES IMAGE 

1. 	 RAW IMAGE 
2 . 	 GEOMETRICALLY AND PHOTOMETRICALL Y 

CORRECTED HALfWORD IMAGE 
3 . 	 EXTERNAL-FORMAT SPECTRAL FILE WHICH 

MERGES FOuR SEPARATEL Y EXTRACTED 
SPECTRA : 
a) GROSS 
b) INTEflORDER 
cl NET (GROSS MINUS SMOOTHED INTERORDER) 
d) RIPPLE -CORRECTED, "ABSOLUTEL Y

CALIBRATED" NET SPECTRUM 

1. 	 RAW IMAGE 
2 . 	 GEOMETRICALLY AND PHOTOMETRICALL Y 

CORRECTED HALFWORD IMAGE 
3 . 	 GE OMETRICALLY AND PHOTOMETRI CALL Y 

COHRECTED HALFWORD IMAGE SEGMENT 
DEHIVED FROM TIlE FULL IMAGE IN THE 
VICINITY OF THt: SPECTRAL ORDER 
("RECTIFIED IMAGE SE GMENT") 

4. 	 EXTERNAL-FORMAT SPE CTRAL FILE CONTAIN 
ING THE SET OF "SPATIALL Y-RESOLVED" GROSS 
SPECTRA . EACH SPECTRUM IS TREATED AS A 
SEPARATE ""SEuDO-ORDER" 

5 . 	 EXTERNAL-FORMAT SPECTRAL FI L E WHICH 
MERGES FOuR SEPARATELY-EXTRACTED 
SPECTRA : 
0) GnOSS 
b) BACKGROUND 
cl NET (GROSS MINUS SMOOTHED BACKGROUND) 
d) "ABSOLUTEL Y -CALIBRA TED" NET SPECTRUM 

1. RI 

1. AI 
2.RES 

I. FES 

I. RI 
2. GPI 

3. ESHI 

I. 	RI 
2. 	 GPI 

3 . 	GPIS 

4. 	 ESSR 

5. 	 ESLO 

m ....-... .... 
'" ", ' 

'"' 



--

(/) 

I 
.•. J 

STANDARD SCHEME 

FilLS (~) c-

OR 

F-nLXMC' 

FNHMHn 

IIGEOMII 

U;lOMIl 

Table 8-1. Key to JUESIPS Scheme Names. Input Files. Type of Processing. 
and Magnetic Tape Output Files (2 of 2) 

INPUT IMAGE TYPE 

RAW TARGET, 
lOW DISPERSION, 
DOUI:lLE APERTURE 

m ~ POINT·SOUf~CE 
HEDUCTION FOR LARGE 
APERTUHE, 

X ~ EX TENDEO·SOUHCE 
REDUCTION FOR LARGE 
APERTURE, 

A ~ AuTO REGISTRATION . 

M ~ MANUAL REGISTRATION) 

flAW fLAT FIELD 

HAW WAVELENGTH 
LAl.Il:lRATION IMAGE, 
I liCit-! DISPERSION 

HAW FLAT FIELD 
I WAVELENGTH CALIBRATION 
IMACiE. lOW DISPERSION 

NUMBER 

TAPE 

FILES 


8 

2 

1 

2 

FILE 
GO TAPE OUTPUT FILE DESCRIPTION REFERENCE 

NAME 

1. RI1. } AS FOR FILES 1·2 OF Fn (~) (~) C 
2. GPI2 . 

3. GPIS'} SMAce APERTURE DATA. AS FDA FILES 
4. ESSR4 . S) A)

5 . 3·5 OF Fn (L (M C 5. ESLO 

6} LARGE APERTURE DATA, AS FOR FILES 6. GPIS 
7. S A 7. ESSR3·5 OF Ff) I ) 1 ) C 
8 . L M	 

I 
8. ESLO 

1. RAW IMAGE 1. RI 
2. RRGI 

GEOMETRICALL Y CORRECTEO 
2. IMAGE WITH RESEAUX REMOVEO. ANO 

1. GEOMETRICALLY CORRECTED IMAGE 1. GI 

I 

1. FOUND RESEAU POSITIONS 	 I 1. RES 
2. GEOMETll !CALL Y COliHECTED IMAGE 	 2 . GI 

r 

'flU': CHAiIACTEH ..c· IN IIIE MARKED SCHEMES INDICATES CURRENT (SrANDARD) CALIBRATION FILES IN USE; IF SPECIAL CALIBRATIONS ARE 
LJSLU , TIll: "C" WILL BE HEPLACEO tlY rtlE CHARACTER "S" . 

NOTE· 	NOT ALL SCllEMI:S I\HE HUN ON ALL IMAGES; CONSULT GuEST OBSERVER TAPE CONTENTS SHEET . 
III ~ CAMEI'lA NUMBEH; n .. 2 FOR LWR," ~ 3 FOA SWP). 

a. 
':::. 

0> '" 
~ 

.., 

I 



,'2I 7(;, 31 c.,. 

MCALOSSERvt:R 
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'I 
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*The number 17 added to the standard scheme name is an arbitrarily assigned 
computer job number and can be ignored. 

Fig'-1re ~ -1. Sample Guest Cbsen'er TJ.pe ConcerHS Sheet 
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3. 	 Geometrically and photometrically corrected image segment (gpis) 

4. 	 Spatially resolved gross spectra, containing wavelengths, data 

quality flags, and gross fluxes for 55 separately extracted spectra, 

each treated as a distinct "pseudo-order" (essr) 

5. 	 Merged extracted spectra, containing wavelengths, data quality 

flags, 	and fluxes for (a) gross, (b) background, (c) net, and 
1(d) absolutely-calibrated net spectra (eslo) 

Low Dispersion (Double 	Aperture) --8 files 

1. 	 ri 

2. 	 gpi 

3. 	 gpis (small aperture) 

4. 	 essr (small aperture) 

5. 	 eslo (small aperture) 

6. 	 gpis (large aperture) 

7. 	 essi (large aperture) 

8. 	 eslo (large aperture) 

8.1. ~ COIDDuter Listings (Labelprints) 

Each Guest Observer tape is accompanied by a computer-generated listing of 

the Il:ESIPS label for each file on the tape. Such listings are called "label

prints." The Il-ESIPS labels are written partly in EBCDIC characters and 

partly in binary-integer format. They contain much docwnentary information 

pertinent to the exposure and the status of the scientific instrument. Fig

ures 8-2 through 8-12 illustrate the appearance of the labelprint listings for a 

GO tape YVith data from one image, a double-aperture low dispersion image 

of the standard star BD +-75
0 

325. Note that in printing these listings, the labels 

are treated as if all data I,vere in EBCDIC format, so that those portions of the 

label 	actually in binary fo:mat are interpreted as either nonsense or undefined 
\ 

characters. 

lentil suitable absolute sY3tem sensitivity functions are defil~ed, "3bsolutel.'"
calibrated" ICE spectra an GO tapes are expressed in r:\ units !same as other 
spectral; i. e., a sensitivity function of unity is applied. 

3-9 



Figure 8-2 shows the label listing for the Tape Header file which begins each 

GO tape. It contains the GSFC inventory nwnber of the tape. 

Figures 8-3 and 8-4 show the label listing for the second tape file which contains 

the raw image. The re levant areas of the label are indicated in numerical se

quence, with a description key in Table 8-2. 

Figure 8-5 shows the label listing for the third file on the tape, the geometri 

cally and photometrically corrected image. Note that since the only portions 

of the label which change for successive files associated with a gi ven image 

are the file size field in label line 1 and the image processing history lines 

after label line 100, lines 6-100 are suppressed in this rendering for all files 

but the raw image. (All label lines are physically present in the magnetic 

tape version of the IUESIPS labels. 1) Table 8-3 contains the descriptive key 

for Figure 8-5. 

Figure 8-6 shows the label listing for the fourth file on t he tape, the geometri 

cally and photometrically corrected small aperture image segment. A key is 

given in Table 8-4. 

Figure 8-7 shows the label listing for the fifth file on the tape, the spatially 

resolved (line-by-line) low dispersion small aperture extracted spectrum. 

Note particularly the different line and sample counts (fields 1 and 2) and 

data type descriptor (field 3). 

Figure 8-8 shows the label listing for the sL'{th file on the tape, the merged 

extracted low dispersion spectrum for small aperture. Again note the image 

size attributes (fie Ids 1 and 2) and the data type descriptor. 

Figures 8-9 through 8-11 show the label listings for files 7 through 9 on the 

tape which are the large aperture equivalents to files :.J: through 6. 

1	A certain subset of high dispersion images obtained during the first episode 
have truncatea labels (i. e., lines have been removed) on the magnetic tape. 
This is because they were processed in part on the GSFC IBM S/ 360 com puters 
to offload large processing backlogs, and that system will not accept as many 
label records as are present in the standard IT..:ESIPS 13.bels. 
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Figure 8-2. Labelprint for Tape Header File 
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Table 8-2. Key to Figures 8-3 and 8-4 (1 of 3) 

Field No. Contents 

1 Starting line (record) no. of data file 

2 Starting sample (byte) no. of data file 

3 Number of lines (records) in data file 

4 Number of samples (bytes per record) in data file 
Fields 1-4 collectively comprise the "size parameters" for the 
data file. 

5 Camera scan step size (1-4) 

6 EDS fi le no. (1 or 2) 

7 Station flag (0 = ESA, 1 =NASA) 

8 Camera no. (1 = LWP, 2 = LYVR, 3 =SWP, 4 =SWR, 8 = FES1, 
9 = FES2) 

9 Dispersion flag (0 = high, 1 == low) 

10 Image sequence no. (1-99999) 

11 Running nwnber of label line (1-150) 

12 Continuation character in column 72 (C = more lines follow, 
L = this is last line of label) 

13 SOC tape (raw image archive tape) no. 

14 File no. of raw image on SOC tape 

15 Total commanded exposure time_(seconds). Sum of all exposures 
if more than one is taken 

16 Guest Observer comments section 

17 Event page section describing time-tagged sequence of procedures. 
Entries all begin with G~IT time in hhmmss format. Oldest entries 
appear below the double blank lines. ~ote: SWLA = short wavelength 
large aperture, LWSA = long wavelength small aperture, etc. 

18 Year of observation 

19 G~IT day of observation 

20 Exposure start tag. GMT time given is near start of exposure. 
Format is: EXPOBC cam. no. t

min 
t 
sec 

gain lamos
' 
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Table 8-2. Key to Figures 8-3 and 8-4 (2 of 3) 

Field No. Contents 

21 Exposure end tag. GMT time given is near end of exposure but can 
be much later. Format is: 

FIN cam. no. T total exposure time S sec voltage V uvc voltage 

22 Readprep tag. GMT time given is near start of image read. Format is: 

READPREP cam. no. I0.-IAGE image sequence no. 

23 Program ID 

24 Category (1, 2, or 3) 

25 Episode no. (1, 2, 3, '" etc.) 

26 Observer signon name 

27 Target list sequence no. 

28 Catalog source (H , B, D, .. " etc.) 

29 Catalog code 

30 Object name 

31 Source type (0 = point, 1 = extended, 2 = invisible) 

32 NASA/ESA flag (0 = NASA, 1 = ESA; cf. convention in field 7) 

33 Guidance flag (1 = FES, 2 =GYRO, 3 = EPHEMERIS, 4 = :YIA.NUAL) 

34 Right ascension of object: hhmmsst where t 

of time 

35 Declination of object: ddmmss 

36 Spectral type 

37 Luminosity class (1-9) 

38 V magnitude or flux 

39 Color excess E (B-V) or color B-V 

-l:0 Estimated photon flu.x 

41 Wavelength for flu." estimate 

-l:2 Predicted exposure time 

-l:3 Predicted S/ 0J ratio 

,3-1 3 
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Table 8-2. Key to Figures 8-3 and 8-4 (3 of 3) 

Field No. Contents 

44 Binary section of label 

45 Binary section of label 

46 Image processing history section of label 

47 File type descriptor 

48 Name of image processing module last run on file 

49 Time (Zulu, or GMT) of image processing scheme initiation 

50 Continuation character "L" signifying end of label records 
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Figure 8-5. Labelprint for Geometrically and Photometrically 
Corrected Image 
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Table 8-3. Key to Figure 8-5 

Field No. Contents 

1 Number of samples (bytes per record) in data file. Note 
change from raw image file (because of halfword data) 

'2 Image processing history section of label 

3 File type descriptor 

4 Data pertinent to ITF correction 

5 Effective ITF exposure times (units = 0.01 sec) 

6 ITF lVIULT values 

7 ITF correction FACTOR value, rounded off 

8 Image processing module name and time tags 

5-1 3 
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Figure 8-6. Labelprint for Geometricall y and Photometrically' Corrected 
Image Segment for Small ,-\perture 
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Tabl e 8-4. Key to Figure 8-6 

Field No. Contents 

1 Number of lines (records) in data file 

2 Number of samples (bytes) 

3 Image processing history section of label 

4 Data source identifier 

5 Value of "OMEGA" angle in low dispersion extraction (angle of line 
of constant wavelength assignment relative to dispersion direction) 

6 Height of background extraction slit, in units of -f2 pixel widths 

7 Distance from dispersion line to center of background slit, in units 
of ,[2 pixel widths 

8 Height of extraction slit in W1itS of.J2 pixel widths 

9 Standard deviation of fitted dispersion relations in the sample direc
tion, in pLxel units 

10 Standard deviation of fitted dispersion relations in the line direction, 
in pixe I un its 

11 Array of B(l), B(2), ... , etc., line-direction dispersion-constant 
values after registration shift. For low dispersion, LINE ~O = 
B(l) + B(2);\ • 

12 Array of A(I), A(2), ••. , etc., sample-direction clispersion
constant values after registration shift. For low dispersion, 
SA1fPLE NO. = A(l) + A(2);\. 

13 Value of registration shift applied to fiducia.l E(l) value to obtain 
the actual value listed in field 11, in pixel Ullits. 

14 Value of registration shift applied to fiducia l A(l) value to obtain 
the actual value listed in field 12, in pL'{el W1its. 
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Figure 8-8. 	 Labelprint for :\Ierged Low Dispersion Extracted 
Spectral File for Small Aperture 
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Figure 8-10. 	 Labelprint for Spatially Resolved (Line-by-Line) Low 

Dispersion Spectral File for Large Aperture 
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Figure 8-11. Labelprint for :'Ierged Low Dispersion Extracted 
Spectral File for La rge Aperture 
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Figure 8-12 illustrates the tape conterrts summary listing which comprises the 

last page of each labe Iprint. The summary lists all files on the tape, with the 

files separated by image number. Table 8-5 provides the key to the fields 

enwner ated in the figure. 

Note that the data in field 1 of Figure 8-12 provides information otherwise un

available to the Guest Observer except by actually reading the tape and search

ing for label records. Prior knowledge of this data is of particular convenience 

to Guest Observers using Control Data Corporation (CDC) computers to read 

the ir GO tapes. 

8.2 MAGNETIC TAPE FILE FORMATS 

As is apparent from the discussions Sections 3.1 and 8.1, each output file gen

erated by IUESrps consists of a set of label records followed by a set of data 

records. Schematically, a GO tape consists of series of files shown in Fig

ure 8-13. For the ith file, the number of label records, 0., the number of data 
1 

records, Mit and the length in bytes of each data record, B , all depend on the
i 

type of data in the file. The detailed lab€ 1 and data formats for each type of file 

which might appear on GO tapes are given LIl Sections 8.2.1 and :3.2.2. 

8.2. 1 Labe I Records 

8.2.1.1 Normal Labels 

Normal IUESIPS file labels consist of between 20 and 30 physical tape records. 

Each physical record is 360 bytes in length (one byte = S binary bits), being a 

concatenation of 5 logical records each 7:2 bytes long. .-\ 72-byte logical record 

corresponds to one line in the labelprint listing described in Section 8,1.·J:. 

Thus, lines in the image label are blocked 5 at a time to form 360-byte physical 

records (blocks) on tape. 

Raw image labels are 20 physical records (blocks) long. As the image proceeds 

through the processing system, J.dditional label information is appended. one 
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Table 8-5. Key to Figure 8-12 

Field No. Contents 

1 The number of physical records in the label portion of the file 

2 The length in bytes of each physical record in label. Any number ;ro 

360 is indicati ve of an error condition 

3 The number of physical records in the data port ~ on of the file 

4 The length in bytes of each physical record in the data portion of 
the file 

5 The number of irrecoverable read errors encowltered within each 
file as the tape was read back to produce labelprint 

6 Normal tape termination messages 
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Figure 8-13. Schematic GO Tape StI'"'lcture 
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block at a time. Since the information added at any given step mayor may not 

fill one or more entire block(s), a continuation character at the end of each 

logical record is used to flag the end of the label as follows. If any logical 

record is followed by at least one other, the EBCDIC character "C" is pla~ed 

in byte no. 72 of that logical record to signify a continuation. The last logical 

record of the whole label contains the EBCDIC character "L" in byte no. 72. 

(The labelprint listings in Section 8.1. 4 illustrate this point.) P!ote that the 

end-of-label flag need not occur on a block boundary ; any logical records which 

appear after the "L" in the last block are undefined (they generally contain core 

garbage). The overall label-record structure is shown in Figure 8-14. 

As explained in Section 8.1.4, the label records are in a mixture of EBCDIC 

and binary-integer formats (see Figure 8-3). Observers using computers with 

non-EBCDIC printers (e. g. , ASCII) are reminded that an input character format 

conversion will be required to display the EBCDIC portions correctly. 

8.2.2.2. Nonstandard Labels 

Two special types of files have nonstandard labe Is: (1) The Tape Header file 

which begins each GO tape has only 1 block, of which only the first logical re

cord is filled; see Figure 8-2 in Section 8.1. 4. All information is in EBCDIC 

format. Note that the Tape Header File label bas no "size parameters" field 

as all other labels do. (Note further that the Tape Header File has no data 

records.) (2) Reseau-position files generated from calibration images have 

only 1 block in their labels. Gnlike the Tape Header file labels, however, 

reseau-position labels do have the standard size parameters in the first logical 

record, and generally one or more other logical re cords are present conta in Lng 

free-form identification information for the sour ce of the reseau data. 

8.2.2 Data Records 

The length, number, and format of the records in the data portion of each file 

depend on the file type and are described below. In all files, the data records 
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are unblocked, i. e., logical record = physical record. Except for reseau

position files 1 all entries are binary integer quantities, in either one-bvte or 

two- byte format. 

8.2.2. 1 Raw Images or Geometrically Corrected Images 

There are 768 physical records, each containing the pLv.el values along one scan 

line of the image. Each record is 768 bytes long; each pi..v.el value is represented 

by one 8-bit byte (range 0-255). See Figure 8-15(a). 

8.2.2.2 Geometrically-and-Photometrically Corrected Images 

There are 768 physical records, each containing the pLxel values along one scan 

line of the image. Each record is 1536 bytes long; each pLv.el value is repre

sented by two 8-bit bytes, i. e., one halfword binary integer (range::: 32767, 

with negatives represented in two's-complement form). See Figure 8-15(b). 

8.2.2.3 Geometrically-and-Photometrically Corrected Image Segments 

There are 55 physical records, each containing the pi..'{el values along one line 

of the image segment. Each record is of length 2B bytes, where each of B 

pi..xel values is represented by two 8-bit bytes (range ::: 3'2767, with negatives 

in two's-complement form). B depends on which camera and aperture are 

used, but is always of the order of 400. The precise value of 2B may be read 

from the label size parameters (field no. 2 in Figure S-G). See Figure S-lS(cl. 

8.2.2.4 Fine Error Sensor (FES) Images 

There are \,I physical records, each containing the FES pLxel values a long one 

scan line of the FES image. Each record is 2:YI bytes long; each pL,=el I.'a lue is 

represented by two 3-bit bytes (range::: 32767, with negatives in two's-complement 

form). :VI is determined by the telescope operations pr ocedures. See Figure 3-15 (dl. 

8.2.2.5 Reseau-Position Data Sets 

There are .J: ph,'sical records, each of which is 1-100 bytes long. The data repre


sented are the precise locations of reseaLLX output from the program F:\DRES. 
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A data set for camera n (n = 1, 2, 3, or 4) has blanks in all records except the 

nth, which contains the line and sample coordinates, in pairs of real numbers 

for each reseau mark, beginning at the upper left of the camera faceplate and 

proceeding left to right by rows. Each coordinate is written as a positive full 

word (4-byte) floating point number (Rd). Since each line and sample coordi

nate pair thus occupies 8 bytes the number of bytes containing meaningful data 

in the nth record is 8 times the number of reseau marks identified; remaining 

bytes out to 1400 are zeroed out. See F:gure 8-15(e) where a camera 3 (SWP) 

reseau set is illustrated, assuming a total of N reseau marks are identified. 

8.2.2.6 Extracted Spectra 

The number of records depends on whi.ch ~jpe of extracted spectrum is in

volved: (1) low dispersion spatially resolved spectrum, (2) low dispersion 

merged spectrum, or (3) high dispersion merged spectrum. The details for 

each 	case are given separately below, but there are also several elements 

common to all three: 

1. 	 All records are 1204 bytes long. .-\s each entry is a two-byte or 

16-bit halfword integer (range::: 327 67 , \v ith negati ves in two's 

complement form), there are 602 entries per record. The first 

entry (halfword) of each record is a record sequence number ; 

the second entry is a count of the number of fil led entr ies for that 

record. 

2, 	 The first record is a scale-factor record containing data pert inent 

to all 	following records. The contents of and explanation for this 

record are given in Tab Ie 8-6, 

3, 	 The remai.ning records containing the actual spectral data are 

arranged in groups. There is one group for e\'ery order (or pseudo-

order in the case of low di.spersion spatially-resolved s pec~ra). 
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0H- BYTeS "l.£ROfO our) 

oj /"')Y lf Byf£ eYrE 8YTE 8'1/T BYtE !3yTE 5YTE I Byrr 13'1W 
..... 1 ~~:~1 2 3 ,,/ 5" C, 7 'i) • " -, ?, N <g"_JI i 

I j 
REeoY? D 2. 

(Jj 

t 
W 
m 

(IILL BYTES lEI?<JED 

I BY rc 
, 1
I 

i"VT,
I 2. 

I BYT, 
, 3 

I 

I BYTe 
Ii

I 
I eYr" 1By", I BYiE 

.; (, 7 
-

fWTf 
'lS 

I I B'ITi' 
, .... 'C,N

olt t·. I 

B'/r~ 

SIV'l .:tc. 

i?,y-;E 
Il/uC)RECCKU 3 

( C,o-',I£ RII .3 A'e ;.ctiv-<) , t~-- ---~--~----''--- - -- - y-- -- -------' '--------.... -~--
LIIJE. ceo( RD INrl TE (K" 'I} $r'\I\IPd: CocRDINI1TE ((N4) LAS T f?,'fTE Z IOR0E"i)

FILl-fO F()KNI(. RfSf1\L~ MrlR t< NO. 1. Fel? RE~'-A Lt iYltiKt NO_ i ouT 
tV RfSCtlL\ (llM~I<'> 

rBYfE I&Yre 8 yr£ IBY.TE 1 6,/IE I e'tT£: B'lTr= ByTE B'If~ B'IT~ I I /3'-171= 
R[CO~D If l i I 2 _~_ ~ ! &> 7 '6 · .. ·1 '6"; '6N t11- ... I I<fU\) I

I 

(ALL P;HC':- --lEI{C'ED OUT) 

Fig-ure 8-15 (e). Data l{ec;ord Strudures 
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4. 	 Within each group, the first record contains the ,:>caled ,\lave lengths 

L. for 	each point extracted within that order. The second reco"rd 
-1 

contains the data quality flag E. for each point. The third record 
1 

contains the scaled fluxes 1. for each point in the first soectrum-------1 ' 
extracted for that order . If more spectra for that order are being 

merged (example: the background, net, and calibrated net spectra 

may be merged with the gross spectrum), there ~ s one additional 

record of scaled fl \.L'< pOints for each spectrum merged. 

:J. 	 The scaling operations needed to convert the scaled flux and wave

length entries to their true floating-point values are as follows: 

(8 -1) 

th
where 	F. = floating point f11.L'{ for i point (in F~), I, = the corres

1 	 1 

ponding integer fl\.Lx, and J and K are scaling constants pertinent to 

all orders of that particular spectrum (i. e., gross, background, or 

net, etc.). J and K are contained within the scale-factor record: 

see Table 8-6. 

(8-2) 

where 	A. = true wavele!1gth of ith point (in .\-), L. = scaled integer 
1 t I 	 ., L 

wavelength for i n point, C\lT = 0.002 .-\ for high disoers ion and 
, 

0.2 A for low dispers ion , and '\ 0 is an order-dependent offset \Vave

length given for each order in the sC3ie factor record. If high dis

perSion, AC is largest integer value less than or equal to actual 

wave length of firs t data point in that order: if low dis per s ion, 

AO = O. 

Figures 3-1 6 through .3-1.3 describe the data record str~lcture for the three file 

types referred to above. 
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Table 8-6. Scale Factor Record (First Data Record in Extracted-Spectrum File) 

Halfword no. 

1 


2 


3 


4 


5 


6 


7 


8 


9-20 


21 


22 


23 


24 


25-28 


29-56 

57-102 

103-(102 ' NORDER) 

(103 -i- ~ORDER)-202 

203- (202 - )iORDER) 

(203 -'- ~ORDER )- 30 2 

303-(302 - ::JORDER) 

(303 - ~ORDER)-602 

Contents 

Record cOW1t ( == 0 for this record) 

Data entry count ( == 600 for this record) 
o 

A . 
mm 

(nearest A) of whole spectrum 
o 

A (nearest A) of whole spectrum
max 

NORDER, the number of orders (or pseudo-orders) 

present 


Camera number 


Image number 


Number of records per group (i, e., per order) 


Spare (zero filled) 


I . 
mm 

I 
m~'C for first extracted spectrum 

J 

K 

(l 	 . , I ,J, K) for second extracted spectrum, if 
m m (l m 8...>:: " . 11 dany. 1 none, zero [l e .) 


Sets of (l . ,I ,J. K) for additional spectra, if 

nuo m8...'-: ' 

present. (It none , zero filled. ) 


Spare (zero filled) 


A (offset wavelength) for each order (or pseudo-order)
o 
present. 


Spare (zero filled) 


~r (order Dumber) for eac h order (or pseudo-or de r ) 

present. 


Spare (zero filled) 


:--Jumber of extracted points in each order pr pseudo

order) present. 


Spare (zero filled) 
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... 1204 8YTES .., 

I t 1· I 
't1f\LFl\J()~D I HIIl,tWCRO HALFWCI:O I HfltFWO(J) 'HAtFlIJ(t'O 'HlltFIAiG{:V , Hf'll F\tJul?O 

l 2, 3 ~ I 5 I b {;,01

REeoeo L [ - 0 :L}00 I. >. ('n,n A ""~" (A~l. /J~. >,'11'10£ "'" 1 ",h'" • • 0 I SUlle: RECORf) 

Kf(O~D 2 i I ,1)0, Pu'lJr~ 1 L, L > ~ L ~ L -I ,t, . 0 I 5(1'0(.£0 ).'~ 

.~ RECORP 3 r=2 he POOlrsl e, t, t·. t -I I .{c.' () E'.' 

~"€, I?fCCRO '-I r==3 IN l'u/iJ/S J T, 11. l--J T i ~ .(, -'_'_', Q ScrlLED r:u/)(,f'S1 
Rrco(o ~ 'I f){), tl'II:,S I L, Ll. I L~ L1 .t( , • . . 0 ISCALEO A's 

.r-
\;,{ 
IU ~ fCuRO G I S NO "c"/~ E, t.~ C~ f~ I·k.,·· Q t-', 

..~ 
\1.) 

I 
"'1 r.fC6CD 7 L G NU I'U";/} I T, T 't -:=1 T, -y ~ I .~L ~ I <;C rllfD HVllfS 

W 
~ 

.; J)?[lO~D lb~ Lr to, 3 I No PoIMf 1 L, I' Ll. L." ~ I of< 0 ISUiLED ,,'s 

[:: RflOtlDlbS LifcJ I Nc'PC!I1 i5 1 t;, I G.. <::1 t"/ I"k () 1 t:;-'s 

c. ""' l
~c) RC(O;(D If,b Lj~L!":::!CI" '/~1 1, I h ~, 1'1 l.etc Q i ~C:ALED FLVX.£S 

)..io·rt. • TitE 55 P$EllDOOP-DERS I1I(E "O/~DU~S." 7'!,-127 rIERE. r:flCiI IS ONE SCAN, 

• WITIIIN !:/1UI "ORDU!' filE Li fi J, (f;J,I)OINTS REFEI~ TO DATA FORTMT "ORDEI2',
J J I ) 

• wI7/ I /N /:/\(/1 "O/-:OE':;" THE (O/N?E<:'t'Ct':£>/N(;- Li. C.. Ii. J//ILVE~ fj/~E FOVAJ() 1/\/ THE 5n~lE. 
J I I ~ 

WI/.F !NORD OF SUCC ES2./l/c f.?t=l'O!:: PS, 

Figur'c 8-JG. Data n.c(;onl Structure for Spatially Hesolved Low Dispe:I'Sion Spectrum 



~---------------------- 1204 gYTES ~ 

: Hf\l-Fwo~D: HALFWCI{D: HAL F\Iv(''::O : Ht-IL FVvO~'D )iALFI,.\iCKD : HflLFwOh'D: : HALAvOQ D 
. 1 2 3' L1 , S , (, . . 002

RE(OKD 1 () 600 ).,"",,, ~"'M<__l~ i\M. ~C'. I ]1\1/161: ~ . de ... . . . ~CMlE Rfl:OI?D 

RE(o~v ). i I NO . PO/Nr~J L, l, L) L./ de .. .. .. $(ALED A'$ 

RE(O~D 3 I 2 -.J NO ".'/Ai15 I t,-- -' l--T~--_r__ t · , c~1 de E's 

f<ECORD 4 J (~-c~---r-~~--:--·.-. : -I SCALED GROSS 
,:.; 
I 

o 
H-

RfCOR!) 5 C~_I---r3o. I'L\/I..'TS'l---=-~~~] ___~ I 13~ ,,+-c SUUED BI<61> 

RECORD ~ r=S I IJU. ~CI.'3: l-=. N~__ __ tv'- _J~--~' , N~ (Ie SCALED Nfl 

RECOKD 7 '=' NC p.C/l·'~T----A- , I_ l' ~~ ~ l Al A'j I! Ie .-. , . SCALED f\Bl.iH 

Ltl,NOTE 0. . S(,\ L£D 61:c'S<;' 'FLV'/..
L 

Bl 
Lih S(flLf() ISM ¥G I.'QV': 0 FLUX. ( BKGD) 

tv· ::=- i~~ SCALED NO FLUX 
l 

A·l = i. +~ SCALE!) Af.,SOltrrEL'I ('ilLlBRAffD /JET FLU'/.. (Af~A:fT) 

Fig'ure t)-17. Data H.ecord Structure for Merged Low Dispersion S'pectra 



I 
I .... 
I'll( 1204 B'tTf5 ~: 
I , , 

'r'A\..f\.AJ~O : MAlFwC'IZO ;,-II'tLFWC/1D ,'rfl\lFwct!O 'HAlFWCRD 'HALfWORD 	 HALFWC'fP: 
f 	 I I I I 

'1 :L 3 4 5 (, (,02

Ri:CoRO o (;,(' 0 A_,. )..M" (",~\. /'.Ie. r .. "Gf"/\,c.!<t( .• '" a S(}ltE /{f(C4?!) 

I(fcc«o 	 .l. I NO. po,...:r, L, LI L~ Lv ~h. SOILED ~'s 

2>l~f(UP 2 1 NC ,'c".; i> t , elf ·1 f. • J t L E ' s 


RI'CU:D 'I l 3 IIJc. "'·,A;h Co, G 1 G. " (,,, <I, SCflLEf) C.((o>~ 


RHcf:[) 5 r -~c. r'co,;J<r=T, 12 j J I. .1, S<ALfD IIJrEI{OROf~


ij KUC~P t. >" JJC Pm'f~ 1 N, N, N1 !I)~ I~I' S(IILE() /,JET 

~,:CCKO 7 G ",J ,..v,Lls I 1\, A J A1 A ~ I.h SCA LED I1B~AltT 

U.J 
I 

,1
...... 

l~f(O/ID !?-'5" 	 L K- ,,--=r liL' I'C,d\ L, l, L 3 L~ [ .k SUUEO )..'~ 

C J.? ~ 'j lNG', f'L,"T> leE, f.~ t.~ Id( E'5~i ",",0 	,~" 
<:£ RECol1i) K-~ R - Y ~ NO ,\:, ... rs 1 G, G~ G 3 G<i! ~·rc SCALED GROSS 
Lu 
~ Rf(C~L> K-2 fI.-) /J~. ,?c,IJr> I T, '1, T, "J" I·de 	 S<AlEO IIJTEROi?DER 

() 
RfCC('i> R-l K·2 /;('. I>C"'/~] N. N). N, N'I I ..de 	 5(H~ E'i> fJrT,l KEC('~D R ~-1 0'0/", "0''';('1 {\, 111 I'l l A,/ I-.-A" 	 -~ ~(AlED f')BI~~Er 

i ~/.NorE 	 G· ~(A~E() (,(:U~ ~ FLV,( (IN ' ,'\(il GiveN fOIEuE uf?f)ER) 

I, i ' I, S(nt"O INIERr}/.:DfR rLV;<' (IN EAcH GI~·F..N ECrlELLf Of:DEI2)f G& (;wP)

M==-

-;z (t.ll..'~) Ni i,l, S(ALE!> NET FLUX ( IIJ E!H"t 6 IVEN U f''" 1I [ Oi;DEi? ) 


A, {,I, 	 S(flLEP fl,H<..'U' ·f[LY CAuBR.... TfD . KII',li: (CI:~)H;TFD NET f.-tUX A BR.AJfl 
( IN EACII 	 GIVEN EO/fue [;I/Dcf~)

( Sv.:(»
R -= [ :>'(,1 NC. 01' &-T;:110£[> DI\Trl PC/NTS (IN EMit ,;1";;1./ ,"<lIflLE OIU>ER)NO. tlOJlJTS 

3lt; ( LWI?) 

Fig"l.Il'C 8-1H. Data Hccord Stl'ucture fOl' Merged High Dispersion Spectra 



SECTION 9 - GvIAGE PROCESSING SYSTEl\1 MODIFICATIONS 

In this section are listed in chronological order the modifications to ICESI PS 

which have had an affect on the output products comprising the GO Data Package 

at GSFC. Table 9-1 lists the effective date of each modification along with a 

brief explanation of its nature. 
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Table 9-1. Chronology of Modification to IUESIPS Output 
Products (1 of 4) 

Date 

7 April 1978 

20 April 1978 

25 April 1978 

4 May 1978 

8 May 1978 

10 May 1978 

15 May 1978 

18 :Y[ay 1978 

22 lvIay 1978 

1 June 1978 

9 June 197 ·3 

16 	June 19';' S 

Modifica.tion 

• 	 Eliminate auto-scaling of net ripple-corrected 
CalComp plot (set FivIAX :: 105 ) 

• 	 Extend S\VP low dispersion extraction to 
A :: 2000 A 

o 

• 	 Change F :YL-\X to 2 x lOu for net ripple -corrected 
plot 

• 	 Add processing dates to CalComp plots 

• 	 Eliminate "CGT:'vrERGE " step from high disper
sion processing 

• 	 Eliminate plot of unsmoothed background in high 
dispersion 

• 	 Determine dispersion relations via new 
"WAVECAL2" (uses fractional pixel locations) 

• 	 Correct I-pixel error in "OSCRIBE" overlay pro
gram 

• 	 Use new averaged ITFs (contains SWP error; see 
7 July 1979) 

• 	 C'se "EXTLO\V" for low dispersion extraction in
stead of "CO\IP.\RE" 

• 	 Accomplish registration by shifting dispersion 
constants ins tea d of image 

• 	 Correct 2-pixel erro r in reseau flagging 

• 	 Flag "saturated pixels" (D:\ =: 255) in plots I and 
change to plotting without lifting pen 

• 	 Improve c-eseau flagging in smoothed spectra 

• 	 L"se reseatL'C measured on 10\V dispers ion image 
for both low and high dispersion wavelength cali 
b rations !SVFP) 

• 	 De lete 55-line Lmage segment from phocowrites 

(l0\\' dispersion ) 
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Table 9-1. Chronology of :'Iodification to IL"ESIPS Output 
Products (2 of 4) 

Date 

20 June 1978 

1 July 1978 

6 July 1978 

1 August 1978 

4: August 1978 

8 August 197 8 

9 August 1978 

15 AUg'.lst 19';'3 

17 	 August 1975 

9 September 19';'3 

::Vlodification 

• 	 Prod uce one doubly-oscribed photowrite image 
for the double - aperture case, instead of 2 singly
oscribed images 

• 	 Change LWR hig~ dispers ion oscribe overlay to 
pass through order 33 (~lgII 2795, 2803) 

• 	 Use reseaux measured on low dispersion image 
for both low and high dispersion wavelength cali 
brations (L \I/R) 

• 	 Create all oscribes on "GEO:\I'D" images (not 
photometrically corrected images) 

• 	 Change L \VR ripple parameters to K = 231,150 
A = 0.09 instead of K = 231,300 A = 0.08 

• 	 Create "e:-..-tendecl source" reduction capability in 
low dispersion (HT ::: 15, DIST = 11) 

• 	 Change ICEP LOT to s treamline x-axis and plot 
key to symbols used 

• 	 Correct bug in "ETOL\I" to transmit image r'.um 
ber to extracted spectrum files 

• 	 Begin using improved low dispersion \\' a\-elength 
calibration line libraries 

• 	 Change standard L \VR pixel offsets to trans fer 
dispersion relations from small-to-large aper 
ture as follo\l/s: 
~ = -17 . .) samPles] .:2I.S 	 = -21. 1 samp les 

\ T 	 - , 19 - 1- replaces L I 
'-.U.. 	 - - • -J tnes ~ 	 = -:2-5.1 ines 

• 	 For "extended source' - r eduction , change min and 

max plotted fluxes for "log ne: -' to 3.0 ane 6.0 

(replacing :2.0 and 5.0) 


• 	 Begin using automatic order-finding soft\\.3re 

(DSPC O:\) , \\'here possible, to deter!it~ne therma 1 

registrat ion 
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Table 9-1. Chronology of iVIodification to IUESIPS Output 
Products (3 of ':1:) 

Date Modification 

25 September 197 8 

9 November 197 8 

10 December 1978 

13 	December 1978 

19 December 1978 

3 January 1979 

30 	March 1979 

5 .-\pril 1979 

25 	:Vlay 1979 

2 June 1979 

8 June 1979 

15 	June 19 "19 

• 	 Move background location to "DIST = 11" for low 
dispersion "po int-source" reductions in large 
aperture (e, g., suppress geocoronal LY'(J() 

• 	 2 A/inch high dispersion CalComp eliminated 
except by special authorization 

• 	 Photometrically correct only a circular region 
of image ("FICOR5") in S\VP high and low dis
persion, LWR low dispersion 

• 	 Change "EXTLOW" to write "omega", 'bback", 
"distance", and (in the case of auto registration) 
the line & samp 1e shift values into the labels of 
extracted spectra 

• 	 Change "DATEXTH2" to write line & sample 
shifts into label in auto registration case 

• 	 Eliminate processing of order 65 in SVlP high 
dispersion 

• 	 Photometrically correct only a circular region 
of image ("FrCOR 5 ") in L \VR high dispersion 
(FICOR 5 now used throughout ) 

• 	 10 X/ inch high dispersion CalComp eliminated 
in cases where 2 .-\/inch plot is authorized 

• 	 Correctly enter line &: sa.mple shifts into label 
for the case of :'vL-\Nl:.-\L regi stration 

• 	 Suppress excess label-plotti ng on CalC omp plots 

• 	 .-\dd plotter regi stration benchmark symbo ts at 

start and end of each plot 


• 	 .-\dd tape contents summary log at end of G. 0, 

tape labelprints 


• 	 Correct error in integer-scaling routine l"ITOE ") 
for extracted-spectrum fi les, so that all negatL\'e 
fluxe.::; 3.re converted properly 

• 	 Create "extended source" reduction capabi lity in 

high dispe rsion (HT = 7) 
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Table 9-1. 

Date 

19 June 1979 

30 June 1979 

2 July 1979 

7 July 1979 

8 July 1979 

27 	July 1979 

6 August 1979 

28 	September 19,9 

30 	October 1979 

Chronology of rvlodification to IliESIPS Output 
Products (4 of 4) 

iVIodification 

• 	 Eliminate redundant tape files in the case of cali 
bration-image reduction 

• 	 Begin plotting high dispersion net ripple-corrected 
spectra with >'CUT::YIERGE" to suppress noise at 
ends of orders and allow auto-scaling of flu.x axis 
(applies ONLY to CalComp plots; G. O. tapes 
unchanged)' 

• 	 Begin writing identifying header file on G.O. tapes 
(for data management accounting purposes) 

• 	 Correct error in SWP ITF 

• 	 Change 6S and ~ pixel offsets for large aperture 
dispersion relations to correspond to actual object 
placement point. (see ICE NEWSLETTER ~o. 5) 

• 	 Begin use of new CalComp plotter hardware. 
Plots are more precise and on wider paper, but 
still 10-inch full scale grid 

• 	 Change ~s and ~ pixel offsets for large aperture 
dispersion relations to correspond to physical 
center of large aperture. (In coordination with 
telescope operations change, so that offsets still 
correspond to object placement. Change refers to 
to all data acqui red as of 1 AUgus t 1979. See Il"E 
NE\VSLETTER No.5) 

• 	 :\Iodify the program "OSCRIBE" to generate over
lay more efficiently and suppcess overlay entirely 
outs ide of tube face . 

• 	 Begin use of mean dispersion constants for low 
dispersion spectra . See IL"E :\"ewsLetter \"0. 7. 
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