


UR Rao Sate l l i te  Cent re  (URSC) ,  Ind ian Space Research Organ isat ion
( ISRO) under  the Depar tment  o f  Space,  is  the  lead cent re  fo r  des ign,
deve lopment  and rea l isa t ion  o f  sa te l l i tes  o f  ISRO.  Dur ing the 70 's  and
the 80 's  URSC was engaged in  master ing the bas ic  techno log ies  and
sk i l l s  requ i red for  the  spec ia l ized task  o f  sa te l l i te  bu i ld ing.  S ince the
ear ly  90 's  a  host  o f  contemporary  and advanced communicat ion ,
meteoro log ica l ,  remote sens ing,  nav igat ion  and space sc ience were
bu i l t  and launched.  

The communicat ion ,  meteoro log ica l ,  remote sens ing and nav igat ion
sate l l i tes  launched by  URSC have cont inued to  serve the key sectors
of  the  Ind ian economy l ike  communicat ion ,  agr icu l tu re ,  water
resources,  urban p lann ing,  Land use,  F isher ies ,  Oceanography,
Weather  fo recast ing ,  D isaster  management ,  Search and Rescue and
Nav igat ion .  The Space sc ience miss ions l i ke  Chandrayaan-1,  2 ,  3 ,
Mars  Orb i te r  Miss ion,  Ast rosat ,  Ad i tya-L1 and XPOSAT have put  Ind ia
in  the g loba l  map whi le  a lso  insp i r ing  the Gen next .

More than 100 s ta te-o f - the-ar t  sa te l l i tes  bu i l t  over  four  decades by
URSC ,  the  abode o f  Ind ian sate l l i tes ,  s tand tes t imony to  the techn ica l
exce l lence the cent re  has sca led.  Wi th  about  2500 h igh ly  t ra ined and
sk i l led  manpower ,  URSC today is  home to  a  host  o f  advanced,  cu t t ing
edge sate l l i te  techno log ies  that  feeds in to  the Ind ian Space
Programme.The cent re  a lso  houses u l t ra  modern des ign,  deve lopment ,
fabr ica t ion  and tes t ing  fac i l i t ies  fo r  sa te l l i tes .

About URSC, ISRO

Introduction & Motivation
A g iant  impact  on young Ear th  about  4 .5  b i l l ion  years  ago is  be l ieved
to  have formed the Moon.  Ear th  moved on wi th  hard ly  any memory  o f
th is  ca tas t roph ic  event .  Moon coo led down and formed a  crus t ,  mant le
and core  and s ince then has s tood as  a  canvas to  mark  the events  in
the ear ly  So lar  System.  
The sur face compos i t ion  o f  the  Moon re f lec ts  the crus ta l  compos i t ion ,
excavated mater ia ls ,  impact  generated mater ia ls  and weather ing due to
so lar  w ind in terac t ion .  
The dark  reg ions on the Moon v is ib le  to  the naked eye are  resu l ts  o f
severa l  ep isodes o f  vo lcan ism that  revea ls  i ts  thermal  and magmat ic
evo lu t ion .

https://www.ursc.gov.in/isac.jsp


Mapping the sur face e lementa l  abundances is  o f  impor tance to
unders tand the compos i t ion  o f  the  Moon as  wel l  as  to  ident i fy  potent ia l
s i tes  fo r  sample  re turn  and ins i tu  resource u t i l i za t ion .  And one o f  the
most  d i rec t  ways to  map the e lementa l  compos i t ion  is  X- ray
spect roscopy.  

CLASS is  an X- ray  f luorescence exper iment  onboard the Chandryaan-2
orb i te r  wh ich has been operat ing  s ince September  2019.  Over  the las t
f ive  years ,  CLASS has measured a  la rge number  o f  lunar  X- ray
spect ra .  Wi th  a  deta i led  spect ra l  model l ing ,  e lementa l  maps o f  a l l
major  rock  forming e lements  a t  150 -  15 km spat ia l  reso lu t ion  have
been generated for  severa l  reg ions.  

However ,  there  is  potent ia l  to  map the ent i re  lunar  sur face chemica l
heterogene i ty  a t  f iner  spat ia l  sca les .  The proposed prob lem is  to
generate  a  lunar  map a t  unprecedented spat ia l  sca les  by  u t i l i s ing  the
X-ray  f luorescence l ine  in tens i ty  ra t ios .

X- ray  f luorescence (XRF)  l ines  are  detec ted in  CLASS dur ing so lar
f la res .  The XRF l ine  energy ident i f ies  the e lement  wh i le  in tens i ty
depends on so lar  f la re  s t rength ,  so lar  zen i th  ang le  and compos i t ion .
By tak ing l ine  ra t ios ,  the  angu lar  dependence and inc ident  so lar  f lux
dependence can be e l iminated to  some extent .  

Mg/S i  and A l /S i  ra t ios  fo r  example  can re f lec t  the  compos i t iona l
heterogene i ty  fa i r ly  we l l  (F igure  1) .  

G loba l  XRF l ine  ra t io  maps a t  a  spat ia l  reso lu t ion  o f  ~  12 km can be
generated f rom CLASS data  which would  be a  new independent  map
usefu l  fo r  geochemica l  and resource mapping.  

Problem Statement



The observed spect rum in  CLASS (F igure  2)  cons is ts  o f  XRF l ines ,
scat tered so lar  X rays  and background ar is ing f rom par t ic les  in  the
lunar  orb i t .  The rout ine  CLASS data  ana lys is  p ipe l ine  models  the X- ray
spect ra  w i th  good s ta t is t ics  to  der ive  e lementa l  abundances.  

Severa l  spect ra  are  added to  ach ieve s ta t is t ics  except  fo r  occas ions
when the inc ident  so lar  f lux  is  h igh.  

The ob jec t ive  here  is  to  u t i l i se  the ent i re  se t  o f  XRF spect ra  measured
by CLASS to  der ive  XRF l ine  in tens i t ies  and create  a  h igh- reso lu t ion
e lementa l  ra t io  map that  wou ld  ident i fy  compos i t iona l  d i f fe rences a t  km
sca les .

Figure 1: A/Si X-ray line intensity ratios derived from Apollo 15 and 16 experiments (Gloudemans et al, 2021)



Figure 2: Lunar X-ray spectrum measured by CLASS (Narendranath et al, 2024)

Methodology
Ident i fy  spect ra  w i th  XRF l ines ,  es t imate  number  o f  l ines  detec ted
and the cor responding e lement  and i ts  s ign i f i cance (detec t ion)
Model  the  spect ra  to  determine XRF l ine  f lux  f rom each o f  the
detec ted e lement
Calcu la te  ra t ios  such as  Mg/S i ,  A l ,  S I ,  Ca/S i  and map i t  on to  a  lunar
a lbedo base map (eg:  Lunar  Reconnaissance Orb i te r  Wide Ang le
Camera g loba l  map)
Der ive  uncer ta in t ies
Arr ive  a t  ra t ios  that  best  represent  the  compos i t iona l  heterogene i ty
in  the ter ra in
Exp lore  the use o f  over lapp ing t racks  to  ach ieve sub p ixe l
reso lu t ion

XRF l ine  in tens i ty  maps pro jec ted onto  a  lunar  a lbedo base map in
a readab le  format
Source codes wr i t ten  in  open source (pre ferab ly  py thon)  so f tware
Repor t  out l in ing the s teps
Bonus po in ts  fo r  dra f t  o f  a  Journa l  Paper

Solution Deliverables 



Evaluation Parameters
Mid Term Report  
   1 .  A  cata logue o f  XRF l ine  detec t ions and the e lements  a long wi th
    source codes –  10%   
   2 .  Map the coverage o f  the  XRF l ines  onto  a  lunar  base map –  10 %
   3 .  Compos i t iona l  groups based on ra t ios  –  10%

Note:  These three tasks  are  to  be submi t ted as  a  par t  o f  the  mid- term
repor t .  I f  a  task  f rom these three is  comple ted a f ter  the  mid- term
repor t ,  then i t  w i l l  rece ive  on ly  ha l f  we ightage.

End Term Report  
   1 .  Map the ra t ios  onto  a  lunar  base map –  40% (dynamic  in terac t ive
    map pre fer red)
   2 .  Best  ra t ios  to  use and v isua l iza t ion  o f  data  on a  lunar  map –  20%
   3 .  Subp ixe l  reso lu t ion  maps –  10%

Note:  The f ina l  p resenta t ion  shou ld  inc lude a  comple te  so lu t ion ,  and
the end- term repor t  must  inc lude a l l  the  source codes to  be handed
over  to  ISRO.

Resources
Data:  h t tps : / /p radan. issdc.gov. in /ch2/

Manual :
h t tps : / /p radan. issdc.gov. in /ch2/pro tec ted/downloadFi le /c lass /ch2_c lass
_pds_re lease_38_20240927.z ip

CLASS instrument:
ht tps : / /www.cur rentsc ience.ac . in /Vo lumes/118/02/0219.pdf
h t tps : / /www.sc ienced i rec t .com/sc ience/ar t ic le /abs/p i i /S0019103521001
196

CLASS elemental  maps:
ht tps : / /www.sc ienced i rec t .com/sc ience/ar t ic le /abs/p i i /S0019103523004
773

Planetary X-ray f luorescence spectroscopy:
ht tps : / /www.sc ienced i rec t .com/sc ience/ar t ic le /abs/p i i /S0032063312002
942

https://pradan.issdc.gov.in/ch2/
https://pradan.issdc.gov.in/ch2/protected/downloadFile/class/ch2_class_pds_release_38_20240927.zip
https://pradan.issdc.gov.in/ch2/protected/downloadFile/class/ch2_class_pds_release_38_20240927.zip
https://www.currentscience.ac.in/Volumes/118/02/0219.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0019103521001196
https://www.sciencedirect.com/science/article/abs/pii/S0019103521001196
https://www.sciencedirect.com/science/article/abs/pii/S0019103523004773
https://www.sciencedirect.com/science/article/abs/pii/S0019103523004773
https://www.sciencedirect.com/science/article/abs/pii/S0032063312002942
https://www.sciencedirect.com/science/article/abs/pii/S0032063312002942

