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A Study on Stochastic Simulation Models to Internally Validate Analytical
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Abstract Analytical and simulation error models have the ability to describe (or realize)
error-corrupted versions of spatial data. But the different approaches for modeling positional
errors require an internal validation that ascertains whether the analytical and simulation error
models predict correct positional errors in a defined set of conditions. This paper presents
stochastic simulation models of a point and a line segment to be validated with analytical error
models, which are an error ellipse and an error band model, respectively. The simulation error
models populate positional errors by the Monte Carlo simulation, according to an assumed error
distribution prescribed by given parameters of a variance-covariance matrix. In the validation
process, a set of positional errors by the simulation models is compared to a theoretical description
by the analytical error models. Results show that the proposed simulation models realize positional
uncertainties of the same spatial data according to a defined level of positional quality.
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» Importance of GIS data quality

» Need of Error measurement

» Concept of analytical error model

> Internal validation for model conformance

Theory of Analytical Error Models

» Analytical Error Model for a Point
» Epsilon Band Model, Eror Band Model

)

Design of Point-based Error model
#Input Parameters

»Box-Muller Method

»Generation of Random Pairs
»Perturbation of an Origin Point

Design of Line-based Error model
» Input Parameters
» Cholesky Decomposition
» Matrix for Random pairs (R)
> Matrix for Correlated Random pairs

Internal Validation of Error Models

» Analytical and Simulation Error Models for a Paint
» Analytical Error Model and Stochastic Simulation
Model for a Line Segment (Epsilon Band Model and
Error Band Model)

Findings and Future Plan
» Implementation of spatial data positional
uncertainty
» Applicable field such as error model of GPS point,
Lidar point cloud etc

Figure 1. Overview of Study Procedure
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Input Parameters:

Zero Means (p=j1,=0)
Standard deviations (o,, 6,)
Correlation coefficient (y)

'

Transformation
from x-y space to x-y'space:

Box-Muller Method :

Random pairs (x', y') from  [®

1) Calculate rotation angle (6) a normal distribution N(0,1)

2) Transform (o, 6,) into (6, 6,)

! Y

Generation of Random Pairs (x/,g/):

Repeat N times
X' =o/xx
y=oyxy

Transformation
from x-y'space to x-y space:

Transform (x’,y) to (X, y)

|

Perturbation of an Origian Point:

Add x and y to a point coordinates

Figure 2. General Steps to Simulate

Positional Errors in a Point
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