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Goal and Existing Models

Fully-Coupled Multi-Camera Trajectory Estimation
Requires a Propagation Model*

Single kth Camera Motion Model:

X (t=j8) = x, + V.. *[t+ At —t,] + a(t +At, - t,)

Published Propagation Models
X(t) = x, + V,t

x(t)
X(t)

X, + V.t + at?

Whipple F. L., and Jacchia L. G. (1957) “Reduction methods

X + V t + C e kt for photographic meteor trails.” Smithsonian Contributions to
0 € Astrophysics 1, pp. 183-206

Does not fit a deeply penetrating fireball over the ENTIRE trajectory at once

* Gural, P (2012) “A new method of meteor trajectory determination applied to multiple unsynchronized
video cameras” Meteoritics & Planetary Science ??? pp. 1-14. Also see IMC 2011 PPT presentation.



Dynamical Equations of Meteor Motion

Drag:

Straight Line Propagation:

Mass Loss:

Assumptions

Isothermal Atmosphere: ,o=eXp(-y)

Mass — Shape Power Law:

Dimensionless Parameters

1 poh, S,

Ballistic Coefficient: o=—Cc, ——
2 " M_smy
, eVt

Mass Loss Parameter:

Power Law (rotation?): n=log s

From “Fireball Aerodynamics and Luminosity” PDF by Gritsevich and Koschny, IMC 2010



Solutions and Equation for dV / dt

Normalized

Mass as a function of Velocity: Variables

Height as a function of Velocity:

X =
Exponential Integral: Ei(x) = J‘e’ dz

— D

Acceleration

dv/dt = (-V,siny/2h,) v?> exp(-Bv?) [Ei(B)- Ei(Bv?)]

Function ONLY of a scale factorand 3! -> How to obtain x(t, B) ?




Velocity and Position Profiles

t = (-2h, /V,siny) IV dv v-2 exp(Bv?) /[ Ei(B) - Ei(BV?) ]
1

Velocity v(t,p) I dt - Position x(t,3)
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Eureqa Formulize

“A software tool for detecting equations and hidden mathematical relationships in your data”

(x) = + — x + sinx coslx tanhx e logx ! y* V...

Confidence 7 ' u 10 4uu sy
2
Stabilty 4.5% = < m | =
Maturity 85.3% = Solution Details: Solutions Plotted Accuracy vs Compesity
ha Frontier
Solution x=(4.981 - )f(1.053 - exp(54.72% + 280.7/t - 205.1 - 4.985° .
0.001 ¢ e ol ! L4 Solutions
L L I L L L sizez7 @
R~2 Goodness
1 10 100 1000 10000 100000 of Fit 0.98598907 Lz
Tinne [seconds] L
Correlation
099999953
Project Log: Coefficient 0.8 .
6:42:394% New solution: Fit: 0.000728903 S = (4.981 - 1)/(L1.053 - exp(54.74% + 281.2/t1 - 205.3 - 3.989'1*2)) ~ -
6:42:414% Hew solution: 0.000728793 5 = (4.981 - 1)/(1.053 - exp(54.74% + 251.2/t - 205.3 - 4.989%2)) R |
6:47:104% New solution: 0.000728769 S = (4.981 - 1)/(1.053 - exp(54.74% + 281.2/t - 205.3 - 3.989%+2))
6:49:324% New solutian: 0.000728749 S = (4.981 - 1)/(1.053 - exp(54.74% + 281.2/t - 205.3 - 4.9894°2))
7:4L:114% New solution: 0.800728735 5 = (4.981 - 1)/(1.053 - exp(54.74% + 28L.2/t - 205.3 - 4.989'1°2))
TrA:084% Hex solutian: 0.000728678 5 = - t)/(1.053 - exp(54.72% + 280.7/t - 205.1 - 4.989%2))

7:49:544% New solution:
£:05:284% New solution:
8:06:184% New solution:
8:18:094% New solution:
£:20:364% Search paused

0.00072864 Si
0.000728615 S
it: 0.196%04 si
it: @.034518  si

(4,981
= (4.981 - 1)/(1.053 - exp(54.72% + 280.7/t - 205.1 - 4.9899t°2))
(4.981 - t)/(1.053 - exp(54.72% + 280.7/t - 205.1 - 24.989%°2))
0.0050921143
3.3298-5 - 11.6%exp(-89.41/(t2))

solution: x
solution: « =

<l




“Best” Model Found — Thus Far

X(t)=t + (c;+c,t) / {cz+cexp[(cg+cgt)/(c,+exp(t))+cgt]}

c, =+0.34087 + 2.6517 3

c, =-0.50104 - 2.6621 3 + 0.89817 3 - 0.097926 [3*

c; =+0.81913 +4.2046 3 - 1.5428 3? + 0.16662 [3°

c, =+19.548 +109.15 3 - 41.522 32 + 4.0013 3 B <3

c. =+179.04 +425.61 f3 - 65.534 3

Cc =+28.46 - 77.083 3 +9.1122 [3?

c, =+45.027 +129.66 [3 - 228.04 % + 223.16 3° - 124.53 3*
+39.119 3° - 6.4418 3% + 0.42978 37

cg = +0.40731 +0.033279 3



Along Track Down Range

Performance Fit Results

Time (sec)

80% of Fireballs had B < 3

Along Track Down Range
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 Find a model valid for high mass loss coef >3

« Continue with Eurega Formulize, use other functions
 Remove the terminal velocity (dark flight) portion of data - Eureqa

» Possibly merge two models

e Test on actual fireball tracks

e Incorporate into the multi-parameter fit trajectory code

* Add new propagation model(s)
» Errors per measurement & associated cost function

« Switch from simplex to simulated-annealing minimization

Assuming | am not too distracted by Spectral-CAMS !



