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GOME-2 and IASI collocation 
 
 
Background 
 
The GOME community would like to perform retrievals of ozone and/or trace gases simultaneously 
from IASI and GOME-2. Archived IASI and GOME-2 level 1B files, in native EPS format, are 
available but there is no readily-available method for collocating the two instruments. Noting that 
AAPP performs collocations for AMSU-to-IASI and AMSU-to-HIRS, this report discusses the issues 
for collocating IASI and GOME-2. 
 
Scan characteristics 
 
The scan characteristics of the two instruments are compared in the following table: 
 

 Spots per scan Scan time (sec) Time per spot 
(sec) 

Forward scan 
viewing time 

(sec) 
IASI 30×4 8 0.216 6.48 

GOME-2 24 6 0.1875 4.5 
 
GOME-2 actually performs a slow forward scan and a rapid reverse scan, but we ignore the reverse 
scan. Also, some GOME-2 channels use longer integration times. IASI views 4 detectors 
simultaneously at each of the 30 scan positions. The scan directions are the same for the two 
instruments (left to right facing in the direction of satellite motion). 
 
A major difference between the two instruments is that the scan speed for GOME-2 is not uniform 
with scan angle: it scans slower at the edges of the swath in order to give constant sampling distance 
on the earth’s surface – approximately 80km. The along-track distance is 40km. Also, the direction of 
the GOME scan can be tilted in order to allow the instrument to view the polar regions. 
 
The size of the IASI spots is 6km at nadir. 
 
It is not clear from the documentation whether the GOME scan cycle is synchronised to the 8 second 
cycle of IASI, AMSU and MHS. Therefore some data samples were examined in order to try to 
establish this. 
 
Reading the data 
 
Data were obtained from the UMARF – level 1B GOME and 1C IASI in Native format. To avoid 
large files a time subset of about 8 minutes was used.1 
 
EUMETSAT provide IDL readers for the EPS formats: see www.eumetsat.int Home -> Access to 
Data -> User Support -> Useful Programs & Tools. 
 
Code for extracting the geolocation data from IASI and GOME files is shown at Appendix 1.  
 
In Appendix 1, the entire dataset is read into memory in the “read_eps” call. If computer memory is 
an issue it is possible to store only the fields that are of interest (see EPS Product Reader User 
Manual). 
                                                 
1 The subsettting process revealed a bug in the UMARF, in which the ASCII portion of the Generic Record 
Header was incorrectly formatted; a temporary fix was implemented. EUMETSAT subsequently fixed the bug. 
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Geolocation comparison 
 
Figure 1 plots IASI spots on top of the GOME fields of view (FOV), as defined by the ‘corner’ 
latitude/longitude values in the GOME 1B file. We see that the number of IASI spots present within a 
GOME FOV is typically 4, but can be as large as 8 (near the centre of the scan) or as small as 2 (near 
the edge – e.g. FOV 3). Note the overlap of the GOME FOVs near the edges of the scan in the along-
track direction – because of the increased distance from satellite to earth. 
 

 
 
Figure 1: IASI spots (red) plotted on top of GOME fields of view (grey chequerboard pattern) over the 
Mediterranean. Regions where the GOME FOVS overlap are shown in a darker shade. 
 
Figure 2 plots the time differences between each GOME scan (first spot) and the nearest IASI scan 
(first spot). As anticipated there is a 4-scan line (24 second) cycle. Expanding on the lowest point in 
the plot, there is some evidence of a drift.  
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Figure 2: Time differences between each GOME scan (first spot) and the nearest IASI scan (first spot) 
 
Further data samples were examined: 

• The full orbit corresponding to Figure 2 showed a maximum GOME-AMSU time difference 
variability of 15ms (noting that IASI and AMSU are known to be synchronised) 

• However, looking at a portion of data from the following day, the GOME-IASI time 
difference had shifted by 150ms. 

 
We conclude that there is no strong evidence that the GOME and IASI scan cycles are synchronised. 
Even if they were, we would still have to identify the position within the 24 second cycle of each 
GOME scan. Therefore it is safest not to rely on scan synchronisation. 
 
Implications for re-mapping 
 
The AAPP mapping routine (LUTMAP) is unsuitable for use with GOME for several reasons: 

• Apparent lack of synchronisation of GOME and IASI scan cycles 
• GOME scan is not uniform with scan angle 
• GOME has alternative viewing angle offsets (e.g. polar viewing mode) 
• Adding a GOME data format reader to AAPP would be difficult 

 
Therefore a standalone program is preferred, with the re-mapping parameters computed at run time 
for the particular files being analysed. 
 
One decision that needs to be made by the user is whether to use the “nearest neighbour” IASI spot 
for each GOME FOV or whether to average spectra for more than one spot – potentially up to 8 spots 
(see Figure 1). In either case, IASI spots flagged as bad quality (based on GQisFlagQual) should be 
excluded. 
 
To select matching IASI spots, three approaches could be considered: 

1. Use latitude and longitude values. In the case of GOME this could either be the centre co-
ordinates of the FOV (used to plot Figure 1) or (better) the co-ordinates of the four corners. 

2. Use scan angle and time. This is the method used in AAPP. 
3. Use time (and possibly scan angle) for a coarse estimate, then use latitude and longitude to 

refine the collocation. 



12th October 2009 Page 4 of 9 Author: N C Atkinson 

 
Method 3 appears the most promising: use the mid-scan times to identify a pair of IASI scan lines 
which could potentially map onto each GOME scan (as in Figure 2). Then for each GOME FOV use 
the lat/lon values to determine the collocated IASI spots. It is prudent to convert lat/lon to x/y/z co-
ordinates in order to avoid problems at the poles and at 180° longitude. 
 
The best way of handling the data will depend to a large extent on the way that the data are to be 
presented to the level 2 processing suite. For example: 

• We could produce a collocation file containing the IASI scan line and spot numbers to be 
used for each GOME scan. Then the level 2 suite would need to read in the original IASI and 
GOME 1B files together with the collocation file. 

• We could instead save the IASI spectra themselves in an output file, possibly together with 
the necessary information extracted from the GOME file. 

 
Software demonstration 
 
The procedure collocate_gome_iasi.pro, together with its associated utility subroutines, is shown in 
Appendix B. The procedure generates a collocation look-up table for IASI mapped to GOME, using 
method 3 of the previous section. The output file contains, for each GOME FOV, a list of the IASI 
spots that are collocated, together with the distance of each from the centre of the GOME FOV. For 
example: 
 
   0   0   4        GOME_FOV  GOME_line  Number_of_collocations 
2, 1, 7   6. 6     IASI_detector,IASI_spot,IASI_line  Distance(km) 
3, 1, 8  28. 9 
1, 1, 7  56. 7 
0, 1, 8  63. 4 
   1   0   4 
2, 2, 7  45. 7 
1, 1, 7  48. 5 
3, 2, 8  54. 6 
0, 1, 8  55. 3 
   2   0   2 
1, 2, 7  13. 3 
0, 2, 8  30. 6 
 
The collocations are ordered in increasing distance from the GOME FOV centre, so the user is able to 
limit the number of IASI spectra to be used. An IASI spot is only included if it falls within the 
boundary of the GOME FOV, as defined by the co-ordinates of the four corners. 
 
In terms of computer time the largest single operation is the reading in of the GOME file. On a Met 
Office Linux PC it takes about 100 seconds to ingest a full-orbit (950Mb) GOME level 1b file using 
the “ReadProduct” method described in the EPS Product Reader User Manual. It is possible that the 
“ReadField” method might be quicker, as it does not store the whole product in memory, but it is not 
obvious from the manual how this method should be used for GOME as the data structures for GOME 
are more complicated than those in the AVHRR illustration. It would probably be necessary to seek 
the advice of EUMETSAT. The time taken to compute the collocations and write the output file to 
disk is of the order 10% of the time to read in the 1B files. 
 
Conclusion 
 
The scan characteristics of GOME-2 and IASI have been compared and prototype software 
demonstrated for collocating them. 
 
The GOME users are invited to provide feedback on the extent to which this meets their requirements.
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Appendix A: IDL readers for GOME and IASI 
 
pr o r ead_eps_gome, i nf i l e, t i mes, angl es, cent r e_l at s, cent r e_l ons, cor ner _l at s, cor ner _l ons 
 
  pr od = r ead_eps( i nf i l e, / PRODUCT)  
  pr od- >Get Pr oper t y, MDR6=mdr 6 
   
  nscans = n_el ement s( * mdr 6)  
   
; The f or mat  cont ai ns 32 pi xel s per  scan but  we ar e onl y i nt er est ed i n t he  
; f or war d scan,  poi nt s 1 t o 24 
 
  t i mes = l onar r ( 24, nscans)           ; mi l l i seconds 
  angl es = dbl ar r ( 24, nscans)          ; degr ees 
  cent r e_l at s = dbl ar r ( 24, nscans)     ; degr ees 
  cent r e_l ons = dbl ar r ( 24, nscans)     ; degr ees 
  cor ner _l at s = dbl ar r ( 24, 4, nscans)   ; degr ees 
  cor ner _l ons = dbl ar r ( 24, 4, nscans)   ; degr ees 
   
  f or  i scan=0, nscans- 1 do begi n 
    mdr st r uct  = * ( ( * mdr 6) ( i scan) )  
    t i mes( * , i scan)  = ( mdr st r uct . geo_basi c. ut c_t i me. t i me) ( 1: 24)  
     
; Not e t hat  i ndex 1 ( of  6)  seems t o be t he one we ar e i nt er est ed i n.  
 
    angl es( * , i scan)  = $ 
      1D- 6* ( mdr st r uct . geo_ear t h_act ual . scanner _angl e_act ual ) ( 1: 24, 1)  
    cent r e_l at s( * , i scan)  = $ 
      1D- 6* ( mdr st r uct . geo_ear t h_act ual . cent r e_act ual . l at i t ude) ( 1: 24, 1)  
    cent r e_l ons( * , i scan)  = $ 
      1D- 6* ( mdr st r uct . geo_ear t h_act ual . cent r e_act ual . l ongi t ude) ( 1: 24, 1)  
    cor ner _l at s( * , * , i scan)  = $ 
      1D- 6* ( mdr st r uct . geo_ear t h_act ual . cor ner _act ual . l at i t ude) ( 1: 24, * , 1)  
    cor ner _l ons( * , * , i scan)  = $ 
      1D- 6* ( mdr st r uct . geo_ear t h_act ual . cor ner _act ual . l ongi t ude) ( 1: 24, * , 1)  
  endf or  
 
  obj _dest r oy, pr od 
end 
 
pr o r ead_eps_i asi , i nf i l e, t i mes, angl es, l at s, l ons, qual s 
 
  pr od = r ead_eps( i nf i l e, / PRODUCT)  
  pr od- >Get Pr oper t y, MDR=mdr  
     
  nscans = n_el ement s( * mdr )  
   
  t i mes = l onar r ( 30, nscans)         ; mi l l i seconds 
  angl es = dbl ar r ( 30, nscans)        ; degr ees 
  l at s = dbl ar r ( 4, 30, nscans)   ; degr ees 
  l ons = dbl ar r ( 4, 30, nscans)   ; degr ees 
  qual s = byt ar r ( 4, 30, nscans)  
   
  f or  i scan=0, nscans- 1 do begi n 
    mdr st r uct  = * ( ( * mdr ) ( i scan) )  
 
    st ar t _t i me = mdr st r uct . gr h. r ecor d_st ar t _t i me. t i me 
    t i mes( * , i scan)  = st ar t _t i me + i ndgen( 30) * 216. 0       ; 216. 0ms per  FOV    
    angl es( * , i scan)  = ( i ndgen( 30) - 14. 5) * 3. 333333         ; f i xed scan angl es 
 
    l at s( * , * , i scan)  = 1D- 6* r ef or m( ( mdr st r uct . GGEOSONDLOC) ( 1, * , * ) )  
    l ons( * , * , i scan)  = 1D- 6* r ef or m( ( mdr st r uct . GGEOSONDLOC) ( 0, * , * ) )  
    qual s( * , * , i scan)  = mdr st r uct . GQI SFLAGQUAL 
  endf or  
  obj _dest r oy, pr od 
 
end 
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Appendix B: Collocation software and utilities 
 
f unct i on i nsi de_quadr i l at er al , xp, yp, zp, x, y, z 
 
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;  
;  See whet her  a poi nt  ( or  poi nt s)  xp,  yp,  zp l i es wi t hi n a quadr i l at er al  ABCD:  
;  
;       A  C 
;       B  D  
;  
;  I nput  ar gument  x = [ xA, xB, xC, xD] ,  s i mi l ar l y f or  y,  z.  
;  
;  Ret ur ns 1 i f  t he poi nt  i s  wi t hi n t he ar ea of  t he quadr i l at er al ,  ot her wi se 0 
;  
;  07/ 10/ 2009 NCA 
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;  
 
npoi nt s = n_el ement s( xp)  
 
i f  npoi nt s gt  1 t hen r esul t =i nt ar r ( npoi nt s)  el se r esul t =0 
 
BA = [ x( 1) - x( 0) , y( 1) - y( 0) , z( 1) - z( 0) ]  
DC = [ x( 3) - x( 2) , y( 3) - y( 2) , z( 3) - z( 2) ]  
CA = [ x( 2) - x( 0) , y( 2) - y( 0) , z( 2) - z( 0) ]  
DB = [ x( 3) - x( 1) , y( 3) - y( 1) , z( 3) - z( 1) ]  
   
f or  i =0, npoi nt s- 1 do begi n 
 
  pA = [ xp( i ) - x( 0) , yp( i ) - y( 0) , zp( i ) - z( 0) ]  
  pC = [ xp( i ) - x( 2) , yp( i ) - y( 2) , zp( i ) - z( 2) ]  
 
  pr od1 = cr ossp( pA, BA)  
  pr od2 = cr ossp( pC, DC)  
 
; The scal ar  pr oduct  of  pr od1 and pr od2 must  be <0 i f  poi nt  i s  bet ween t he l i nes.  
 
  i f  t ot al ( pr od1* pr od2)  l t  0 t hen begi n   ; r epeat  f or  t he ot her  pai r  of  l i nes 
    pB = [ xp( i ) - x( 1) , yp( i ) - y( 1) , zp( i ) - z( 1) ]  
    pr od3 = cr ossp( pA, CA)  
    pr od4 = cr ossp( pB, DB)  
    i f  t ot al ( pr od3* pr od4)  l t  0 t hen r esul t ( i )  = 1 
  endi f  
 
endf or  
 
r et ur n, r esul t  
 
end 
 
 
 
pr o l at l on_t o_xyz, l at , l on, x, y, z 
 
  d2r  = ! pi / 180 
 
  x = cos( l on* d2r ) * cos( l at * d2r )  
  y = s i n( l on* d2r ) * cos( l at * d2r )  
  z = s i n( l at * d2r )  
 
end 



12th October 2009 Page 7 of 9 Author: N C Atkinson 

; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
;  col l ocat e_gome. pr o 
;  
;  DESCRI PTI ON 
;     I DL pr ocedur e t o cr eat e a GOME- I ASI  col l ocat i on i ndex f i l e.  For mat  of  
;     out put  f i l e i s as f ol l ows:  
;        GOME_spot  GOME_scan Number _of _col l ocat i ons 
;        I ASI _det ect or , I ASI _spot , I ASI _scan  Di st ance_f r om cent r e( km)  
;            [ r epeat  above f or  each col l ocat i on]  
;  
;     wher e t he spot  and scan number s st ar t  at  0 
;  
;  Ext er nal  pr ocedur es:  
;     r ead_eps_i asi  ( uses EUMETSAT- suppl i ed EPS r eader s)  
;     r ead_eps_gome 
;     l at l on_t o_xyz 
;     i nsi de_quadr i l at er al  
;  
;  COPYRI GHT 
;     Thi s sof t war e was devel oped wi t hi n t he cont ext  of  t he EUMETSAT Sat el l i t e 
;     Appl i cat i on Faci l i t y  on Numer i cal  Weat her  Pr edi ct i on ( NWP SAF) ,  under  t he 
;     Cooper at i on Agr eement  dat ed 16 December  2003,  bet ween EUMETSAT and t he 
;     Met  Of f i ce,  UK,  by one or  mor e par t ner s wi t hi n t he NWP SAF.  The par t ner s 
;     i n t he NWP SAF ar e t he Met  Of f i ce,  ECMWF,  KNMI  and Met eoFr ance.  
;  
;     Copyr i ght  2009,  EUMETSAT,  Al l  Ri ght s Reser ved.  
;  
;  Hi st or y:  
;  Ver si on  Dat e       Comment  
;  
;   1. 0    07/ 10/ 2009  Or i gi nal  code ( Ni gel  At k i nson)  
;  
; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
pr o col l ocat e_gome_i asi , gf i l e, i f i l e, col l ocf i l e, di agnost i cs=di agnost i cs 
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; Read i n t he GOME and I ASI  dat a i n EPS f or mat  
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
pr i nt , ' r eadi ng ' , i f i l e 
r ead_eps_i asi , i f i l e, i t i mes, i angl es, i l at s, i l ons, qual s 
pr i nt , ' r eadi ng ' , gf i l e 
r ead_eps_gome, gf i l e, gt i mes, gangl es, gl at s, gl ons, cor ner l at s, cor ner l ons 
 
pr i nt , ' pr ocessi ng . . . '  
openw, 1, col l ocf i l e 
 
i spot s = n_el ement s( i t i mes( * , 0) )  
gspot s = n_el ement s( gt i mes( * , 0) )  
 
i 0 = r ef or m( i t i mes( i spot s/ 2, * ) )       ; t i me of  cent r e spot  
g0 = r ef or m( gt i mes( gspot s/ 2, * ) )  
 
i scans = n_el ement s( i 0)  
gscans = n_el ement s( g0)  
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; For  each GOME scan,  f i nd t he t wo I ASI  scans t hat  ar e near est  i n t i me.  
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
near est I ASI  = i nt ar r ( 2, gscans)  
 
f or  gscan=0, gscans- 1 do begi n 
  t mi n = mi n( abs( g0( gscan) - i 0) ,  mi npos)  
  near est I ASI ( 0, gscan)  = mi npos 
  i 1 = i 0 
  i 1( mi npos)  = 86500000L   ; di scar d i t  
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  t mi n = mi n( abs( g0( gscan) - i 1) ,  mi npos)  
  near est I ASI ( 1, gscan)  = mi npos 
endf or  
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; Conver t  l at / l on t o xyz 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
l at l on_t o_xyz, i l at s, i l ons, i x, i y, i z 
l at l on_t o_xyz, gl at s, gl ons, gx, gy, gz 
l at l on_t o_xyz, cor ner l at s, cor ner l ons, cx, cy, cz 
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; Cr eat e ar r ays t o hol d t he I ASI  l i ne/ spot / det ect or  number s 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
i spot num = i nt ar r ( 4, 30, 2)  
i l i nenum = i nt ar r ( 4, 30, 2)  
i det num = i nt ar r ( 4, 30, 2)  
f or  i det =0, 3 do f or  i =0, 1 do i spot num( i det , * , i )  = i ndgen( 30)  
f or  i spot =0, 29 do f or  i =0, 1 do i det num( * , i spot , i )  = i ndgen( 4)  
 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; For  each GOME spot  f i nd whi ch I ASI  spot s ar e col l ocat ed.  I ni t i al l y  l ook at  al l  
; I ASI  spot s i n t he candi dat e scan l i nes.  Coul d be made mor e ef f i c i ent  i f  
; necessar y by usi ng t he scan angl es.  Look at  t he qual i t y f l ag al so.  
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
f or  gscan=0, gscans- 1 do begi n 
 
  i f  keywor d_set ( di agnost i cs)  t hen begi n 
    i f  gscan eq 0 t hen begi n       ; pl ot  out  t he f i r st  scan 
      pl ot , [ 0] , / nodat a, xr =[ mi n( cor ner l ons( * , * , 0) ) , max( cor ner l ons( * , * , 0) ) ] , $ 
        yr =[ mi n( cor ner l at s( * , * , 0) ) , max( cor ner l at s( * , * , 0) ) ]  
      f or  gspot =0, gspot s- 1 do begi n 
        opl ot , cor ner l ons( gspot , [ 0, 1, 3, 2, 0] , 0) , cor ner l at s( gspot , [ 0, 1, 3, 2, 0] , 0)  
      endf or  
    endi f  
  endi f  
   
  xp = i x( * , * , [ near est I ASI ( 0, gscan) , near est I ASI ( 1, gscan) ] )  ; r ange of  I ASI  spot s  
  yp = i y( * , * , [ near est I ASI ( 0, gscan) , near est I ASI ( 1, gscan) ] )  
  zp = i z( * , * , [ near est I ASI ( 0, gscan) , near est I ASI ( 1, gscan) ] )  
  qp = qual s( * , * , [ near est I ASI ( 0, gscan) , near est I ASI ( 1, gscan) ] )  
 
  i l i nenum( * , * , 0)  = near est I ASI ( 0, gscan)  
  i l i nenum( * , * , 1)  = near est I ASI ( 1, gscan)  
     
  f or  gspot =0, gspot s- 1 do begi n 
    x = r ef or m( cx( gspot , * , gscan) )    ; co- or di nat es of  GOME cor ner s 
    y = r ef or m( cy( gspot , * , gscan) )  
    z = r ef or m( cz( gspot , * , gscan) )  
 
    i nsi de = i nsi de_quadr i l at er al ( xp, yp, zp, x, y, z)  
     
    pos = wher e( i nsi de gt  0 and qp eq 0,  num_col l ocs)  
     
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; or der  t he col l ocat i ons accor di ng t o t he di st ance f r om t he cent r e of  t he FOV 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
    i f  num_col l ocs gt  0 t hen begi n 
      di st _km = 8461. 0 *  sqr t ( ( xp( pos) - gx( gspot , gscan) ) ^2 + $ 
                              ( yp( pos) - gy( gspot , gscan) ) ^2 + $ 
                              ( zp( pos) - gz( gspot , gscan) ) ^2)  
      or der  = sor t ( di st _km)  
    endi f  
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; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
; wr i t e t o t he out put  f i l e 
; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
    pr i nt f , 1, gspot , gscan, num_col l ocs, f or mat =' ( 3I 4) '  
    f or  col l oc=0, num_col l ocs- 1 do begi n 
      i  = i det num( pos( or der ( col l oc) ) )  
      j  = i spot num( pos( or der ( col l oc) ) )  
      k = i l i nenum( pos( or der ( col l oc) ) )       
 
      pr i nt f , 1, st r t r i m( i , 2)  + ' , '  + st r t r i m( j , 2)  + ' , '  + st r t r i m( k, 2)  + $ 
        st r i ng( di st _km( or der ( col l oc) ) , f or mat =' ( F6. 1) ' )  
      i f  keywor d_set ( di agnost i cs)  and gscan eq 0 t hen $ 
        opl ot , [ i l ons( i , j , k) ] , [ i l at s( i , j , k) ] , psym=( gspot  mod 7)  + 1 
    endf or  
  endf or  
endf or  
   
c l ose, 1 
 
pr i nt , ' cr eat ed ' , col l ocf i l e 
 
end 
 




