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Abstract

This paper describes the application of ACSL to
the validation of a robot vision sensor non-
linear mathematical wmodel. The successful
implementation of such a model in softvare
helped to predict the sensor output under
different operating conditions and has shown to
be a useful R&D tool 1in the development of
future generations of vision seasors.

Key words: modelling, simulation, robot
sensors

Introduction

Rodbot vision sensors which rely on 1light
backscattering, suckh as optical rangefindera,
suffer from a low signal-to-noise ratio (SNR)
of the returned signal; this latter being
particularly low in areas of the image with the
highest information content, namely object
edges and contoura. Several image processing
techniques have been developed in order to
overcome this proble-‘:2.3, mostly using foras
of low pass filtering based on spatial
convolution and being computationally very
expensive.

Images, however, do not have a uniformly
poor SNR, that is some regions of the ipage do
have a high SNR whilst others, wusually the
edges, have a lower one. It follows that a more
efficient pre-processing algorithm would only
operate on those regions of the image which
have an SNR lower than a given value. One such
technique is Adaptive Data Acquisition where
higher processing priority is given to thoase
pixels which display unattractive statistical
properties (i.e. large standard deviation).
Thias latter technique, howvever, requires
several image “frames®™ to be taken before thne
statistical check 1is meaningful thus being
potentially slow but providing a significant
improvement in image pre-processing efficiency.

Model Driven Data Acquisition: a tool for

intelligent sensors

efficient data acquisition
in the form of the

An  alternative,
System has been proposed

Model Driven Data Acquisition {MDDA) which, in
a4 manner akin to human perception, compares the
Beasured image pixels (i.e. the actual sensor
output) to their expected values (i.e. their
respective
values),

calculated

computer

model driven

146-106-1

This comparison provides a “figure of merit"
for each measured pixel which, if neceasary,
can be remeasured thus concentrating the data
acquisition on the areas of the image with the
highest pixel value variations.

This latter can be caused sither by noise,
in the which case this NDDA techaique achieves
adaptive low pass filtering apnd therefore
reduces the need for image pre-processing, or
by model driven artifacts (the equivalent of an
optical 1illusion in human terms) ian the which
case " this MDDA technique simply helps to
produce frame averaged images.

Clearly, however, the bstter the
mathematical model on which the computer ocan
base its calculationa of the exzpected pixel
values the more efficient the data acquisition
algoritha. This paper aims to show how ACSL hes
helped in the developmest of a relisble non-
linear model for the vision seasor in question
by enabdling its simulatioan in software thus
allowing model validation by comparison with
experimental results.

Robot sensor modelling and ACSL

A wmodel of the 3-D vision seasor has been
developed based on its electro-optical front-
end5 and is shown in figure 1. This model 1is
highly non-linear because of the voltage
dependent diffusion capacitanee Cy and the
optical flux coupled to the photodiocde Po-
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Fig.1 Simplified computer model of 3-D vision
sensor front-end

ACSL, the Advanced Contimuos Simulation
Language, was therefore chosen to implement the
model in software because of its capacity for
handling non-linear networks, as well as other
features such as variable INTEGral algorithms
and powerful TABLE statementa which allow the
inclusion of experimental results within the
computer model.



The robot sensor model was thus validated by
comparing its ACSL simulation with the
experimental results. This i1s i1llustrated by
figures 2(a) and 2(b) which ahow a good degree

of agreement between the computer predicted
sensor tranafer function Vy,/Voyt and 1its
experimentally seasured counterpart under

different operating conditions.
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Fig.2 Sensor front-end transfer function under
differrent operating conditions: (a) Ka=50 ohms
(b} Rs=10 ohms. Curves 1,2 and 3 indicate the
use of different LEDs as light sources
HEMT3300, RS308512 and CQXL7 respectively.
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Conclusions

A computer model of a 3-D robot vision sensor
has been developed based on its electro-optical
front-end5 and was simulated using the Advanced
Continuos Simulation Language (ACSL)., This
computer simulation allowed the model to be
validated and helped to show that the sensor
model thua developed represents a useful R&D
tool in the design of future generations of 3-D
viaion sensors.
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