
1 

 

Compute the 3-D Position of the Finial on Skeen Hall at NMSU  
Earl F. Burkholder, PS, PE, F.ASCE – June 1, 2020 

Global COGO, Inc. – Las Cruces, NM 88003 
Email: eburk@globalcogo.com URL: www.globalcogo.com  

 
This project was part of a SUR 410 Spring 2010 class project conducted by Kyle Spolar, Ford Prather, and 
Earl F. Burkholder.  The control points for the project include points from the NMSU Supplemental GPS 
Network described in Example 1, Chapter 15 of the 2nd Edition “The 3-D Global Spatial Data Model.”  As 
shown in the accompanying diagram, horizontal and vertical angles to the top of the finial were observed 
from REILLY (BS-BROMILOW), EFB (BS-WAKEMAN), and WAKEMAN (BS-EFB). The class assignment was to 
compute the 3-D position of the top of the finial on Skeen Hall using geodesy equations, state plane 
coordinate equations, and specifically the GSDM for the computations.   
 
The GSDM least squares solution is linear (requires no iteration) and was developed using the following 
matrix equations. Equation 1 computes the X/Y/Z coordinates for the finial and equation 2 gives the 
ΔX/ΔY/ΔZ components from each of three control points to the top of the finial. The zenith directions and 
heights of instrument were measured directly in each case while the azimuth was computed from the 
backsight directions and measured horizontal angles.  
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]      where    (2)  

  ΔX, ΔY, and ΔZ  =  geocentric components of each vector. 
  ø and λ   =  geodetic latitude and longitude of instrument station. 
          (East longitude is used at each instrument station.) 
  S   =  the slope distance instrument station to station FINIAL. 

     =  geodetic azimuth instrument station to station FINIAL. 
  Z   =  Zenith direction instrument station to station FINIAL. 
  HI   =  Height of instrument at each station. 
 
Using equation 2 three times, once from each control station, provides a set of 9 equations containing 
only 6 unknowns – three slope distances and the X/Y/Z coordinates of the finial. A matrix formulation of 
the solution can be accomplished using either method, adjustment of observations only (Av = f) or 
adjustment of indirect observations (v + BΔ = f). Admittedly, the evaluation of partial derivates, in either 
case, can be a challenge. As a learning exercise and as a confidence builder, it was gratifying to see that 
pencil/paper efforts gave the same results as “canned math software” for the partial derivatives. 
 
Notes: 
 

1. The method of adjustment-of-indirect-observations (v + BΔ) was used with equal weights.  
2. The zenith directions were corrected for refraction. The impact was insignificant. 
3. Additional details are given in Example 3, Chapter 15, 2nd Edition of the 3-D book. 
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Diagram of Control Points Used to Survey the Skeen Hall Finial 

 

 
 

Skeen Hall on Campus of New Mexico State University, Las Cruces, New Mexico 
 


