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 TI MI NG MEASUREMENTS

Ti mi ng Measur ement s us i ng a Pul ser  Tr ansmi t t er

Fr equency used:  

375 MHz ( most l y)

Some event s at  350 MHz and 750 MHz

Bur st s sent  at  di f f er ent  power :

( 0 db,  - 10 db and - 20 db)

ANI TA Launch 04: 08: 00 GMT t i me

Fi r s t  Bur st   04: 42: 20 GMT t i me

Last   Bur st   14: 53: 03 GMT t i me

GPS Tr i gger  adopt ed



ANI TA- LI TE RAW DATA

Ent i r e Cal i br at i on dat a set

Tot al  # of  Event s 2568,  i . e ~ 3. 4 f i l es/ mi nut e

Dat a f or  45102 sec,  i . e.  ~ 12 and a hal f  hour s

A t ot al  of  98 event s avai l abl e:  

92 event s at  375 MHz,  6 event s at  350 Mhz

ALL THESE 98 EVENTS USED FOR THE ANALYSI S

About  130 event s wi t h huge WF at  f r equency:          
( 375 Mhz,  350 Mhz,  and 750 MHz)   



GOAL of  TI MI NG ANALYSI S

Usi ng Cal i br at i on Run t o Ext r act  Ti mi ng i nf or mat i on

Ti mi ng Cal cul at i on f r om Bur st s  at  gi ven Fr equency

Har dwar e bi n di gi t i zat i on 0. 5 nsec

Goal s of  t hi s anal ys i s :  

Ti me r esol ut i on l i mi t ed by di gi t  bi n          
( s i gma ~ 0. 25 nsec)

Ampl i t ude dependency

Di r ect i on,  azi mut h dependency

Fr equency dependency



 METHODS of  ANALYSI S

Ful l  dat a set  f r om USB ( 1- 4)  memor i es

Scanni ng by Eye over  ~ 3000 f i l es ( 98 EVENTS)

St udyi ng f eat ur es of  i ndi vi dal  WF ( Ti me domai n)

FFT ( Fr equency domai n)  Reconst r uct i on

Si gnal  about  4 si gmas above noi se backgr ound l evel

Leadi ng Edge i dent i f i cat i on f or  al l  channel s

Fi xed Thr eshol d;  Thr eshol d channel  and event  
dependent

Appl i cat i on of  Band- Pass Fi l t er

Di st r i but i on of  di f f .  bet ween Leadi ng Edge Ti mes 
bet ween channel s



NOI SE FI LTERI NG

Raw WF af f ect ed by many f r equency component s

Fi l t er  used f or  375 MHz:

LOW- PASS Fi l t er :  bel ow 400 Mhz

HI GH- PASS Fi l t er :  above 355 Mhz

BAND- PASS Fi l t er :  wi ndows [ 355- 400]  Mhz 

Fi l t er  wor ki ng wel l  al so f or  ot her  f r equenci es    
( 350 Mhz and 750 MHz)



GOOD EVENT at  375 MHz

Typi cal  WF wi t h event  at  375 MHz 

Good f or  t i mi ng pur pose

RAW FFT FILTER

CH1

CH2

CH3

CH4



EVENT at  375 MHz

Si gnal  event  not  cent er ed i n t he WF wi ndows

RAW FFT FILTER



SHORT PULSE of  150 ns at  375 MHz

Shor t er  cal i br at i on bur st s wi t h 150 ns wi dt h

RAW FFT FILTER



SHORT PULSE at  750 MHz

Onl y f ew event s f ound at  750 MHz 

Af t er  BAND- PASS f i l t er  si gnal  vi s i bl e



SHORT PULSE at  350 MHz

Few event s at  350 Mhz



LOW and HI GH PASS FI LTER
Di f f er ent  f r equency f i l t er  adopt ed

HI GH- PASS;  LOW- PASS;  BAND- PASS

Best  Wi ndows ar ound 375 Mhz i s  [ 355- 400]  Mhz 

HIGH-PASS LOW-PASS BAND-PASS



LARGE SI GNALS

 About  140 event s ar e af f ect ed by l ar ge ampl i t ude



EVENT at  405 Mhz

 Typi cal  event  f ound at  405 Mhz,  packet s 30- 50 nsec

Ot her  ant enna sour ce( ?)



EVENT at  460 MHz

Lar ger  modul at i on at  460 Mhz

Ot her  sour ces ( ?)



BROAD PEAK at  250 MHz

Br oader  peaks ar ound 250 MHz 

Pr obabl y i nt er nal  el ect r oni c  noi se



BRAOD PEAK at  275 MHz

Si mi l ar  behavi our  at  275 MHz 



SI GNAL at  375 Mhz at  909 MHz
FFT shows si gnal  at  375 Mhz,  but  s t i l l  t oo waek

Addi t i onal  component  at  909 Mhz



SI GNAL 375 MHz and NOI SE 460 MHz
 Typi cal  WF wi t h s i gnal s  and addi t i onal  component s



AMPLI TUDE DI STRI BUTI ON
Di st r i but i ons of  al l  dat a anal azed ( 2568 event s)

Guassi an di s t r i but i on expect ed f or  Noi se Backgr ound

Much br oader  and f l at t er  di s t r i but i on f or  Si gnal

CH 1
CH 2

CH1 vs CH 2 CH 1 vs CH 3



AMPLI TUDE DI STRI BUTI ON

Di st r i but i ons f or  CH 3 and CH 4

Ampl i t ude of  CH 3 r educed by ~ 60%

CH 3 CH 4

CH 3 vs CH 4 CH 4 vs CH 2



AMPLI TUDE CORRELATI ON

Cor r el at i on i n ampl i t ude                           
f or  si gnal  event s

CH 1 vs CH 2

CH 1 vs CH 4

CH 4 vs CH 2



Leadi ng Edge Di st r i but i on
Exponent i al  decay f or  LE Backgr ound di s t r i but i on

Peaks i n LE di s t r .  due t o t hr eshol d r equi r ement

CH

CH 1 CH 2

CH 3 CH 4



FFT POWER of  di f f .  CHANNELS 
Expect ed cor r el at i on f or  wor ki ng channel s

CH 3 weaker  i n Ampl i t ude by a f act or  f i ve

CH1 vs CH2 CH2 vs CH4

CH1 vs CH3 CH3 vs CH4



TI ME RESOLUTI ON

Cur r ent  r esol ut i on of  ~ 3ns                        
( OF COURSE TO BE I MPROVED)

LE(ch1)-LE(ch4) LE(ch2)-LE(ch4)



CONCLUSI ON and LESSON LEARNED

Ensur e hi gher  dat a r at e dur i ng LOS

Feedback i nf or mat i on t o be avai l abl e qui ck l y

Cal i br at i on syst em f ul l y t est ed pr i or  next  mi ss i on

Even l i mi t ed cur r ent  dat a set ,  syst em i s r el i abl e

Oper at i on of  ampl i f i er  shoul d not  modul at e t he si gnal  
pul se

Pl ent y of  power  even at  hi gh al t i t ude

Fi r s t  l ook at  ANI TA- Li t e cal i br at i on dat a

Devel oppi ng f i r st  met hod f or  t i mi ng anal ys i s  



GMT and GPS TI ME

GMT and GPS di s t r i but i ons st r ongl y  cor r el at ed

I nt er nal  f eat ur e f ound i n bot h di s t r i but i ons



UTC- GPS TI ME

FOR ONLY 98 EVENTS


