
Validating the 
Wayfinder System
fo r t he  
In t e rPla ne t a ry  Ne t work



Gamma-ray Bursts

Neutron Star Merger

A short, intense flash of very high - e ne rg y  ra d ia t ion  
p rod uc e d  d uring  t he  fo llowing  e xt re me  e ve n t s

Massive Star Core-collapse

Fig . 1 a nd  2 , Cre d it : NASA
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Why are GRBs important to study?

● The most powerful explosions since the Big Bang

● Exa mine  how ma t t e r b e ha ve s  und e r e xt re me  c ond it ions  no t  
re p rod uc ib le  on  Ea rt h

● GRB re s e a rc h  ha s  c on t rib u t e d  t o  g round b re a king  d is c ove rie s
○ Firs t  mult i-me s s e ng e r a s t ronomic a l e ve n t  (Ab b o t t  e t  a l., 20 17)

○ Pre c is e  me a s ure me nt  o f  t he  s p e e d  o f  g ra vit y  (Ab b o t t  e t  a l., 20 17)

○ Id e n t ify ing  t he  o rig ins  o f  he a vy  e le me nt s  (Pa t e l e t  a l., 20 25)
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● The IPN is  c o lle c t ion  o f  s p a c e c ra f t  
e q u ip p e d  wit h  g a mma - ra y  b urs t
d e t e c t o rs

● Tog e t he r, t he y  work t o :
○ De t e c t b urs t s
○ Loc a lize b urs t s
○ Ale rt c ommunit y

● Le d  b y  Dr. Eric  Burns

InterPlanetary Network

Past, present, and future IPN Missions
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IPN Localization

Localizations 
a re  ma d e  b y  
t ria ng ula t ion  
us ing  
d if fe re nc e s  in  
d e t e c t ion  
a rriva l t ime s  
a nd  s p a c e c ra f t
d is t a nc e s  
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IPN Automation

● Accurate localization requires knowing  t he  p re c is e  p os it ions o f  t he  
d e t e c t o rs

● Curre n t ly , t he  IPN mus t  re t rie ve  t he s e  p os it ions  ma nua lly  fo r e a c h  e ve n t

● The  t ime  t h is  t a ke s  c a n  re s u lt  in  va lua b le  s c ie nc e  b e ing  lo s t  (Burns  e t  a l., 20 23)

● Aut oma t ing  t h is  p roc e s s  will re d uc e  loc a liza t ion  t ime  f rom hours  t o  
minut e s  (Burns  e t  a l., 20 23)
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Wayfinder System

● Predicts spacecraft positions in real - t ime

● Ne c e s s a ry  c omp one nt  o f  a u t oma t ing  IPN loc a liza t ions

● Built  b y  t he  IPN s o f t wa re  e ng ine e r, Coure y  Ellio t t

● My p ro je c t  is  t o  d e t e rmine  t he  a c c ura c y  o f  t he s e  p re d ic t ions
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How Wayfinder Works

Two - line  Ele me nt  (TLE) Da t a
● Pa t h  in fo rma t ion  on  s a t e llit e s  in  low 

Ea rt h  o rb it in  a  s p e c ia l fo rma t

● Provid e d  b y  U.S. Sp a c e  Forc e

Ep he me ris  Da t a
● Pa t h  in fo rma t ion  fo r in t e rp la ne t a ry

s p a c e c ra f t

● Provid e d  b y  NASA’s  J PL Horizons
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How Wayfinder Works

Miss ion’s  name 
(fermi)

Time
(YYYY-MM-DDThh:mm:ss)

Time s tep 
(seconds)

Run Wayfinder locally

User Request Web server

Response

Database

Backend Server

Miss ion data
(TLE/Ephemeris)

Data retrieval
Prediction calculations  

Produces  response

Predicted Pos ition Coordinates
(Vector, Celestial) 
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Missions

Testing Wayfinder

Earth -Orbiting Interplanetary

Fe rmi* Ps yc he

Swif t * Ma rs -Od ys s e y

INTEGRAL

1. Ge ne ra t e  2  ra nd om t ime s t a mp s  
s inc e  t he  mis s ion’s  la unc h  d a t e

2. Re t rie ve  mis s ion’s  d oc ume nt e d  
p os it ion  a t  e a c h  t ime

3. Ge t  Wa yf ind e r p re d ic t ions  fo r 
e a c h  t ime

4 . Ca lc u la t e  t he  d is t a nc e b e t we e n  
t he  t wo  s e t s  o f  ve c t o r 
c oord ina t e s

How
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Testing Wayfinder

CURRENT GOAL

Find Wayfinder predictions to be 
within 10 km of the recorded positions 

for spacecraft in low Earth orbit
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Testing Wayfinder Fermi

● Fermi has an onboard GPS, so its 
p os it ions  in  o rb it  a re  we ll-known

● ~99.9% of  d is t a nc e s  we re  < 10  km

● Inve s t ig a t ing  e xt re me  va lue s , f ind  
t ha t  oc c a s iona lly  TLEs  re p ort  b a d  
d a t a

● Sug g e s t e d  a  ne e d  in  Wa yf ind e r 
s ys t e m fo r a  TLE va lid a t ion  c he c k
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Testing Wayfinder Swift

● Thousands of values > 10 km

● Ra n t e s t  s e ve ra l t ime s  a nd  found  
t he  s a me  re s u lt s
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Testing Wayfinder - Swift

● Found unexpected behavior 
whe n p lo t t ing  t he  d is t a nc e s  
ove r t ime

● Swif t  d oe s  no t  ha ve  onb oa rd  
GPS a nd  ha s  t o  c o rre c t  t he  
in t e rna l c loc k d rif t  ove r t ime

● The  Swif t  p os it ion  d a t a  us e d  
d id  no t  ha ve  t he s e  
c o rre c t ions
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Results  & Future Work

● After understanding Swift’s behavior, we find ~98.5% of distance 
va lue s  we re  < 10  km

● We  ha ve  d e t e rmine d  Wa yf ind e r p re d ic t ions  a re  re lia b le  fo r s a t e llit e s  in  
low Ea rt h  o rb it

● Fut ure  t e s t s :
○ INTEGRAL → hig h ly  e llip t ic a l o rb it
○ Ps yc he  → in t e rp la ne t a ry
○ Ma rs -Od ys s e y  → in t e rp la ne t a ry  
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Figure 1 Ima g e  Cre d it : NASA’s  God d a rd  Sp a c e  Flig ht  Ce nt e r. “Ne ut ron  St a r Me rg e r.” 
h t t p s :/ /s c ie nc e .na s a .g ov/unive rs e /g a mma - ra y-b urs t s -b la c k-ho le -b irt h- a nnounc e me nt s /

Figure 2 Ima g e  Cre d it : NASA’s  God d a rd  Sp a c e  Flig ht  Ce nt e r. “Core - c o lla p s e .” h t t p s :/ /s c ie nc e .na s a .g ov/unive rs e /g a mma -
ra y-b urs t s -b la c k-ho le -b irt h- a nnounc e me nt s /

Figure 3 Ima g e  Cre d it : Burns , E., e t  a l. (20 23). Gamma-Ray Transient Network Science Analysis Group Report (Fig . 3). 
h t t p s :/ /a rxiv.o rg /a b s /230 8 .0 4485

Figure 4 Ima g e  Cre d it : NASA’s  God d a rd  Sp a c e  Flig ht  Ce nt e r; DSS; SDSS; Ad a m Bloc k, Mount  Le mmon SkyCe nt e r, Unive rs it y  
o f  Arizona . h t t p s :/ /s vs .g s fc .na s a .g ov/13792

Figure 5 Ima g e  Cre d it : Ka it lyn’s  Te c h Log s . “Two-Line  Ele me nt s ”. h t t p s :/ /ka it lyn .g uru/p ro je c t s / t wo- line - e le me nt s - t le /
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