
ECE 6390 Solutions to Homework 7: GPS

1. (see next page)



Problem 1: 
 

 

 



2. GPS Problem:

Below are the ranging equations for the four satellite points:

(PR1 + cτ)2 = (X1 − Ux)
2 + (Y1 − Uy)

2 + (Z1 − Uz)
2

(PR2 + cτ)2 = (X2 − Ux)
2 + (Y2 − Uy)

2 + (Z2 − Uz)
2

(PR3 + cτ)2 = (X3 − Ux)
2 + (Y3 − Uy)

2 + (Z3 − Uz)
2

(PR4 + cτ)2 = (X4 − Ux)
2 + (Y4 − Uy)

2 + (Z4 − Uz)
2

We are allowed to assume perfect synchronization of the GPS receiver with the GPS clock
(τ = 0), so that we can linearize the above system by taking difference of pairs of ranging
equations:

PR2
1 − PR2

2 = X2
1 −X2

2 + 2(X2 −X1)Ux + Y 2
1 − Y 2

2 + 2(Y2 − Y1)Uy + Z2
1 − Z2

2 + 2(Z2 − Z1)Uz

PR2
2 − PR2

3 = X2
2 −X2

3 + 2(X3 −X2)Ux + Y 2
2 − Y 2

3 + 2(Y3 − Y2)Uy + Z2
2 − Z2

3 + 2(Z3 − Z2)Uz

PR2
3 − PR2

4 = X2
3 −X2

4 + 2(X4 −X3)Ux + Y 2
3 − Y 2

4 + 2(Y4 − Y3)Uy + Z2
3 − Z2

4 + 2(Z4 − Z3)Uz

This provides 3 equations with 3 unknowns – user position (Ux, Uy, Uz). Now let us calculate
the Cartesian coordinates of the satellites

Sat 1 Sat 2 Sat 3 Sat 4
X (km) 12229.2420 22.2652 -1239.1036 -1963.3663
Y (km) -23318.5826 -18760.3115 -24988.4822 -20166.3794
Z (km) 3631.2185 18829.4083 8974.2288 17203.4513

When these values and the pseudo-ranges are inserted into the linear system of equations,
we have enough information to solve for the Cartesian coordinates of the user: (518.5371,
-5278.3008, 3546.7052) km.

Converting this coordinate into latitude, longitude, and elevation produces 33.7715◦, −84.3893◦.
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