Error Propagation of the Mean Value Error for Harney’s Triangulation Method
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Abstract:

In a paper given by Harney (2006) the author derives the equation for calculating the distances to a source of radiation
based on the inverse-square law of radiation and the relative coordinates of the source [1]. In this paper we derive the error
propagation of the mean-value error for this method.

Introduction:

Given the system of equations as described in Harney (2006)
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We can simultaneously solve for x, y, z and rl (distance from sensor 1 to the source) which eliminates the need for
calibration of the sensors. Let us now solve the system with the offsets x,;and y,; be the same and equal to e. Solving the
system using MATHEMATICA 7.2 we obtain the following solutions.
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2 Solutions in the case that the offsets are different
Start by calling the x offset x,, =gand y,, = p, the solving the system
C e =rgP ey
b’ =(x—q) +y*+2*
it =x*+(y-p)+7°
dr12=x2+y2+z2
we obtain the following sets of solutions:
Solution set 1

ag’ by’  lag-bq)’  (aq+bg—2cq)]

__(ag—bq)
2a+b-2d)
_ ap® +bp* = 2dp* —2cq* +2dq*
- 2a+b-2d)p
Z:_J ag® by’  (ag—bq) ap? +bp> —2dp* 20> +2d0%)
(@+b-2d) (a+b-2d) 4a+b-2d4) 4p*(a+b-2d)

=+ —2
T N\1rp-2q 1

Solution set 2

12)

(&)

(14)

15)

(16)

A7)

(18)

(19)

(20)

2D

(22)

(23)
(24)

(25)

(26)

27

(28)



(ag —bq)

_ 29
o+ b-24) 29
_ ap® +bp* = 2dp* —2¢q* +2dq” (30)
2a+b-2d)p
ee|@a® bg*  _ (ag=bg)] _ lap® +bp? —2dp* — 204 + 2dq2)_q2 a0
(@+b-2d) (a+b-2d) 4a+b-2d4) 4p*(a+b-2d)
2
- 32
T Narb—2a 1! G2
Similarly
Solution set 3
x= (aq_bq) (33)
2a+b-2d)
_ ap® +bp* = 2dp* —2cq” +2dq* (34)
2a+b-2d)p
_|_a® b (ag=bgl _lap®+bp’ -2dp’ ~2eq’ +2dg’) 7 35)
(@+b-2d) (a+b-2d) 4(a+b-2d) 4p*(a+b-2d)

2
__| 36
"TNat+p-2a1 (36)

Solution set 4

— (aq_bQ) (37)
2a+b-2d)
_ ap® +bp* = 2dp* —2cq* +2dq” (38)
20a+b-2d)p
= aq’ N bq® 3 (ag —bq)’ 3 (ap2 +bp® —2dp* —2cq® + 2dq2)_ 7 (39)
(@+b-2d) (a+b-2d) 4(a+b-2d) 4p*(a+b-2d)

2
—|—2 40
"t Natb—2da 7 (40)

3. Error Propagation of the Mean Value Error
In order to proceed with the calculation of the errors involved with the triangulation results above let us first define the
error propagation of the mean value error to be (Harris and Stocker, 1998):
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therefore using Eqgs. (5) — (8) we obtain that:
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Therefore the final expression for the errors becomes
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4. Error Propagation of the Mean Value Error x, # y, . case

Similarly in the case where x,, =gand y,, = p we obtain the following expression
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