“Variation of coordinates”: iteration method for LS adjustment
(the theoretical background will be explained in Ch. 6, followed by Mathematica implementation in example 6.5. This handout only outlines the algorithm for programming)
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· A, B, C, D are points with known coordinates; U has unknown coordinates to be found.

· Three angles are observed while two coordinates eU, nU are required (hence redundant measurements exist, and require statistical treatment)

· Objective: determine the “best” (in least squares sense) values for unknowns = (eU, nU), i.e. the (x, y) coordinates of station U in Fig. 3-13, using all available data in Table 2. 
· Start with the crude values (eU, nU) = (2000, 1000).
	Known coordinates
	A
	B
	C
	D

	Easting, x (m)
	1715.016
	2246.713
	2700.495
	2663.821

	Northing, y (m)
	1835.107
	1825.947
	1395.413
	905.339


 Table 1

	Angle
	Observed value
(in degrees)
	Standard deviation, (weight of observation = 1/2)

	A
	U
	B
	38.02416667
	3”

	B
	U
	C
	41.37361111
	5”

	C
	U
	D
	32.22138889
	4”


Table 2

Solution Algorithm:

1. Store the known coordinates into eA = 1715.016, eB = 2246.713, etc. according to Table 1.
2. Compute angleAUB = cos-1 (
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), similarly for BUC, CUD. These would involve the constants entered in step 1 (numeric), and the unknowns eU, nU (symbolic). Store these 3 expressions in a vector called observations, which is symbolic since it contains eU, nU.
3. Store the 3 observed values (after converting to radians) in Table 2 in a (numeric) vector observedAngles; and construct a diagonal weight matrix w using 1/(3”)2, 1/(5”)2, 1/(4”)2 converted into radians-2
4. Build matrixA using the rule: matrixAij = 
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 (thus a 3 by 2 matrix; the partials are always taken w.r.t. either eU or nU; the function to be differentiated is always an ArcCos. The output is a massive matrix as seen in textbook section 6.5, which is symbolic as it contains eU, nU symbolically)
5. Let updatedCoordinates = (2000,1000) (these serve as initial values)
6. Define the following rule for “updating” any expression that involves (symbolic) eU, nU:

updateRule L replace each occurrence of unknowns (i.e. “eU” and “nU”) by current numeric values in updatedCoordinates
7. By applying updateRule to observations, obtain a numeric vector (3 components). Subtract it from observedAngles (fixed constants), and call the result vector k. 
8. By applying updateRule to matrixA, obtain a numeric matrix (3 by 2). Call the result numericA.

9. Compute x = (numericAT ( w (  numericA)-1 numericAT ( w (  k
10. Update the current values by updatedCoordinates = updatedCoordinates + x
11. Compute change = (x( x)1/2
12. Output # of iterations done, current value of change and updatedCoordinates
13. If change > 0.0001 (i.e. convergence is not yet achieved), then repeat from Step 6

14. The best values of eU, nU are the final values of updatedCoordinates and printed.

Fig. 3-13
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