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Real Time Complex Event Detection Based on
Answer Set Programing

Fadi Al Machot and Kyandoghere Kyamakya

Abstract—This paper presents a real-time complex event detec-
tion concept for resource-limited multimedia sensor networks. A
comprehensive solution based on Answer Set Programming (ASP)
is developed. It is shown that ASP is an appropriate solution
to robustly detect both simple and complex events (video-audio
understanding) while running on a limited resources platform
with limited power, memory and processing resources. We
underline the major weaknesses of the existing related concepts
based on logic programming. To finish a detailed evaluation of
our concept is performed through an extensive experimentation
involving benchmark dataset of surveillance videos.

Index Terms—Multi-sensor Network, Logic programming, An-
swer Set Programming, Event Detection

I. INTRODUCTION
Detection of different events or situations has become an

important topic in audio and video surveillance systems in
the last years. Especially the surveillance of public areas such
as airports or train stations has been in the focus of research
and development e.g. audio and visual events in sports [18] or
audio events in the military [14]. Some surveillance systems
have to be be installed in resource -limited areas/situations
where power, memory and processing resources are limited.
This limitation is a real challenge for surveillance systems
researchers. It is especially the case when the system has to
be robust, run on chip and detect events in real time.
The existing solutions for event detection in surveillance

systems can be divided in two main groups: a) model-based
detection systems (probabilistic or statistical ones), and b)
rule-based detection systems (logic programming and context
modeling). On the other hand some other interesting paradigms
such as constraint satisfaction programming (CSP), quanti-
fie boolean formulas (QBF), or firs order logic (FOL)do
unfortunately not offer the expressive capability to defin
the knowledge necessary to model the spatial and temporal
context information at stake in video understanding systems.
The semantics of ASP is more expressive than those of related
formalisms e.g. propositional satisfiabilit (SAT), constraint
satisfaction problems (CSP), and integer linear programming
(ILP).
In this paper we are solely dealing with the detection of

complex events in short term, that is, within some seconds
only (or up to maximum one minute). The events we are
considering are divided in two classes, simple events and
complex events:
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1) Simple Event: This is the simplest form of events e.g.
run, walk, shot, etc.

2) Complex Event: a complex event which is the combi-
nation of the simple events e.g. groups of persons are
running, group of persons are fighting group of persons
are running in different direction, etc.

We propose a solution based on answer set programming
(ASP) to realise a system able to detect complex events in real
time, is robust and can easily run on chip (DSP or FPGA).

II. RELATED WORKS

Several papers on complex event detection have been
published. The main approaches involves supervised learning
for event detection. Many works use Bayesian Networks for
event recognition such as [10], [28], [2] or [12]. Others use
support vector machines [17] or hidden markov models [22]
[11].

These methods show in some scenarios a high detection
rate and in others very low detection rate. Still, using model
based complex event detection needs many (a huge number of)
trainings samples. Further, the classificatio involved usually
does not support different types of events.
A possible way of dealing with scene understanding is an

ontology based context modeling and reasoning. It is not only
important to record and detect different events. An important
issue is to understand the scene. Some works are based on
context modeling and reasoning, see Refs [27], [25], [30],
[13], [26] or [23]. The problem of these concepts remains
the limitation of running on chip.
Another way to build an embedded service for complex

event detection is to use logic programming whereby several
approaches have been illustrated in [24], [4] and [20].
Hakeem and Shah [9] have presented a hierarchical event

representation for analysing videos. The temporal relations
between the sub-events of an event definitio are represented
using the interval algebra of Allen and Ferguson [1].
A well-known system for activity recognition is the Chron-

icle Recognition System (CRS). The language includes pred-
icates for persistence and event absence [3]. The CRS lan-
guage does however not allow mathematical operators in the
constraints of the temporal variables.
Consequently, CRS cannot be directly used for activity

recognition in video surveillance applications. Shet et al.
have presented a logic programming approach for activity
recognition [19]. The temporal aspects of the definition of
Shet, Davis et al. are not well represented, there are no rules
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for computing the intervals in which a complex event takes a
place.
In the ASP based approach for event recognition, however,

the availability of the full power of logic programming is one
of the main features. It further allows activity definition to
include spatial and temporal constraints. In particular, some
logical programming languages do not offer arithmetic oper-
ation built-ins and numeric constraints can affect decidability.
There are many interesting applications based on ASP [8] e.g.
in planning, reasoning about action, configuration diagnosis,
space shuttle control, spatial, temporal and probabilistic rea-
soning, constraint programming, etc.
The rest of the paper is organized as follows: Section 3

overviews a case study and a detailed description of the
proposed concept based on answer set programming. Then
section 4 describes the performance results of the concept
developed. Finally, section 6 presents concluding remarks
followed by an outlook of future works.

III. CASE STUDY: SMART RESOURCE-AWARE
MULTI-SENSOR NETWORK

The SRSnet project aims at constructing a smart resource-
aware multi-sensor network. The goal is to deploy a sensor
network consisting of both video and audio sensors and that
is capable of detecting complex events in a given environment
with limited infrastructure (relating to power and wireless
communication). This especially means that there is no access
to a power grid and thus the sensor nodes must be able
to operate on battery and renewable energy for as long
as possible. As a multimedia sensor network, the SRSnet
needs not only to record and transmit sensor information but
also perform on battery and renewable energy for as long
as possible. As a multimedia sensor network, the SRSnet
needs not only to record and transmit sensor information but
also perform on-board data processing. In this case, object
detection, localization and tracking will be performed using
audio and video data. An integral part of the SRSnet project
is the detection of high level events. Low level events detected
by audio and video processing are the bricks for higher-
level complex events. Additionally, the network must react
to events and to new task assignments. This requires the
presence a module for dynamic network reconfiguratio which
task is to reconfigur sensor parameters and nodes according
to events, task assignments and resource requirements. This
module receives information on detected events and on the
current orientation of PTZ cameras as input. A resource aware
multimedia sensor network like SRSnet can be deployed in
environments like national parks to help protect sensitive
environments. We will demonstrate our project in the National
Park Hohe Tauern in Austria. To archive events and provide an
interface to users, we do use a multimedia data warehouse to
collect detected events and multimedia artefacts. Users can
then query the database for interesting events in time and
space. The data warehouse is meant to be deployed outside of
the sensor network itself (i.e. as a cloud or Internet service). To
feed information into the data warehouse we use web services
which are called from the network. This architecture enables

us to save energy by only connecting to the data warehouse
on demand. A persistent connection is not needed. Figure 1
shows an overview of the SRSnet project parts and the data
fl w between them.
Figure 1 shows an overview of the SRSnet project parts and

the data fl w between them.

Fig. 1. The components of SRSnet and the data fl w between them. Bulbs
indicate fl w of data while lightnings indicate operations or actions.

A. Complex Event Detection based on Answer Set Program-
ming

A logic program in the language of AnsProlog (also know-
nas A-Prolog) is a set of rules of the form:

a0 ← a1, ..., am, notam+1, ..., notan (1)

where 0 ≤ m ≤ n,each ai is an atom of ai propositional
language and not represents negation − as − failure. A
negationas- failure literal (or naf-literal) has the form not a,
where a is an atom. Given a rule of this form, the left and
right hand sides are called the head and body, respectively. A
rule may have either an empty head or an empty body, but not
both. Rules with an empty head are called constraints, while
those with an empty body are known as facts. A definit rule
is a rule which does not contain naf-literals, and a definit
program is composed solely of definit rules [29].
Let X be a set of ground atoms. The body of a rule of

the form (1) is satisfie by X if {am+1, ..., an}
⋂

X = φ and
{a1, ..., am} ⊆ X . A rule with a non-empty head is satisfie
by X if either its body is not satisfie by X , ora0 ∈ X . A
constraint is satisfie by X if its body is not satisfie by X .
Given an arbitrary program, Π and a set of ground atoms, X ,
the reduct of Π w.r.t. X , ΠX , is the definit program obtained
from the set of all ground instances of Π by:
1) deleting all the rules that have a naf-literal not a in the

body where a ∈ X , and
2) removing all naf-literals in the bodies of the remaining

rules.
A set of ground atoms X is an answer set of a program Π

if it satisfie the following conditions:
1) If Π is a definit program, then X is a minimal set of

atoms that satisfie all the rules in Π.
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2) If Π is not a definit program, then X is the answer set
of ΠX . (Recall that ΠX is a definit program, and its
answer set is define in the firs item [29].

Logic programming can be extended to allow us to represent
new options for problems in the head of the rules. ASP gives
us this ability with ordered disjunctions. Using ASP under
specifi conditions, reasoning from most preferred answer sets
gives optimal problem solutions.
Through Logic Programs with Ordered Disjunction

(LOPDs) such as normal logic programs we are able to express
incomplete knowledge through the use of default negation.
This allows us to represent performances among intended
properties of problem solutions which depend on the current
context [5]. Also, expressing properties in NP (i.e. properties
whose verificatio can be done in polynomial time), where
answer sets of normal logic programs can be generated through
solutions and polynomial time proofs for such properties. The
solution of such problems can be carried out in two steps [7]:
1) Generate a candidate solution through a logic program
2) Check the solution by another logic program

ASP provides the combination between spatial and temporal
relationships among sensor nodes, where this combination
helps to detect different scenarios in a logic sequence of
events.
Complex event detection (generally) in audio video sensor

networks is based on three main steps: a) the firs step is
the extraction of features using object recognition and object
tracking algorithms; b) then the definitio of scenarios and
of the rules to detect simple events, like walking, running,
shouting, etc.; c)finall , is the detection of complex events
by combining the simple events together to detect a complex
scenario. In the development of video understanding systems
(outdoors systems) the geometric correction is needed for the
description of region of interests in the image or to detect
the coordination of moving objects nearby important regions.
However, in multi media sensors network ( i.e., audio and
video) the extraction of features from video-audio streams is
the basic processing. Then data fusion is needed to combine
data or in formation to estimate or predict entity states.
Data fusion techniques combine data from multiple sensors
to achieve more specifi inferences than could be achieved
by using a single, some proposed techniques are in [6]. Most
common solutions are based on numerical properties. Still,
fusion of multiple cameras views is also needed to monitor
a specifi area; hereby the problem of overlapped individual
views is a complex problem. For building an event detection
system based on Answer Set Programming (ASP). We have
to design a knowledge base (KB) and to defin the ASP rules
to detect the desired events.

B. The Structure of the Knowledge Base

The structure of our knowledge data base consists of differ-
ent entities, the most important two parts are: the object entity
and the sound entity.
Object entity: object types are observed from sensors e.g.
person, dog, car, etc.
Each object has the following properties:

• objectId
• hasObjectType
• hasSpeed
• hasDate
• hasTime
• hasDirection
• hasCameraId
• hasFrameId
• hasX
• hasY
• hasUncertaintyType
• hasUncertaintyCorType
Sound entity: sound types are observed from sensors

e.g. shot, scream and howl, etc. Each sound entity has the
following properties:

• hasSoundType
• hasSoundArrayID
• hasSoundTime
• hasSoundDate
• hasSoundCorX
• hasSoundCorY.
• hasUncertaintySoundcCor.
• hasUncertaintySoundType
The knowledge base is used as input for the solver to

generate the answer sets, which present the detected simple
and complex events.

C. The defined rules based on Answer set Programing

The scene context plays a major role during the detection
of an event. The objects have two different types of features,
sound features and video features. These features are extracted
from audio/video subsystem. The rules consist of:
1) The specificatio of the direction (the directions of

the objects are divided in 8 different directions, south,
southEast, southEastEast,..etc).

2) The specificatio of the zones (the project area is divided
in different zones, children zone, forbidden zone,...etc).

3) The specificatio of the sound entity and the object
entity.

Uncertainty can not be avoided in practical visual surveillance
applications. We consider now one class of uncertainty, the one
called detection uncertainty. Detection uncertainty is a part of
our knowledge base. We consider two types, the firs one is
the uncertainty of the localization and the second one is the
uncertainty of the object type classification We are getting
these uncertainty values from the low level feature extraction.
In the actual phase of our project we do not have to consider
the logic uncertainty since our rules in the KB are always true.
We use a real-value weight to represent the confidenc of each
rule in the knowledge base.
As an example, to detect a complex event such as a

running group of persons, we need to identify at least two
persons. If the distance between these two persons is less
than 3 meters and both are running, then the whole group
is running. The condition on the distance is specifie in
the predicate near(X1, X2), where X1 and X2 present the
observed persons:
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near(X1,X2):-
X1!=X2,
dist(X1,X2,D),
D<3,
hasObjectType(X1,OT1),
hasObjectType(X2,OT2),
OT1=person,
OT2=person,
hasTime(X1,T1),
hasTime(X2,T2),
T1=T2.

As test scenario, for illustration, the detection of the complex
event that (a group of people is running in different directions)
is happening when at least there are three persons nearby each
other and they are moving in three different directions , i.e.
northWest, northEast, southEast. and at the same time.
The last three conditions make sure that the detected persons
are not the same.

diffDirections9(X1,X2,X3):-
northWestWest(X1),
northEast(X2),
southEast(X3),
near(X1,X2),
near(X2,X3),
hasTime(X1,T1),
hasTime(X2,T2),
hasTime(X3,T3),
T1=T2,
T2=T3,
T3=T1.
X1!=X2,
X2!=X3.
X1!=X3.

IV. RESULTS

To measure the runtime behavior of the answer set program-
ming approach, we performed several tests on an embedded
platform that will also be used in the SRSnet project. We
use Atom-based embedded boards as example platforms. We
tested all algorithms on pITX-SP 1.6 plus board manufactured
by Kontron1. The board is shown in Figure 2. It is equipped
with a 1,6 GHz Atom Z530 and 2GB RAM.
The evaluation of our system is done for different scenes.

The test environment is a park place, equipped with several
cameras and audio arrays. The events we define are divided
in two groups: simple and complex events. After conducting
experiments on a benchmark dataset, we realized that, when-
ever the accuracy of the detection is high, then our detection
ratio is over 94% for all complex events, see table 1.
The following results have been obtained: the average

execution time to detect all simple and complex events is 0.4
seconds, the minimum execution time is 0.39 seconds and the
maximum execution time is 0.4 seconds. The number of ASP
simple rules is 16 and the number of ASP complex rules is 8.

1http://www.kontron.com

Fig. 2. The pITX-SP hardware platform used in our tests.

The complex event Specificit Sensitivity
A group of persons are running 100% 98.4%
A group of persons are fightin 89% 94.4%
A group of persons are running in
different directions 92.1% 96.2%

TABLE I
THE PERFORMANCE OF THE REASONING SYSTEM

The Average number of the features in the knowledge base is
980 features.
The results show that a complex event detection can be

executed once or twice a second; this enables the audio/video
subsystem to collect sufficien data for detecting the next
complex events. For the evaluation we use iClingo2 as a
solver for ASP [8]. It is written in C and can run under
Windows and Linux. The reason of the high performance of
ASP on chip that the representation of the knowledge base
and the solver size are not expensive. The Solver is 47 Kilo
byte and is written in C, where most of the existed hardware
platforms are able to execute it. Using the full power of
spatial and temporal reasoning of ASP systems which are
composed of grounders and supported with extremely efficien
implemented solvers. Grounder as a gringo3 can evaluate
recursive Queries efficientl . Moreover, the search in a solvent
such Clasp4 enormously powerful. Clasp is as good as modern
SAT solvers and also supports with the treatment of positive
internal recursion and Weight Constraints.
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VI. CONCLUSION AND OUTLOOK

The detection of different events or situations has become an
important topic in audio and video surveillance systems within

2http://potassco.sourceforge.net
3http://potassco.sourceforge.net
4http://potassco.sourceforge.net
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the last years. Many logic based event detection systems are
build in the last years but most of the used paradigms have
their advantages and disadvantages. It is very important by the
development of video-audio under standing systems (outdoors
systems) to use the paradigm of ASP.
ASP is expressive, convenient, and supports formal declar-

ative semantics. We found out that ASP can be used to detect
a large number of simple and complex events within less than
0.4 seconds. We proved that ASP is an appropriate solution
for complex event detection systems in multi sensors networks
in limited resources platforms. In our future work, we will use
rule decisions systems which generate decision rules based on
decision tables. Using Rough-set theory and genetic algorithms
we integrate the generated rules in ASP for the detection of
events where it is not possible to describe the related behavior.
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Abstract---in view of the application of chaos 
concepts to the situation at the slits of a double 
slit system, it is proposed that a photon or 
particle that contributes to a positive slope region 
in an interference pattern formed by a double slit 
system, is more likely to have passed through the 
left slit of the double slit system, (as viewed from 
the source), and a particle or photon which 
contributes to a negative slope region of the 
interference pattern is more likely to have passed 
through the right slit thereof.  An experiment is 
proposed that could support the proposal, and 
allow near simultaneous measurement of particle 
position and momentum. 
 
Key terms: Heisenberg uncertainty principle, 
double slit experiment, interference pattern, 
particle, photon. 
 
I.  Background 
 
     The Heisenberg Uncertainty Principle holds that 
uncertainty in a measurement of a photon or 
particle’s position times the uncertainty of a 
measurement of its momentum must always exceed 
a quantity closely related to Plank’s constant.  
Further, it is generally considered that the 
Heisenberg Uncertainty Principle governs formation 
of an interference pattern when photons or particles 
are directed toward a double slit system, such that at 
least some of them pass through a slit and impinge 
on a screen.   In particular, as the momentum of a 
photon or particle directed toward the slits can be set 
with arbitrary accuracy, based on the uncertainty 
principle it is generally believed that it is impossible 
to know anything about through which slit it passes.   
Further, as it is possible to measure where on a 

screen a photon or particle impinges with arbitrary 
accuracy, it is generally accepted that it is impossible 
to know anything about its lateral momentum, hence  
through which slit it passed.         
 
     To explain how the uncertainty principle applies 
to a double slit system, in Chapter 37 of the 
“Lectures On Physics”, Addison Wesley, 1963, 
Feynman describes an experiment proposed by 
Heisenberg, with an eye to overcoming the 
Uncertainty Principle.   The idea involves placing a 
plate containing double slits on rollers so that if a 
particle passes through one slit thereof, it will 
transfer momentum to the plate in one direction, and 
if it passes through the other slit momentum will be 
transferred to the plate in the opposite direction.    It 
is proposed that this momentum transfer could be 
monitored to determine through which slit the 
particle passed.  The problem that presents, however, 
is that the slit location then becomes uncertain.    
Again, the proposed approach does nothing to 
challenge the Uncertainty Principle.  Feynman 
concludes Chapter 37 by saying that no one has been 
able to measure both position and momentum of 
anything with any greater accuracy than that 
governed by the Uncertainty Principle, but in a 
recorded lecture added that someone, sometime 
might figure it out, (which served as my 
encouragement to try, leading to Section IV herein). 
 
     Batelaan, in Chp. 2 of “Wave-Particle Duality 
with Electrons” (9) states that to date no-one knows 
what a particle does in a double slit system. 
 
     An article by Mittelstaedt et al. titled “Unsharp 
Particle-Wave Duality in a Photon Split-Beam 
Experiment”, Foundations of Physics, Vol. 17, No. 
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9, 1987 is identified.   This article reported that “in a 
quantum mechanics two-slit experiment one can 
observe a single photon simultaneously as a particle 
(measuring the path), and as a wave (measuring the 
interference pattern) if the path and interference 
pattern are measured in the sense of “unsharp 
observables”.    However, it is noted that the 
interference pattern is altered by the Mittelstaedt et 
al. approach, therefore uncertainty in the photon 
momentum is increased.   This experiment therefore 
does nothing to challenge the Uncertainty Principle 
 
     Another reference, “Optics”, Hecht, Addison-
Wesley, 1987 is also disclosed as in Chapter 10 
thereto, it provides an excellent mathematical 
description of the Double Slit experiment.   
 
II. Challenge to the Uncertainty Principle 
 
     Continuing, in a letter published in the ISAST 
Transactions on Computers and Intelligent Systems, 
No. 2, Vol. 2, 2010 (ISSN 1798-2448) Welch 
disclosed an approach to improving the probability 
of knowing which slit, in a double slit system, a 
photon or particle passed in formation of an 
interference pattern.   Briefly, a reference 
interference pattern is formed on a reference screen 
(SC), (see Fig. 1), by firing a multiplicity of photons 
or particles thereat from a source, (or by 
calculation).    Next a test screen (SC’), (again see 
Fig. 1), is placed nearer to the source than was the 
reference screen (SC) and a single similar photon or 
particle is fired there-toward.    Next, lines are 
projected from each slit through the location on the 
test screen (SC’) whereat the single or photon or 
particle impinged.     It was forwarded that the line 
projection which intercepted the reference pattern at 
a higher intensity location thereof, indicated the slit 
(SL1) (SL2) through which it was more likely the 
single photon or particle passed.    While not 
specifically mentioned in the cited ISAST letter, it is 
noted that the momentum of the single photon or 
particle   which    at     and    impinges on   the    test 
screen is set ---exactly--- by the source thereof, and 
the location at which the single photon or particle 
impinges on the test screen in measured --exactly--.    
That is, there is no inherent Heisenberg-type source 
of uncertainty in either the identified set momentum 

or measured position of the single photon or particle 
that is caused to impinge on the test screen.    Hence, 
in the Heisenberg sense, because the momentum of a 
 photon  or  particle   approaching   the  slits  can   be   

 
              Fig. 1, from “The Uncertainty of Uncertainty”, 
                 in the ISAST Transactions on Computers  
                 and Intelligent Systems, No. 2, Vol. 2, 2010. 
 
set with unlimited certainty, it is impossible to know 
anything about its location, hence which slit it 
passes.    As well, since it is possible to measure the 
position at which the photon or particle impinges on 
the test screen with unlimited certainty, it is again 
impossible to know anything about its lateral 
momentum when it impinged on the test screen.  
That being the case, again, Heisenberg’s principle 
holds that one cannot know which slit the photon or 
particle passed in its approach to a test screen.    
 
     In a paper published in the ISAST Transactions 
on Computers and Intelligent Systems, No.1 Vol. 3, 
2011 (ISSN 1798-2448), titled “The Welch 
Certainty Principle” (2), Welch demonstrated that 
practice of his method which utilizes a reference 
pattern as disclosed in “The Uncertainty of 
Uncertainty” (1) article, leads to the conclusion that 
it is always more likely that a photon or particle 
which proceeds through a left slit, (as viewed from 
the source thereof), in a double slit system is more 
likely to contribute to a positive slope region of an 
interference pattern, and   that it is always more 
likely that a photon or particle which proceeds 
through a right slit, (as viewed from the source 
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thereof), in a double slit system is more likely to 
contribute to a negative slope region of an 
interference pattern.   This result, it is emphasized, 
was based on use of a reference pattern to which a 
photon or particle which impinges on a test screen is 
compared.  (The reference pattern was described as 
having been formed on a reference screen before the 
single photon or particle is caused to impinge on the 
test screen, which reference screen is positioned 
behind the test screen,).    The basis for this proposal 
is that projections from both slits through the 
position on the test screen at which the single photon 
or particle impinged, provides insight that one of the 
projection lines was progressing along a trajectory 
that would lead it to intersect the reference pattern at 
a higher probability location thereof.     
 
       Fig. 2 demonstrates the scenario just described.  
Note that a reference pattern is shown as present on 
screen (SC), and that four lines therein are projected 
from the center point between the slits (SLL) and 
(SLR) through four points on test screen (SC’), such 
that they project to beneath positive (+) and a 
negative (-) slope regions on each of the right and 
left sides of the interference pattern.    To reduce 
clutter, associated with each of said centerline 
projections are shown only partial projected lines to 
each of the slits (SLL) and (SLR), with that 
corresponding to the highest intensity location on the 
reference interference pattern on screen (SC) 
identified.      

 
                  Fig. 2 Demonstration of the Welch 
                      Certainty  Principle.    

Figs. 3a and 3b are included to aid with visualizing 
the significance of the slopes associated with both 
the projections from the slits through a point on 
screen (SC’) and of the reference pattern on screen 
(SC).      
                                  
      It is specifically noted, as it is critical to 
understanding the Welch approach, that on either the 
right or left side of the interference pattern on screen 
(SC), a line projected through a point on screen 
(SC’) from the left slit (SLL) intercepts a location on 
screen (SC) associated with a higher intensity of a 
positive slope region of the reference interference 
pattern, and a line projected through a point on 
screen (SC’) from the right slit (SLR) intercepts a 
location on screen (SC) associated with a higher 
intensity of a negative slope region of the reference 
interference pattern.    
 
  It was also previously disclosed that as the test  
screen (SC’)  can   be a  very small  

 
              Figs. 3a and 3b show slopes of line  
              projections from slits (SLL) and (SLR) 
              through a point on test screen (SC’), 
              on both sides of said slits. 
 
distance dx in front of the reference screen (SC), it 
can be projected that if an interference pattern is 
simply formed on a screen one photon or particle at 
a time, it can be concluded that if a photon or 
particle contributes to a positive slope region of the 
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emerging interference pattern, it more likely  passed   
through the left slit (as viewed from the source), and 
if it contributes to a negative slope region in the 
emerging interference pattern it more likely passed 
through the right slit (as viewed from the source).   
And, importantly, there is no Heisenberg-type 
uncertainty associated with this knowledge.    This is 
in direct contradiction to the Heisenberg principle as 
it provides some knowledge as to which slit in a 
double slit system a photon or particle passes, where 
the momentum thereof as it approached the slits was 
set with unlimited certainty.       
 
     It is suggested that application of the reference 
Interference pattern in the Welch approach provides 
that the measurement of position of a single photon 
or particle on the test screen, with unlimited 
certainty, adds some momentum information to that 
position measurement.    And, realizing that the 
reference screen (SC) can be a dx away from the test 
screen (SC’), as dx goes to 0.0, this provides insight 
that the measurement of position of the single 
photon or particle on the test screen directly includes 
effective inherent momentum information.   And this 
inherent momentum information is sufficient to 
provide a certain knowledge that it is more likely 
that the single photon or particle being considered 
passed through one of the slits.   This, again, is in 
violation of the Uncertainty Principle as it is 
presently interpreted.    
 
      It is emphasized that the described Welch 
approach can be considered as practiced in a double 
slit system comprising a distance between the slits 
(SLL) (SLR) and the test screen (SC’) which is the 
minimum consistent with formation of an 
interference pattern, (as opposed to two diffraction 
patterns, one for each slit), and the distance from test 
screen (SC’) and screen (SC) upon which is formed 
the reference interference pattern can be considered 
as dx, (where dx approaches 0.0).    The important 
point is that the relationship between the various 
slopes of the lines projected from the slits through a 
point on test screen (SC’) to reference screen (SC), 
and the slopes associated with the reference 
interference pattern on reference screen (SC) 
remains unchanged.   Further, as the distance dx test 
screen (SC’) and screen (SC) upon which is formed 

the reference interference pattern can be considered 
as essentially “0.0”, one can recognize that an 
interference pattern being formed one photon or 
particle at a time on test screen (SC’) as being 
formed by a photon or particle which most likely 
passed through left slit (SLL) if it contributes to a 
positive (+) slope region of the forming interference 
pattern, and as being formed by a photon or particle 
which most likely passed through right slit (SLR) if 
it contributes to a negative (-) slope region of the 
forming interference pattern. 
 
      (Note, Figs. 1 - 3 express an “after the fact”, of a 
photon or particle impinging on a screen, approach 
to showing which slit (SLL) (SLR) it is more likely a 
photon or particle passed in the forming of an 
interference pattern, which approach makes use of a 
reference interference pattern on a reference screen  
(SC)), (at least in its derivation).  
 
III.  Additional Challenge to the  
       Uncertainty Principal 
   
     With the foregoing review in mind, attention is 
now turned to a “before the fact”, of a photon or 
particle impinging on a screen (SC) (SC’), approach 
to arriving at the same result as described in the 
foregoing “after the fact” approach.  This results 
from focusing on application of Chaos properties to 
photons or particles that pass through a slit of a 
double slit system.   That is, the foregoing “after the 
fact” approach utilizes a reference pattern and looks 
at the situation after the fact of a photon or particle 
impinging onto a test screen, while the following 
looks at situation before a photon or particle 
impinges on a screen in formation of an interference 
pattern, in light of Chaos effects at a slit. 
 
     Turning now to Fig. 4, there is shown the well 
known pattern of interfering wavelets, wherein, 
simultaneously, one thereof emerges from a left slit 
of a double slit system and the other from the right 
slit thereof.   As better discussed with respect to Fig. 
5, one said wavelet is considered herein to be 
associated therewith the photon or particle per se.   
That is, it is assumed herein that the photon or 
particle does not split into two parts and pass 
through both slits as some people suggest. 
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                  Fig. 4 shows interfering wavelets 
                      in a double slit system. 
 
Note that (M=O), (M=1) and (M=2) identifiers are 
present.  Said identifiers pertain to where in a 
resulting interference pattern peaks appear, and lines 
(M0) (LL1), (LL2), (RL1) and (RL2) project to peak 
locations in an interference pattern formed on a 
screen such as (SC) in Figs. 1 and 2. 
 
     Fig. 5 demonstrates how a photon or particle 
passing through a slit, in view chaos effects based on 
initial conditions as to where within the width of the 
slit the photon or particle is as it passes therethrough, 
will be more likely to follow along an (M=0), (M=1) 
or (M=2) etc. path. 

 
                 Fig. 5 indicates chaos influenced  
                    M=0, M=1 and M=2 regions for a  
                    photon or particle exiting the right  
                    slit in a double slit system .       
 
     The important thing to notice is that angles Theta 
1 ( 1) and Theta 2 ( 2) in Fig. 4 are centered at the 
midpoint between the slits (SLL) and (SLR), and 
that lines lines (M0) (LL1), (LL2), (RL1) and (RL2) 
project to peak locations on a screen (SC), while slits 

(SLL) and (SLR) are offset from that midpoint to the 
left and right respectively    It is proposed that 
photons or particle exiting slit (SLL) will more 
likely stay to the left of lines (M0), (LL1), (LL2), 
(RL1) and (RL2) and that a photon or particle 
exiting slit (SLR) will more likely stay to the right of 
lines (M0), (LL1), (LL2), (RL1) and (RL2)  as they    
approach   a   screen (SC)” along a “least action” 
path toward an interference pattern  constructive 
phase addition  peak “attractor” location.  
 
     Figs. 6a – 6c show that   a     likely   consequence 

 
 
                      Fig. 6a – 6c demonstrates to where 
                      M=0, M=1 and  M=2,  as   shown 
                      in Figs. 4 and 5,   correspond   in  
                      associated  interference  patterns. 
      
 
of this is that a photon or particle exiting the left slit 
(SLL) will contribute to a positive slope region in an 
interference pattern and that a photon or particle 
exiting the right slit (SLR) will contribute to a 
negative slope region in an interference pattern as 
was determined with respect to the “after the fact” 
scenario wherein a reference interference pattern on 
a reference screen (SC) was applied to determine the 
same conclusion.     This is not to be taken to mean 
that it is absolutely impossible for a particle exiting a 
left slit (SLL) to contribute to a negative slope 
region of an interference pattern, or for a photon or 
particle exiting a right slit (SLR) to contribute to a 
positive slope region, but rather is meant to indicate 
that the author knows of no forces that could cause 
that to occur other than, perhaps an occasional 
scattering event.  As described in previously 
published ISAST article titled “The Welch Certainty 
Principle” (2), with respect to Fig. 4 therein, 
(repeated as Fig. 7 below), to arrive at such a result 
would require photons or particles generally follow a 
very unnatural path after leaving a slit (SLL) (SLR).   
On the average this is not expected, nor is it 
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accounted for in interference pattern predicting 
mathematics.  

 
                   Fig. 7 demonstrates a very unlikely  
                  photon or particle path which if  
                  possible casts doubt on the Welch 
                 Certainty Principle. 
 
     As discussed in the “The Welch Certainty 
Principle” (2), if a photon or particle could travel 
between a slit (SLL) SLR) to a screen (SC) (SC’) 
along a path as shown in Fig. 7, the result would be 
to invert the interpretation promoted herein in the 
“after the fact” approach.   A similar adverse result 
would attach in the “before the fact” approach as it 
would not be more likely that a photon or particle 
would travel along a more direct path that would 
keep it to the left of a line or right of a line (M0) 
(LL1), (LL2), (RL1) and (RL2) for left and right slits 
(SLL) and (SLR), respectively. However, this would 
violate “least action” and on the average is nit 
expected.  
 
IV.   Proposed Experiment 
 
    Continuing, as Science always seeks experimental 
verification of any theoretical proposal, it is 
suggested that a verifying experiment could be 
performed with a double slit system comprising a 
test screen (SC’), (not the slits as proposed and 
rejected in Feynman  (4)), mounted so that it can, in 
a monitorable manner, move to both the left and 
right, and return to a central location between tests.   
If a test particle impinges into such a screen it will 
impart its lateral momentum thereto and the screen 
will move.  Further, Fig. 4 indicates that a particle 
exiting the left slit (SLL) and proceeding to the right 
has a greater lateral component than does a particle 
exiting the right slit (SLR) and moving to the right, 
and that a particle exiting the right slit (SLR) and 
moving to the left has a greater lateral component 
than does a particle exiting the left right slit (SLL) 

and moving to the left.  Therefore it is proposed that 
a particle exiting the left slit (SLL) and contributing 
to a positive (+) slope region in the Interference 
Pattern to the right of its Center will cause the test 
screen (SC’) to move more than will a particle 
exiting the right slit (SLR), and that a particle exiting 
the right slit (SLR) and contributing to a negative (-) 
slope region in the Interference Pattern to the left of 
its Center will cause the test screen (SC’) to move 
more than will a particle exiting the left slit (SLL).   
(Note, the exact position at which the particle 
impinges on the screen ---and--- the momentum with 
which it arrives thereat (as indicated by test screen 
(SC’) movement), would be nearly  simultaneously 
measured).  Further, the relative value of the 
momentum, as indicated by the amount by which the 
test screen (SC’) moves, would indicate which slit 
the particle passed.   Ideally, as Figs. 6a – 6c 
suggest, every particle exiting a left slit or right slit 
will be identified by the amount of momentum they 
impart to the test screen (SC’) at the point upon the 
Interference Pattern to which they contribute.  That 
is, ideally, every particle exiting the left slit (SLL) 
and proceeding to the right will contribute its 
momentum to a positive (+) slope region of the 
interference pattern, and every particle exiting the 
right slit (SLR) and proceeding to the left will 
contribute its momentum to a negative (-) slope 
region of the interference pattern, as indicated by the 
magnitude of the test screen (SC’) movements, but 
at least that effect should be found to be true “on the 
average”.  That is, to the right of Center in 
Interference Pattern, a particle contributing to a 
positive (+) slope region, (from the left slit (SLL)), 
should cause a greater test screen (SC’) movement 
than does a particle which contributes to a negative 
(-) slope region (from the right slit (SLR)); and to 
the left of Center of the Interference Pattern a 
particle contributing to a negative  (-) slope region 
(from the right slit (SLR)) should cause a greater test 
screen (SC’) movement than does a particle which 
contributes to a positive (+) slope region (from the 
left slit (SLL), if what is presented in this paper is 
valid.    Further, the experiment could be repeated 
with the test screen at various distances from the 
slits and a map of momentums, perhaps including 
perpendicular motions, developed.  This might show 
unexpected particle motions.  And, even if the 
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premise in this paper is not correct, the results of the 
experiment described would provide valuable insight 
to what is valid.    It would also be of benefit to 
make the surface of the slits screen facing the 
particle source, a detector of particles.  This could 
allow accounting for all particles fired at the slits.  
For instance, it might be discovered that a particle 
thought to have missed the slits, actually contributed 
to the interference pattern in a non-observed manner. 
Finally, it is the author’s opinion that a moving 
particle or photon has associated therewith a wave 
which acts like a wave.   When the wave splits into 
two pathways the photon or particle accompanies 
one thereof.    If both paths converge, interference 
determines where the photon or particle can appear.  
If the paths don’t converge, the particle just follows 
along the path it is on, like it would without the 
effect of wave interference.  
 
V. Conclusion 
      
      Two approaches point to the conclusion that it is 
possible to know which slit of a double slit system it 
is more likely that a photon or particle (having 
known, with certainty, momentum as it approaches 
the slits), passed in the formation of an interference 
pattern.  One approach is termed “after the fact” and 
the other “before the fact, (of a photon or particle 
impinging on a test screen).  The “after the fact” 
approach involves application of a reference 
interference pattern, at least in derivation of the 
approach, and is based on observing where, in an 
emerging interference pattern, a photon or particle 
contributes thereto, (ie. where a photon or particle 
impinges on a test screen).   The “before the fact” 
approach looks to chaos effects, based on where a 
photon or particle is within the width of a slit it 
passes through, and how a photon or particle passing 
through a slit is encouraged by interfering wavelets 
from the two slits to proceed toward one or another 
of the peak regions in an interference pattern.  Both 
approaches lead to the same conclusion that it is 
more likely a photon or particle passes through the 
left slit (as viewed from the source thereof), of a 
double slit system, if it contributes to a positive 
slope region of a formed or forming interference 
pattern, and it is more likely that the photon or 
particle passes through the right slit if it contributes 

to a negative slope region thereof.   An experiment, 
which could allow simultaneous measurement of 
particle position and momentum to test the proposal, 
is also suggested. 
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Decision Level Fusion of Visual and Acoustic
Features of the Driver for Real-time Driver

Monitoring System
H. D. Vankayalapati1 , K. R. Anne2 , and K Kyamakya1

Abstract—Poor attention of drivers towards driving can cause
accidents that can harm the driver or surrounding people. The
poor attention is not only caused by the drowsiness of the
driver but also due to the various emotions/moods (for example
sad, angry, joy, pleasure, despair and irritation) of the driver.
The emotions are generally measured by analyzing either head
movement patterns or eyelid movements or face expressions
or all the lasts together. Concerning emotion recognition visual
sensing of face expressions is helpful but generally not always
sufficient. Therefore, one needs additional information that can
be collected in a non-intrusive manner in order to increase the
robustness of the emotion measurement in the frame of a non-
intrusive monitoring policy. We find acoustic information to be
appropriate, provided the driver generates some vocal signals by
speaking, shouting, crying, etc. In this paper, appropriate visual
and acoustic features for emotion recognition applications are
identified based on the experimental analysis. For visual and
acoustic features, Linear Discriminant Analysis (LDA) technique
is used for dimensionality reduction and Hausdorff distance is
used for emotion classification. The performance is evaluated by
using the different emotional recognition databases namely In-
dian face database for visual emotion recognition, Berlin database
for acoustic emotion recognition and Vera am Mittag (VAM)
database for both visual and acoustic emotion recognition. We
propose a decision level fusion technique, to fuse the combination
of visual sensing of face expressions and pattern recognition from
driver’s voice. The result of the proposed approach is evaluated
over the VAM database with various conditions.

Index Terms—Driver Monitoring System, Acoustic features,
Visual features.

I. INTRODUCTION

Driving is one of the most dangerous tasks in our everyday
lives. The road safety has become an important issue through
out the world. Globally over 1.2 million people were died
in road accidents every year and 20-25 million people were
suffered from the non-fatal injuries. In year 2000, 40,000 peo-
ple were killed, 1.7 million people were injured on European
roads. The estimated losses were around 160 billion Euros [2].
The situation is much worse in developing countries, where
the education level of the driver is comparatively low. As per
the statistics of National Crime Records Bureau (NCRB) in
the year 2006, India reveals at least 13 people were died
every hour in road accidents in India [3]. In trucking industry,
57% of the truck accidents are also due to the driver fatigue
[1]. This shows that the driving scenario needs supervision.

1Institute of Smart System Technologies, Transportation Informatics Re-
search Group,University of Klagenfurt, Klagenfurt, Austria.

2 Department of Information Technology, TIFAC-CORE in Telematics, VR
Siddhartha Engineering College, Vijayawada, India.

Here manual supervision is impractical or impossible, and
drivers must monitor themselves to ensure that they do not
fall asleep and inattentive. The supervision is more important
in case of commercial drivers, who drive large vehicles for
long periods of time. Recent research shows that six out of
ten crashes are due to the late reaction (fraction of second) of
the driver [5], [4]. Therefore, to improve road safety, we need
to control, record and monitor the driver status and behavior
related parameters. The emotion recognition is a growing field
in human-computer interaction systems. Thus, the necessity of
the driver monitoring systems is increasing day by day.

Driver monitoring plays a major role in order to assess,
control and predict the driver behavior. The research concern-
ing driver monitoring systems was started nearly from the
1980’s. In the early of research, researchers developed indirect
approach of driver monitoring systems based on inferring
both driver behavior and state from the observed/measured
vehicle performance. However, these indirect approaches heav-
ily depend upon vehicle and road conditions (e.g. quality of
lane markings, alternate lane markings during road repairs)
as well as on environmental conditions (e.g. shadow, rain
and night vision) [5], [10]. These drawbacks have drawn the
researcher’s interest to directly monitoring the driver behavior.
Thus, a second class of approaches does directly measure
driver physiological characteristics but in an intrusive way by
involving measurement systems such as the Electroencephalo-
gram (EEG) which monitors brain activities [9], [8], the
Electrocardiogram (ECG) which measures heart rate variation,
the Electrooculogram (EOG) which monitors eye movement,
the skin potential level measurement techniques, etc [6], [13],
[18]. These methods of the second class of approaches do need
the driver’s cooperation as the electrodes are attached directly
to the driver’s body. Due to an expected very limited user
acceptance of these intrusive methods in normal vehicles, they
are more realistic for a daily use rather only in health care or
similar special vehicles. A further problem is that the intrusive
apparatus involved in these methods may itself contribute to
the driver’s distraction and fatigue.

And more recently, a significant research has been focusing
on developing non-intrusive techniques. These non-intrusive
approaches generally involve machine vision as an alternative
to a direct measurement of physiological characteristics and
they do not need any cooperation from the driver; they monitor
the driver behavior and status directly through visual sensors
[7], [8]. Visual sensors are placed on the dash board to
measure, for example, eyelid movements (open/close interval
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of eyelid), head movements, mouth movements (yawning) and
face expression.

The first investigations to emotion recognition from speech
were conducted around the mid of the 1980s using statistical
properties of certain acoustic features [11]. Later, the evolution
of computer architectures introduced the recognition of more
complicated emotions from the speech. Certain features in the
voice of a person can be used to infer the emotional state
of the particular speaker. The real-time extracting the voice
characteristics conveys emotion and attitude in a systematic
manner and it is different from male and female [12]. The
research towards detecting human emotions is increasingly
attracting the attention of the research community. Nowadays,
the research is focused on finding powerful combinations of
classifiers that increase the classification efficiency in real-
life speech emotion recognition applications. Some of these
techniques are used to recognize the frustration of a user and
change their response automatically.

By using these multidimensional features, we recognize the
emotions such as drowsiness (sleepy), fatigue (lack of energy)
and emotions/stress (for example sad, angry, joy, pleasure,
despair and irritation). In this work, we recognize emotions
based on the visual and acoustic features of the driver. Here we
calculate the visual emotion and acoustic emotion separately
and fuse them by using linear distance measure.

This paper mainly addresses the following issues
• Significance of visual and acoustic features in identifying

the emotions individually in a scalable environment
• Studies the improvement that can be achieved by fusing

both the visual and acoustic features
• The effect of the algorithms in scalable environment by

verifying over different databases with significant change
in size, gender, race.

II. FEATURE BASED EMOTION RECOGNITION

Facial expressions and speech characteristics of the driver
form as crucial information in assessing the emotion of the
driver. Feature is a piece of information which specifies the
property or characteristics of an object. Generally in case of
visual information, features are classified as local features and
global features. Local feature means eyes, nose, mouth etc
which are visible in the image and global features means
transformation coefficients of global image decomposition.
Global features are presented in an entire image. In case of
acoustic information, features are mainly classified as temporal
and spectral features. Zero Crossing Rate (ZCR), Short Time
Energy (STE) are the examples of temporal features. Mel fre-
quency cepstral coefficient (MFCC) is an example of spectral
feature.

The overall approach of emotion recognition is illustrated in
Fig. 1. The first step in any recognition application is feature
selection. This feature selection improves the performance
of the recognition system. After identifying the appropriate
features, feature extraction is an essential for achieving good
performance in emotion recognition. Feature extraction ap-
proaches for visual and acoustic information are explained in
detailed in Section III. After feature extraction, high dimen-
sional feature vector is obtained from the visual and acoustic

Fig. 1. The overall architecture of the emotion recognition system based on
visual and acoustic information

information. In order to process the recognition in real time,
we have to reduce the dimensionality by using dimensional
reduction technique like PCA and LDA as explained in Section
IV. This step is called feature reduction. We classify the
emotion from the visual and acoustic features separately by
using the distance measure. Then combining these visual and
acoustic classification results at decision level. Finally we
estimate the emotion of the driver.

III. FEATURE SELECTION AND EXTRACTION

Feature selection and extraction is very important in emotion
recognition application. In visual and acoustic information, we
have many features. In feature selection, we only select the
appropriate features based on our emotion recognition appli-
cation. In visual information, global features are selected and
in acoustic information, pitch, zero crossing rate (ZCR), short
time energy (STE) and Mel Frequency Cepstral Coefficients
(MFCC) are selected based on the experimental validation
performed [18].

A. Visual Feature Extraction

In general, all image processing and emotion recognition
applications uses either local or global or the combination of
these two. the combined features are namely shape, texture,
color, or intensity to represent the facial image structure. It
has been seen from previous works that the appearance based
representations that uses the intensity or pixel values produces
the better result compared with other techniques [13]. In these
techniques, driver face images are stored as two dimensional
intensity matrix. The vector space contains different face
images and each point in the vector space represents an image
as shown in Fig. 2.

Almost all appearance based techniques use statistical prop-
erties like mean and covariance to analyze the image. Eigen
face method is one of the appearance based technique. This
technique calculates the eigenvalues and eigenvectors of the
co-variance matrix. Eigen vectors gives the variation in the
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Fig. 2. Image representation in the high dimensional space

face. Take the highest significant eigen vectors (principal
components) and neglect the less significant eigenvectors. This
technique determines the eigen vectors, if the face is known
face or a new face. Each column of the eigen vector represents
an eigen face [20]. Eigen faces look as a sort of ghost face.
So in this work, we mainly concentrate on the global features
of the driver’s face.

B. Acoustic Feature Extraction

Humans recognize emotions by observing what we say and
how we say it. Here ”how” is even more important than the
”what”. Many features are present in acoustic information. The
important acoustic features for emotion recognition are pitch,
zero crossing rate, short time energy, Mel Frequency Cepstral
Coefficients (MFCCs) etc.

The architecture of the emotion recognition system based on
acoustic features is shown in Fig. 3. The architecture depicts
the process of transforming given input speech signals to driver
emotions.

Fig. 3. The detailed architecture of the acoustic emotion recognition system

Pre-processing Filter: For real time emotion recognition
applications, the input data is recorded by using the audio
sensors like microphone, the recorded data may be affected by

Fig. 4. Illustration of various acoustic feature extraction: Extracted features
from the happy emotional audio file

noise due to the weather conditions or any other disturbances.
To reduce the noise affect, we performed first order high pass
filter operation [14].

Frame Blocking: When we analyze the recorded audio
signals or speech, most of the audio signals are more or
less stable within a short period of time. When we do frame
blocking, there may be some overlaps between neighboring
frames to capture subtle change in the audio signals [15].
For frame blocking, windowing operation is used to divided
the audio into the sequence of frames. While dividing, some
of the input data may be discontinuous. In order to keep
the continuity of the first and the last points in the frame(to
reduce the spectral leakage in the input data) hamming window
method is used.

After frame blocking, we have to check whether the audio
signal is voiced and unvoiced by checking the zero crossing
rate (ZCR) and shot time energy (STE) of the individual
frames. To estimate the emotions of the driver, features
like pitch, Mel frequency cepstral coefficient (MFCC) are
extracted.

Autocorrelation function is used to estimate pitch, directly
from the waveform [16]. xcorr function is used to estimate
the statistical cross-correlation sequence of random process.
We can estimate the fundamental frequency by using autocor-
relation function, peaks at delay intervals corresponding to the
normal pitch range in audio.

MFCC are the most widely used spectral representation
of audio signal. MFCC is based on known variation of the
human ear’s critical bandwidth with frequency. MFCC has
two types of filter which are spaced linearly at low frequency
below 1000 Hz and logarithmic spacing above 1000Hz [17].
MFCC parameters are calculated by taking the absolute value
of the FFT, warping it to a Mel frequency scale, taking the
DCT of the log-Mel spectrum and returning the first 13 (12
cepstral features+energy) coefficients [18]. The variation in the
different acoustic features for the emotion happy are shown in
Fig. 4.
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IV. FEATURE REDUCTION

The performance of emotion recognition heavily depends
upon the quality and size of the extracted feature set from
visual and acoustic information of the driver. The appearance
based linear subspace techniques use the statistical properties
like the mean and variance of the image/audio [19]. The
dimensionality of the feature set is reduced by using these
statistical techniques.

Principal Component Analysis (PCA), Independent Compo-
nent Analzsis (ICA) and Linear Discriminant Analysis (LDA)
are the appearance based linear subspace techniques. PCA uses
second order statistics. ICA uses higher order statistics. PCA,
ICA are not considering class information, LDA considers
class information. Among these techniques, LDA gives high
recognition rate and speed when compared with PCA [13],
[21], [19]. So LDA is used for dimensionality reduction from
both visual and acoustic features.

The emotion detection needs a database with a signifi-
cant number of variables. This means a high dimensionality
database is required [13]. This high dimensionality database
contains more similar features. In such situations, we need to
reduce the dimensionality by only selecting the non-correlated
features (information loss is very less) from the database.
Linear Discriminant Analysis (LDA) is one of the important
and popular dimensionality reduction technique [19].

A. Linear Discriminant Analysis (LDA):

For feature reduction, LDA is used. The main objective of
LDA is minimizing the within class variance and maximizing
the between class variance in the given data set [19], [22]. In
other words it groups the same class wave files and separates
the different class wave files. A class means the collection
of data belonging to same object or person. LDA finds the
optimal transformation matrix as to preserve most of the
information that can be used to discriminate between the
different classes. The LDA helps for better understanding of
feature data [19].

V. FEATURE CLASSIFICATION

In order to find the best match in LDA, we make use of
the distance measure classifier. The training set feature vector
with least distance gives the best match emotion with the
test sample. The Euclidean distance is commonly used linear
distance measure classifier in many applications.

A. Euclidean distance for emotion classification

The Euclidean distance distance gives the shortest distance
between the two sample files or vectors and it is same as the
pythagoras equation in 2 dimensions [23]. It is sum of the
square the distance of two feature vectors ytst, yi as shown in
Equation (1).

d2 = (ytst − yi)
T (ytst − yi) (1)

But this is sensitive to both adding and multiplying the
vector with some factor or value. So in this section we used a
special nonlinear metric which is able to compute the distance

between different sized matrices having a single common
dimension, like the visual/acoustic matrices representing our
sample feature vectors. It derives from the Hausdorff metric
for sets [24], [25].

B. Hausdorff distance for emotion classification:

The Hausdorff distance (HD) is a non-linear operator, which
measures the mismatch of the two sets. The Hausdorff distance
measures the extent to which each point of a ’model’ set lies
near some point of an ’sample’ set and vice versa. Unlike
most vector comparison methods, the Hausdorff distance is not
based on finding corresponding mode and speech points. Thus,
it is more tolerant of perturbations in the location of points
because it measures proximity rather than exact superposition
[26]. However, the Hausdorff distance is extremely sensitive
to outliers.

The distance between two points a and b is defined as shown
in Equation (2).

d(a, b) = ||a− b|| (2)

Here, we not only compute the distance between the point a
in the finite point set A and the same value b in the finite point
set B = b1, ..., bNb

, but also compute the distances between the
at and its two neighbor values bt−1 and bt+1 in the finite point
set B, respectively, and then minimize these three distances as
shown in in Equation (3) [25].

d(a,B) = min
b∈B

d(a, b) = min
b∈B
||a− b|| (3)

The directed Hausdorff metric h(A,B) between the two finite
point set A = a1, ...., aNa

and B = b1, ...., bNb
is defined in

Equation (4),(5) :

h(A,B) = max
a∈A

d(a,B) = max
a∈A

min
b∈B

d(a, b) (4)

h(A,B) =

{
max
a∈A

{
min
b∈B
||a− b||

}}
(5)

C. Classification based on visual features

The recognition performance has been systematically eval-
uated by considering different visual emotion recognition
algorithms. The results of the evaluation on LDA with the
use of hausdorff distance increases the performance as shown
in Fig. 5

D. Classification based on acoustic features

From the literature emotion recognition based on acoustic
information has been implemented on a variety of classifiers
including maximum likelihood classifier (MLC), neural net-
work (NN), k-nearest neighbor (k-NN), Bayes classifier, sup-
port vector classifier, artificial neural network (ANN) classifier
and Gaussian mixture model (GMM) etc [11].

The LDA performs considerably better when compared to
above classifiers for Berlin emotional database (EMO-DB
database) [27]. But the performance of LDA with Euclidean
distance is also not sufficient for real world applications. In
order to improve the performance (success rate and process
speed), we propose the nonlinear Hausdorff metric based LDA.
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Fig. 5. Performance comparison of different visual emotion recognition
techniques with 40 subjects

Fig. 6. Graphical representation of success rate of different classifiers on the
acoustic information with 40 subjects

By considering the Hausdorff distance measure instead of the
linear Euclidean distance measure, the success rate of the LDA
algorithm is increased by around 20% as shown in Fig. 6.

VI. SIGNIFICANCE OF THE DATABASES

The majority of the real world emotion recognition ap-
plications demand more robust, scalable and computationally
efficient techniques under complex viewing and environmental
conditions. For scalability issue, we evaluated the performance
of proposed emotion recognition system on different sizes of
the databases. We have different databases available for emo-
tion recognition application. In this work, the VAM Emotional
database is used for audio-visual emotion recognition. Indian
face database is used for visual emotion recognition and Berlin
emotional speech database is used for recognition of emotion
in speech.

A. VAM German emotional speech Database

in the recent yeas, many audio databases and visual
databases has been invested. But still there is a lack in the
spontaneous audio-visual emotional database to analyze the

emotion in speech and face expressions. Audio-visual database
is very useful for the speaker identification and emotion
recognition applications [29].

The VAM database consists of 12 hours of audio-visual
recordings of the German TV talk show named as Vera am
Mittag (in English ”Vera at noon”), segmented into broadcasts,
dialogue acts and utterances. The title of the database is taken
from this TV show title. Because there is a reasonable amount
of speech from the same speakers available in each session of
the TV show [29]. The Sat.1 german tv channel broadcasted
these recorded shows between December 2004 to February
2005. Speakers are at the age of 16 to 69 years at the time of
recording.

VAM database has 3 different parts. They are VAM-Video
database, VAM-Audio database and VAM-Faces Database
as shown in Fig. 7 and Fig. 8 respectively. VAM-Video
database contains 1421 videos of the 104 speakers. VAM-
Faces database is extracted from the VAM-video by taking
each frame as one still image. This database classified differ-
ent emotions as anger (A), happiness (H), fear (F), disgust
(D), sadness(Sa), surprise (Su) and neutral (N). VAM-Faces
database contains 1867 images by 20 speakers.

Fig. 7. Sample images in Vera am Mittag (VAM)-Faces database [29]

Fig. 8. Sample speech in Vera am Mittag (VAM)-Audio database [29]

VAM-Audio database contains 1018 emotional utterances
by 47 speakers [29]. It mainly contains the complete sentences
but sometime also incomplete sentences. Some examples of
the dialogue in this database are
• Melanie: ”She said, she would leave him to me, and she

would even help me.” serious
• Kristin: ”Do you really think so?” somewhat amused
• Melanie: ”Kristin, this is what you told me on the boat!”

somewhat angry
• Kristin: ”Melanie, I do know very well what I told you

on the boat!” angry
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B. Indian Face Database

This database contains the 40 different subject (male and
female) face images with 11 different poses for each subject
and images are captured in February 2002 in IIT Kanpur. All
the images have a bright homogeneous background and each
subject with four different emotions - neutral, smile, laughter,
sad/disgust and different poses looking front, looking left,
looking right, looking up, looking up towards left, looking up
towards right, looking down. The images are in JPEG format
with size 640x480 pixels [28].

C. Berlin Database of Emotional Speech (BDES) or EMO-DB
Database

BDES has become one of the most popular for the appli-
cations related to speech emotion recognition. 5 actors and
5 actresses have contributed speech samples for this database
it mainly has 10 German utterances, 5 short utterances and 5
longer ones and recorded with 7 kinds of emotions: happiness,
neutral, boredom, disgust, fear, sadness and anger [27]. The
raw database contains approximately 800 sentences (7 emo-
tions X 10 sentences X 10 actors + some second versions).

The recognition performance has been systematically eval-
uated by considering different sizes of the VAM-Faces and
Indian face databases. The results of the evaluation on Indian
face database have shown that the recognition rate of LDA
with the use of hausdorff distance increases the performance
as shown in Fig. 9

Fig. 9. Performance comparison of emotion recognition with different sizes
of the Database

VII. MULTIMODAL FEATURE FUSION

During the past years of increased rate of accidents tends
the researchers to do research on driver behavior monitoring
systems, to observe the driver’s emotion. There has also been
a similar increase in use of multimodal fusion techniques
to overcome the difficulties of single modal system [30].
Several real world applications require higher performance
than just one single measure to improve road safety. One of
the important benefits in multimodal fusion is if one input is
highly noisy, then the other input might be helpful to make an
overall reliable decision.

Usually a monitoring system takes the sensor’s input sample
from the driver, extracts features and compares them with

the template of the existing emotions to find the best match.
This match explains how well the extracted features from the
sample match a given template. In multimodal fusion, the
data collected from different sensors at different levels are
integrated. Fusions are of different levels, they are namely:
• Sensor Level Fusion
• Feature Level Fusion
• Decision Level Fusion

A. Sensor Level Fusion

For emotion recognition of the driver, we use multimodal
system using both visual and acoustic sensors means camera
and microphone respectively. In Data fusion, raw data from the
multiple sensors are fused to generate the new data from which
features are extracted. In visual information, different features
are extracted and acoustic information different features are
extracted [30]. This is the major limitation which, the fusion
at sensor level is not possible in our work. So before the feature
extraction, fusion is not possible in our project. Data fusion is
possible only for same types of sensors (either two cameras
or two microphone data). In other words, it is only possible
to combine multiple samples of the same biometric sensor but
not samples from different biometric sensors. Fig. 10 shows
the sensor level fusion technique.

Fig. 10. Schematic description of sensor level fusion

B. Feature Level Fusion

Feature fusion means fusion after feature extraction. In this
level we are integrating the feature vectors (extracted from the
input sample) from multiple biometric sensors. If two different
samples are of the same types (two samples of the same face),
then it is possible to combine and create a new and more
reliable feature vector from the two vectors. However, if the
samples are of different types (face and voice data), the feature
vectors can be concatenated into a new and more detailed
feature vector. Fig. 11 shows the fusion at feature level.

Fusion at feature level is difficult in practice because of the
following reasons [30]: (i) the feature sets of multiple modal-
ities may be incompatible (e.g., eigen-coefficients of face
and Mel-frequency cepstral coefficients (MFCCs) of voice);
(ii) the relationship between the feature vectors of different
biometric sensors may not be known; and (iii) concatenating
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Fig. 11. Schematic description of fusion at feature level

two feature vectors may result in a feature vector with very
large dimensionality leading to the ‘curse of dimensionality’
problem [31].

C. Decision Level Fusion

In decision level multimodal fusion, individual subsystems
have its own decision. In the fusion process, multiple decisions
are fused into single decision. Fig. 12 shows the fusion at
decision level. For decision level fusion, we can use either
multiple samples for the same of type of sensors or multiple
sample from different types of sensors. Here multiple sensor
information namely visual and acoustic are processed indepen-
dently and their decision is fused and approximated as shown
in Fig. 13 following weighted majority voting rule described
in this section.

Fig. 12. Schematic description of fusion at decision level

In multimodal verification system, ”AND” and ”OR” rule is
a simplest method to combine the decision output of different
multimodal subsystems. The output of ”AND” rule is the
match when the both subsystems input samples matches with
the train data template. By using ”AND”, the False Acceptance
Rate (FAR) is lower than the FAR of individual subsystem
[30]. The output of ”OR” rule is the match of which one of
the subsystem input sample matches the train data template.

By using ”OR”, the False Reject Rate (FRR) is greater than
the FRR of individual subsystem [30]. But this ”OR” rule is
not possible in emotion recognition applications. Because if
the two subsystems has different emotions, if we apply ”OR”
rule, we can’t decide which emotion is the final output. And
another problem with this ”AND” and ”OR” rule is, in real
world scenario, acoustic information is present in bursts based
on the emotion of the driver, where as visual information is
present throughout the driving. Because of this limitation, we
have not considered ”AND” and ”OR” rule for driver emotion
recognition.

The most common and simplest rule derived from the
sum rule for decision level fusion is majority voting rule. In
multimodal verification system, input samples are assigned to
the subsystems and identifies the majority of the subsystems
agrees the match or not. If the input samples are R, then
atleast k are identified as matched then final output of the
decision level is ”match”. k is shown in Equation (6). Atleast
k matchers should agree that identity.

k = {
R
2 + 1 if R is even
R+1
2 otherwise.

(6)

The major drawback in majority voting is all the subsystems
are treated or weighted equally. In our emotion recognition,
majority of the emotion obtain as the output to either from
acoustic subsystem or visual subsystem. That emotion is the
final output. But in real cases, it is not correct. Visual is not
reliable than acoustic. To overcome this limitation weighted
majority voting rule is used in this work.

In weighted majority voting rule, the weights wk are as-
signed based on the reliability (during training process) and k
is the number of times the subsystem is matched.

Sj,k = { 1 if output of the jth mathcer is class wk

0 otherwise. (7)

The discriminant function for class wk computed using
weighted voting is shown in Equation (8).

gk =
R∑

j=1

wjsj,k (8)

Where wj is the weight assigned to the jth matcher.
Emotions can be classified into different classes like anger,

happiness, disgust or sadness. Neutral emotion means no ex-
pression/emotion is present. In this work, we classify different
expression based on distance from the neutral as shown in Fig.
13.

To validate the performance, the probability for each of
the emotions was calculated for the audio and visual features
separately and by applying weighted majority voting to get
the final result and projected emotional vector space as shown
in Fig. 13.

In order to evaluate the recognition algorithm with fused
features, we have used the Vera am Mittag (VAM) emotional
database. Performance comparison of different visual-acoustic
feature fusion at decision level for emotion recognition appli-
cation is shown in Fig. 14.
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Fig. 13. Illustration of fusion based emotion classification

Fig. 14. Performance comparison of different visual-acoustic feature fusion
at decision level

The Receiver Operating Characteristic (ROC) graphs are
useful for analyzing the classifier performance. The ROC
curve is a plot of the True Positive Fraction (TPF) versus
the False Positive Fraction (FPF). It compares the two op-
erating characteristics (TPF, FPF). So ROC is also called as
Relative Operating Characteristic curve. These TPF and FPF
are calculated by using True Positive (TP), True Negative
(TN), False Positive (FP) and False Negative (FN) as shown
in Equation (9),(10). Sensitivity is the true positive fraction,
expressed as a percentage. Specificity is the true negative
fraction, expressed as a percentage.

In Fig. 15 is the example roc curve, Shadow area (ROC
space) gives the better classification.

TPF =
TP

TP + FN
(9)

FPF =
FP

FP + TN
(10)

Fig. 15. Receiver Operating Characteristic (ROC) curve

AUC =
TP + TN

TP + FN + FP + TN
(11)

Fig. 16 demonstrates the recognition performance of LDA
based Hausdorff distance classifier on the Vera am Mittag
(VAM) audio visual emotional database in which their ROC
curves of False Positive Fraction (FPF) and True Positive
Fraction (TPF) are shown. VAM Database has emotions like
anger (A), happiness (H), disgust (D), sadness(Sa), and neutral
(N). In this data format, each line represents one classifier case
and each line has two numbers. In that the first number is either
truly negative ”0” or truly positive ”1”. The second number
represents the output level with each case. In our emotion
recognition algorithm, we analyze the hausdorff classifier
performance by considering the different emotions in the
VAM database. For this case, I used 5-point rating scale; the
categories would have the following meaning:
• 1 - Definitely negative
• 2 - Probably negative
• 3 - Possibly negative
• 4 - Possibly positive
• 5 - Definitely positive

Each case has a rating from 1 to 5. If the first number in the
case ”1”, a rating of 3 or greater than 3 is considered positive
or correct. Remaining are treated as negative or wrong. If the
first number is ”0” then rating is in reverse order.

The accuracy of the classifier is calculated by using the
Equation (11).

VIII. CONCLUSION

Multimodal emotion recognition system will be useful to
understand the state and emotion of a driver.In this work,
we came to know that the acoustic information together with
the visual information significantly increases the recognition
rate. However, in real world scenario acoustic information is
available only in burst. A good amount of stress is made
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Fig. 16. Receiver Operating Characteristic (ROC) curve for emotion
recognition

in locking the audio burst and in correlating the information
at decision level with visual information. Also in this work,
we gave weightage to features that predominantly have a
role in emotion and omitted other minor features which may
have role in recognizing the emotion in order to increase the
performance in real time. In this work, we emphasized on
performing the evaluation over different databases to check
the robustness of the algorithms and to see the scalability of
the algorithms.

Further this work can be extended in the direction of
reducing the acoustic noise generated by the vehicle and the
vehicle entertainment systems to improve the quality of the
acoustic sensor information. Thermal sensors can also be used
to collect the temperature signature of the driver and also fused
with the visual and acoustic information at decision level to
improve the robustness of the emotion recognition system.
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Abstract—Linguistic Geometry (LG) is a type of game theory 

for extensive discrete games scalable to the level of real life 
defense systems. This scalability is based on changing the 
paradigm for game solving - from search to construction. LG was 
developed by generalizing experiences of the advanced chess 
players. In this paper we develop further a hypothesis that LG is 
a formal model of human reasoning about armed conflict, a 
mental reality that existed for thousands of years. We argue that 
LG is a formal symbolic representation of the hybrid 
“geometrical” algorithm, called proto-LG, “hard-wired” in the 
human brain. This algorithm is an evolutionary product of 
millions of years of human warfare served in its turn as the 
principle mover for evolution of human intelligence. We 
investigate the origin of the proto-LG beginning from the origin 
of the abstract representations of space, time, number, etc. We 
continue with the origin of trajectories and zones. Although, a 
primitive version of the proto-LG could have appeared in group 
hunting, the full scale algorithm could have only resulted from 
evolution of the human warfare. We suggest that warfare itself, 
the source and the “user” of the proto-LG, could be traced back 
for millions of years to the origin of human species. This paper 
includes a description of the proto-LG on several examples, 
which intentionally do not use the standard LG tools, the 
hierarchy of formal languages. These simplified examples better 
reveal geometrical nature of the proto-LG by erasing “the 
mathematical particulars” of the standard LG. 
 

Keywords—Linguistic Geometry, proto-LG, Primary 
Language, Artificial Intelligence, evolution of intelligence, 
evolution of warfare, game theory. 

I.  INTRODUCTION  

Linguistic Geometry (LG) [44] is a game-theoretic 
approach that has demonstrated a significant increase in size 
of problems solvable in real time (or near real time). This 
paper continues a series of papers ([65], [66] and [67]) 
intended to discover role of LG in human culture. 

The word linguistic refers to the model of strategies 
formalized as a hierarchy of formal languages. These 
languages describe states of the game as well as transitions, 
i.e., moves, from state to state. They utilize a powerful class of 
generating grammars, the controlled grammars [44], which 
employ formal semantics of the game to control generation of 
a string using mutual influence of the substring generated so  
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far and the grammar’s environment. The hierarchy of 
languages includes three classes of languages. They are: 
• Language of Trajectories, a representation of various 

planning paths of pieces over the board for a given state,  
• Language of Networks (of trajectories), a representation of 

planning skirmishes of pieces for a given state, and  
• Language of Translations, a representation of a play 

(variation) via a sequence of changes of the Languages of 
Trajectories and Networks resulting from the sequence of 
moves leading from a start state to a current state.  

The word geometry refers to the geometry of the game state 
space, which is a set of all the states resulting from all legal 
plays of an abstract game leading from a start state. Every 
state is an abstract board with abstract pieces, i.e., mobile 
entities, located on this board and acting upon each other. 
Thus, different states include the same board with different 
configurations of pieces resulting from the sequence of 
movements and actions. In LG, the geometry of the state space 
is effectively reduced to the geometry of the board, which can 
also be called a game space. Thus, the entire state space is 
reduced to the projection of the “space-time” over “space”, by 
introducing abstract relations defining the movements and 
other actions of the game pieces as well as their mutual 
influence. This projection leads to efficient decomposition of 
the state space that permits replacing search by construction of 
strategies.  

LG is a viable approach for solving board games such as the 
game of chess as well as practical problems such as mission 
planning and battle management. Historically, LG was 
developed, beginning from 1972, by generalizing experiences 
of the most advanced chess players including World Chess 
Champions and grandmasters [6], [44]. In the 70s and 80s this 
generalization resulted in the development of computer chess 
program PIONEER utilized successfully for solving chess 
endgames and complex chess positions with a number of 
variations considered in the order of 102 while the state spaces 
of those problems varied from 1010 to 1525. The variations 
constructed by PIONEER were very close to those considered 
by the advanced chess experts when analyzing the same 
problems. Further generalization led to development of the 
new type of game theory, LG, changing the paradigm for 
solving game problems: “From Search to Construction” [35]-
[65], [71], [72]. An LG-based technology was applied to more 
than 30 real life defense related projects [27]. On multiple 
experiments, LG successfully demonstrated the ability to solve 
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extremely complex modern military scenarios in real time. 
Moreover, applications of LG demonstrated the ability of 
dynamic real-time regeneration of the plans and courses of 
action during the simulated combat whenever new information 
was available. The efficacy and sophistication of the courses 
of action developed by the LG tools exceeded consistently 
those developed by the commanders and staff members [61] - 
[63]. 

Thirty nine years of development of LG including 
numerous successful applications to board games and, most 
importantly, to a highly diverse set of modern military 
operations [23]-[27], [27]-[29], [45]-[64], from cruise missiles 
to military operations in urban terrain to ballistic missile 
defense to naval engagements, led us to believe that LG is 
something more fundamental than simply yet another 
mathematical model of efficient wargaming.  

II. BACK TO THE ORIGIN 

In 1957, John von Neumann [70] suggested that the external 
language (including multiplicity of natural languages as well 
as mathematics and computer science) that we use in 
communicating with each other may be quite different from 
the internal language used for computation by the human 
brain. He argued that we are still totally unaware of the nature 
of the Primary Language for mental calculation. He writes: “It 
is only proper to realize that [human] language is largely an 
historical accident. The basic human languages are 
traditionally transmitted to us in various forms, but their very 
multiplicity proves that there is nothing absolute and 
necessary about them. Just as languages like Greek or Sanskrit 
are historical facts and not absolute logical necessities, it is 
only reasonable to assume that logics and mathematics are 
similarly historical, accidental forms of expression. They may 
have essential variants, i.e., they may exist in other forms than 
the ones to which we are accustomed. … The language here 
involved may well correspond to a short code in the sense 
described earlier, rather than to a complete code [in modern 
terms, he means high-level vs. low-level programming 
languages]: when we talk mathematics, we may be discussing 
a secondary language, built on the primary language truly used 
by the central nervous system.”  

More than 50 years passed since J. von Neumann 
hypothesized existence of the Primary Language. 
Unfortunately, the nature of this language is still unknown. A 
universal applicability of LG in a variety of military domains, 
especially, in the domain of the ancient warfare, its total 
independence of nationality or country, its power in generating 
human-like strategies permit to make far reaching conclusions. 
It is reasonable to suggest that the algorithm of LG utilized by 
the human brain is “written” or “hard-wired” on the Primary 
Language and, maybe, even the structure of the language of 
LG models the structure of the Primary Language. Moreover, 
the age of the Primary Language must be much greater than 
the age of human natural languages, and so the age of LG. 
This great age suggests that the Primary Language as well the 
language of LG are not symbolic because symbolic languages 

have been in existence on Earth no more than ten thousand 
years. The core human skills including the warfighting skills 
have been developed as hybrid and, mostly, analog algorithms. 
During several million years of evolution with constant fight 
for survival of the human species, the human brain perfected 
those algorithms as well as language(s) utilized by these 
algorithms.  Eventually, this constant perfection has led to the 
development of multiple symbolic equivalents.  We suggest 
that every human brain “speaks” the LG language, though, 
only well trained commanders and, especially, advanced 
strategists are able to utilize it to full capacity. Most 
importantly, they are able to translate from the LG language, 
i.e., from the Primary Language, into the natural languages to 
describe strategies in the spoken language terms.  

In our discussion about the age of LG we will bring a 
hypothesis about the real age of modern humans closely 
following [35]. For many years scientists believed that ancient 
people were very different from us. They did not routinely use 
art, symbols, and rituals; they did not systematically collect 
small animals, fish, shellfish and other difficult-to-procure 
foods; they did not use complex technologies such as traps, 
nets, projectile weapons and watercraft. They have been 
equipped only with simple tools and were likely dependent on 
hunting large game with no means of constant improvement. 
However, archeological evidence shows that some of the 
behaviors associated with modern humans, most importantly 
our capacity for wide behavioral variability, actually did occur 
among people who lived 300 thousand years ago, particularly 
in Africa. Many archeologists now believe that there was no 
sweeping transformation from “archaic” to “modern” humans. 
Search for primitive people in every corner of the world has 
failed. This failure is interpreted that such humans have never 
existed. “In other words: No villages, no village idiots [35].” It 
appears that early Homo sapiens were as clever as we are. The 
wipeout of those with limited cognition (if they existed at all) 
happened during the evolutionary differentiation of our 
species from human ancestors. If cognitive capacity of the 
ancients were on par with modern humans, the human species 
had plenty of time to improve the skills critical for their 
survival, including their warfighting skills rooted in LG.  

In our quest for the heritage of LG we will go deeper in the 
past, even beyond the origin of human species. We will show 
that a number of algorithms critical for the emergence and 
evolution of LG are “hard-wired” in the brain of animals such 
as mammals, and even birds. These algorithms include space 
orientation, new route generation and group coordination. 

For further discussion we will introduce several simplified 
geometrical models of LG. Section III includes the LG graph 
schemas of various types of trajectories and zones without 
explicitly defining abstract board and reachabilities of pieces. 
Section IV includes a “Martian” model of LG with chess-like 
reachabilities and a board. This model emphasizes the key 
concepts of LG: generation of trajectories and zones, choosing 
the best of those employing the function of quality, movement 
of pieces along the chosen trajectories accompanied by 
translations (updates of trajectories and zones), and 
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demonstration of the ultimate value of the LG mechanics, i.e., 
generation of new zones for finding a solution. In Sections VI-
X we introduce yet another model of simplified LG, the proto-
LG. The proto-LG is not much different from the previous two 
models but it is concurrent and closer to the reality of military 
operations. All those models are intended to reveal the essence 
of LG by erasing the particulars that hiding it. This includes 
the voluminous particulars of military operations, from the 
“operations” of human ancestors to ancient to modern warfare. 
Another set of particulars includes some awkwardness of the 
rules of the game of chess (for the real life observer). Yet 
another set of particulars includes the mathematical structure 
of LG itself, the hierarchy of formal languages and grammars. 
Although, all the models of LG presented in this paper are 
totally formal and could be introduced employing the standard 
mathematical LG tools of languages and grammars [44], we 
intentionally avoided doing so. A significant part of this paper 
(Sections VI-XI) is devoted to the discussion of the 
development of the algorithm of the geometrical model of LG 
as an evolutionary product of the human brain. This algorithm 
could have been implemented by various means. This includes 

symbolic implementations, as is the case for the theory of LG 
and numerous software applications, and non-symbolic, 
analog (or hybrid) as is likely the case for the human brain. 

III. THE LG CONSTRUCTION SET 

Strategy generation in LG is based on generation of the 
Language of Networks. A string of symbols of this language is 
called a zone. Formal definition of a zone is given in [44]. In 
this paper we will utilize an informal pictorial representation 
of a zone. Consider a complete set of different zones for a 
serial Abstract Board Game (ABG) such as the game of chess 
(Fig. 1). This set includes just five different types of zones: 
attack, block/relocation, domination, retreat and unblock. 
These five types represent a complete set of “codons of the 
strategy code” of the game of chess (see also Section IV). 
Examples of such zones are shown in Fig. 1. For the attack 
zone, the attack side (white pieces po and p1) is intended to 
destroy the target q1 by moving along the main trajectory 1-2-
3-4, while the intercept side, q1, q2, and q3, is intended to 
protect it employing first negation trajectories for q2, and q3. 
The length of the main trajectory is limited by a positive 
integer number called horizon. For the block zone the attack 
side is intended to block the trajectory of q1 by relocating po to 
point 4, while the intercept side is intended to prevent this 
relocation. This zone is linked to the attack zone of the piece 
q1. In general, for a relocation zone, po is intended to occupy 
point 4, but the purpose of that might vary from block to other 
types of participation in an attack zone. For the domination 
zone, the attack side is intended to intercept q1 at point 4 by 
dominating this point from point 3 (employing relocation of 
po), while the intercept side is intended to prevent this 
domination. This zone is linked to the attack zone of q1. For 
the retreat zone, the retreat side that includes qo is intended to 
save qo from the attack of po by moving it away from the 
destination of the trajectory of po; the intercept side that 
includes p1 is intended to prevent this retreat. For the unblock 
zone, the unblock side is intended to support the attack of po 
along its trajectory by moving the blocking piece p2 away, 
while the intercept side (piece q1) is intended to prevent this 
unblock. Both zones, retreat and unblock, are linked to the 
attack zone with main piece po. All the main trajectories of 
zones are limited by the horizon. 

A set of zones generated in every state of a problem is a 
unique representation of this state. A piece may be involved in 
several zones and in several trajectories in the same zone. All 
the trajectories and zones are evaluated with respect to their 
quality [44]. Only the highest quality trajectories are 
considered for generating strategies. The quality function is 
based on the prediction of the “rate of difficulty” for a piece 
for moving along the trajectory. For example, for the attack 
zone (Fig. 1) piece po has to pass three locations 2, 3, and 4 to 
reach destination and destroy its target at 4. This passage may 
be free or it may be abstracted by the enemy pieces. For 
example, piece po can be captured at location 2 by q2. The 
notion of passage through location for the game of chess is 
based on the values of pieces (surrounding this location, i.e. 

Fig. 1. Complete set of the serial LG zones 
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one step away) and on the result of optimal exchange of these 
pieces [44]. For the military operations employing trajectories 
of physical entities (missiles, planes, single soldiers) and 

shooting, the notion of passage through location is based on 
the notion of probability-of-kill, which is defined for all the 
entity-weapon pairs. These probabilities permit calculating 
qualities of trajectories and zones based on the integrated 
probabilities of successful passage. For the operations 
employing trajectories of pieces representing groups of entities 
that require close encounter with hand-to-hand fighting (like 
ancient cavalry or infantry) or massive shooting with low 
probability-of-kill of each shot (like ancient archers), the 
notion of passage is based on the notion of attrition rate, a 
statistical outcome of the skirmish, which is defined for all the 
pairs of antagonistic groups. These attrition rates permit 
calculating qualities of trajectories and zones based on the 
integrated attrition resulting from the passage of these 
trajectories and zones, respectively. In all cases, the less 
“difficulties” a piece would experience in passing along a 
trajectory the higher quality of this trajectory is. Every 
location along a trajectory, where a piece can be intercepted 
(for the game of chess), destroyed with high probability (for 
modern military operations) or suffer high attrition (for 
ancient operations) reduces quality of this trajectory. A 
trajectory, which includes at least one such location, is called a 
trajectory with closed location or a closed trajectory. A 
trajectory without such locations is called an open trajectory. 
Consider an open main trajectory of an attack zone (like 
trajectory for po, Fig. 1) and a retreat zone for its target (such 
as q1). Assume that all the locations for retreat are closed, then 
the target is called vulnerable and the main trajectory in the 
attack Zone is called a trajectory with a vulnerable target. 

 This approach permits to introduce function of quality 
based on the ordering of the main trajectories and the 
respective zones beginning from the trajectories with 
vulnerable target at the top of the list, then open (non-
vulnerable), then with one closed location, two, and more. A 
similar ordering, with the exception of vulnerability, can be 
done to any trajectory of a zone [44]. Application of the 
function of quality, choices of trajectories and zones based on 
this function and the “mechanics” of LG in general are 
considered in Section IV. 

IV. MECHANICS OF PROTO-LG 

In this section we consider a simple Abstract Board Game 
played on the “surface of Mars”. This problem is usually given 
to students to test their skills in applying grammars of 
trajectories and zones [44]. It appears that students first try to 
solve it without grammars, ad hoc, and only then apply 
grammars to verify their solution and demonstrate their 
generating skills in LG. In this paper, we will focus on the ad 
hoc approach in attempt to reveal the essence, to erase the 
grammatical particulars of LG.  

Consider the following scenario. Robot from Earth called 
King (K) landed on Mars at the point h8 (Fig. 2, top). It 
received a radio-message from the Earth to investigate the 
location of possible anti-matter (point c7). It should be done as 
fast as possible because robot’s energy supplies are limited. 
Martians live under the surface of the planet. Mars is at war. 
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Fig. 2. The Martian War. 
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Black Martians fight with White employing robots moving on 
the surface. Both sides read messages from Earth.  

White suspects that robot King brought supplies for their 
Black enemies. So, they decided to intercept it by their own 
robot (located at g3) as early as possible. This robot is weird: 
it can move only like chess Knight (N), it can destroy 
everything where it comes. 

Robot King can also destroy adversarial robots at the 
locations where it comes. White is not willing to lose Knight: 
they need it for future combat missions.  

Black is ready to support the scientific mission from Earth 
but they do not have mobile robots in this area. Both sides 
(Black and White) have robots, the Guardians, with very 
limited moving abilities, which can only move and destroy 
enemies’ robots on the next diagonal squares in all directions 
(they can make just one move and stay forever). These robots 
have rectangular shape.  

Robots cannot move through the locations, which are in the 
precipice (shaded areas), but can cross edges of precipice or 
jump over. Robots can stop at locations where other robots 
already stand. Only one robot at a time can move, and Black 
and White moves alternate. White moves first. Each side can 
skip turns except for the robot King. 

Can robot King accomplish its mission safely? The idea is 
not simply to give an answer but to show safe and probably 
unsafe paths, where the danger is, and how to avoid it (if 
possible). 

We solve this scenario employing the LG approach, without 
brute force, which, of course, would be simplistic in this 
situation. We generate an attack zone for the King with the 
main trajectory from g8 to c7.  We applied horizon of 5 
because the distance to c7 for the King is just 5 steps. A 
bundle of shortest main trajectories from g8 to c7 of length 5 
is shown in (Fig. 2, middle). All of them have the common 
first stop g7, which is a closed location because there is a first 
negation trajectory of the White Guardian at h6. Location g7 
of the main trajectories attracts a bundle of the first negation 
trajectories of the Knight from g3 (length 2). However, all of 
them are closed because of the second negation trajectories of 
the Black Guardian at g6, to f5 and h5. We conclude that all 
the attack zones of the King leading to c7 with shortest main 
trajectories are closed (location g7 is closed). This means that 
King cannot get to the destination in 5 steps. Let us increment 
the horizon by one assuming that King’s energy supplies 
would allow that. Within the horizon of 6, we generate a 
bundle of main trajectories from h8 to c7 (whose length does 
not exceed 6). However, from the previous analysis we know 
that location g7 is closed for the King, thus trajectories 
crossing g7 should be dropped. Only two trajectories left, 
through d7 and d8 (Fig. 2, bottom). Consider the zone with 
main trajectory through d7. It appears that locations h7 and g6 
of this trajectory are open. Indeed, there are no first negation 
trajectories leading to h7 because white robots cannot reach 
this location within two steps – this is the max time required 
for intercept. There are several first negation trajectories 
leading to g6. For this location the time for intercept is 3 steps. 

Two trajectories of the Knight through f5 and h5 are shown in 
(Fig. 2, bottom). Fortunately for the King, both trajectories 
have closed locations, f5 and h5. These are the same locations 
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Fig. 3. The Martian War (continued) 
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which we already analyzed when considered first negation 
trajectories for the main trajectories of the King within the 
horizon of 5. The only first negation trajectory leading to g6 to 
be considered is the trajectory through e2 (Fig. 3, top). 
However, location e2 is closed as well due to the second 
negation trajectory of the Guardian at d1. We conclude that 
location g5 of the main trajectory of the King is open because 
all the first negation trajectories of the White leading to g5 are 
closed. Consider location f6. The time for intercept is 4 steps. 
The only first negation trajectory within this time limit is the 
trajectory of the Knight through h1 in 3 steps (Fig. 3, top). 
Location g4 of this trajectory is closed, hence the entire 
trajectory is closed as well. We conclude that locations h7, g6 
and f6 of the main trajectory are open.  

From the above analysis we can conclude that all the first 
negation trajectories of the Knight going through locations f5, 
g5, e2, and g4 are closed trajectories. The absence of the open 
first negation trajectories of the white robots leads us to 
conclusion that all the locations of the main trajectory are 
open (excluding destination, maybe, c7). There is only one 
open first negation trajectory for the Knight leading to c7 
(through h1) within time limit of 7 steps (Fig. 3, middle). The 
actual length of this trajectory is 6 steps. It appears that 
following this trajectory Knight could arrive on time at the 
next to last location b5, wait for one time interval, and destroy 
robot King immediately after its arrival at c7. This would 
mean that King cannot accomplish its mission safely. 
However, consider this variation: 1. Ng3-h1, Kh8-h7; 2. Nh1-
f2, Kh7-g6; 3. Nf2:d1, Kg6-f6; 4. Nd1-c3, Kf6-e7; 5. Nc3-b5, 
Ke7-d7. This state is shown in Fig. 3, bottom. The dotted lines 
represent parts of the trajectories that robots have passed by. 
At this state we generate several new attack zones for the King 
with main trajectories from d7 to b5 and to c7 (through c6). 
These two trajectories have common first link d7-c6.  

If the King continues along its original main trajectory: 6. 
WhiteSkip, Kd7-c7; 7. Nb5:c7, then the King’s mission fails. 
With new zones robot King has another option. It may attempt 
to follow a little longer route to c7 but stay safe. This route 
would increase time by one interval. Indeed, 6. …, Kd7-c6. In 
this case we will generate a retreat zone for the Knight to save 
it for future missions. It includes open one-step trajectories b5-
a3 and b5-a7 (Fig. 3, bottom). Now, when Knight retreats, 
King can continue safely along the second main trajectory d7-
c6-c7 to its final destination 7. Nb5-a7, Kc6-c7. Mission from 
Earth has been successful. 

V. HISTORY OF DEVELOPMENT 

In our previous papers [65]-[67], we suggested that LG is a 
mathematical model of human reasoning about conflict 
resolution, a warfighting model at the level of 
superintelligence.  More precisely, we suggested that LG is a 
mathematical representation of the brain model [16] utilized 
by humans for the armed conflict resolution. We also 
suggested that the game of chess served as a means for 
discovering LG, a mathematical model of human methodology 
of efficient warfare.  

Indeed, when developing the initial formal model of LG in 
the 80s, we had absolutely no idea about even potential 
applicability to the defense systems. The original theory of LG 
was developed by generalizing algorithms implemented in the 
computer chess program PIONEER [6], [44]. Simultaneously, 
some of the similar algorithms were utilized for economic 
problems in the former USSR (programs PIONEER 2.0-4.0). 
Further development of LG, of course, took advantage of these 
new applications. However, the original major framework of 
LG, the hierarchy of three formal languages, was based 
exclusively on the chess domain, the only application 
available at that time. We must admit that over the following 
30 years the structure of this framework has never changed. 
We made this historical observation to emphasize that the 
grandmaster’s approach to solving chess problems was the 
only source of information for developing the original version 
of the theory of LG.  

By the end of the 80s, when the work on LG was 
suspended, the success of the chess model was intriguing but 
not complete. PIONEER solved a number of sophisticated 
endgames and positions but still could not play full games. It 
was clear for the developers that the main ideas are correct but 
further development for the chess domain was required. It was 
also expected that transferring LG to other domains, e.g., 
defense, should be tried only after the chess model would be 
completed. Besides incompleteness of this model, a number of 
other serious limitations based on the awkward nature of the 
game of chess (in comparison with real life) could have 
prevented from such transfer. Specifically, these limitations 
were as follows. 
• Totally discrete nature while the real world is mostly 

continuous (on macro level). 
• Small number of agents while in the real world problems 

this number is often several orders of magnitude greater.  
• Serial movement of agents in comparison with the real 

world agents such as humans, human-controlled vehicles, 
robots, etc. moving concurrently. 

• Simplistic 2D mobility rules in comparison with 
sophisticated mobility patterns of the real world agents, 
which may require multi-dimensional phase space. 

• Small, non-sophisticated 2D game board in comparison 
with real world 3D large-scale terrains with multiple 
different features.  

• Awkward goals like checkmate in comparison with real 
life goals that vary significantly from one operation to 
another. 

Most importantly, there was no theoretical evaluation of the 
accuracy of the LG solutions except for those experiments 
with chess positions and endgames approved by the chess 
experts. This deficiency was especially grave because, if not 
corrected, it could lead for LG to be labeled as a collection of 
heuristic algorithms. Such algorithms are usually very 
specific, i.e., domain- or even problem-oriented with no way 
of transferring to different domains. In other cases, they are 
too generic, like the greedy heuristic, to provide decisive 
benefits for complex problems intractable by conventional 
approaches.  
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The advanced version of LG, completed Dr. Stilman by the 
end of the 90s [35]-[44], with contributions of Drs. V. Yakhnis 
and A. Yakhnis [71], [72], had overcome some of the above 
limitations by further “wild” generalizations and mathematical 
proofs of correctness of the algorithms and accuracy of the 
solutions. In addition, several applications of the new version 
of LG to the extended chess domain, such as the games with 
3D board and concurrent movements, were tested in the 
experiments. The new LG definitely covered a number of 
different real life problem domains as many other 
mathematical theories do. But was it really an adequate 
model? In Physics, this means predicting results of 
experiments. In Computer Science, a requirement is similar. 
Software applications based on the new theory should yield 
plausible or satisfactory solutions for a new domain. In case of 
LG, this means consistently generating plans, i.e., military 
courses of action, comparable or even better than those of 
military experts. When the LG applications started 
consistently generate advanced courses of action for a number 
of defense sub-domains, the developers got puzzled. How is it 
possible that a group of computer scientists and software 
engineers without any military expertise produced applications 
that generated solutions evaluated by the military experts as 
brilliant? All those applications were based on LG, which was 
rooted in the methodology of the advanced chess players (not 
military experts). The answer that comes to mind is that there 
is something special about this game and this methodology. 

 It appears that the game of chess served the role of eraser 
of particulars for the real world warfare. From the bird’s eye 
view, military operations are incomparably more complex 
than this game. Interestingly, this fact was pointed out by 
many reviewers of our papers with the first generalizations of 
the original LG in the 90s. All the above limitations that could 
have prevented us from transferring LG to the real world, in a 
sense, enabled us to see the essence behind numerous 
particulars. Of course, we still needed an advanced chess 
player like World Chess Champion Professor Botvinnik who 
was able to analyze the chess master’s approach to solving 
problems. We could only guess if such a grandmaster-
commander capable of doing the same for the military 
strategies would have ever appeared. With all the ingenuity of 
such an expert, a task of refining the military strategies down 
to trajectories and networks of trajectories would have been 
significantly more complex due to those particulars that mud 
the picture.   

As we know the game of chess was invented 1.5-2 thousand 
years ago as, probably, a model of ancient wars in India or 
Persia. The ancient inventor erased the particulars of these 
wars by simplifying and formalizing the game rules. It is 
really amazing that with total simplification this inventor 
managed to preserve, probably unconsciously, the strategic 
essence of those wars. From the analysis of the ancient wars 
[65]-[67] it is clear that ancient commanders like Alexander 
the Great and Hannibal utilized strategic thinking grounded in 
LG. It is also clear that the ancient science was not at the level 
to support mathematical representation of those strategies. 

However, these strategic skills were deeply rooted in human 
intelligence; they resulted from evolution of human species 
(see below). During recorded history, they were developed 
further and passed from generation to generation over the 
centuries until present days. This passage was supported 
mostly by the narrative descriptions of past battles and what 
some people call the “soft” science of warfare, i.e., non-
mathematical science [9]. Indeed, it is very difficult to utilize 
the strategic military knowledge without special commanding 
skills.  

VI. PROTO-LG 

In this section we will consider in detail a hypothesis that 
the evolution of human species prepared human brain for 
developing advanced commanding skills. These skills were 
demonstrated by the greatest commanders of the past as well 
as subsequent military geniuses throughout human history. 
However, similar skills, though not so advanced, are 
demonstrated daily by the military commanders around the 
world. We suggest that those skills are based on the LG-like 
algorithm, the proto-LG, “hard wired” or recorded originally 
in the Primary Language of the human brain.  

Efficient hunting, warfighting and its improvement required 
intense communication between participating entities. For 
millions of years communication between human species was 
similar to the one between social animals like non-human 
primates. It was taking place without spoken language. Under 
those circumstances, the warfighting skills could not be based 
on the spoken language as well. It appears that the brains of 
primates and some of the non-primate animals were 
sophisticated enough to lay foundation for the evolution of the 
human warfighting skills even without spoken language. We 
will show that such skills could utilize “brain hard-wired”, 
non-symbolic algorithms inherited from primates and even 
non-primate animals.  

 Recent advances in neuropsychology demonstrated that the 
brain operates as a hybrid computer, with analog and symbolic 
components [68]. The ancient part of the brain, similar to 
those of the mammals, operates as an analog device, while the 
cerebral cortex, the major evolutionary achievement of the 
human species, operates with symbolic information. However, 
this symbolic world has opened up to humans with acquiring 
spoken language, i.e., no more than ten thousand years ago. 
Thus, major development of the Primary Language, and the 
algorithms utilizing it such as optimal warfighting, involved 
the ancient analog part of the brain.  

LG, as it is presented in numerous papers, is a formal 
linguistic model, i.e., purely symbolic [35]-[67]. Fortunately, 
it is not by chance that it was named linguistic geometry. The 
geometrical nature of LG can be easily represented employing 
visual images like those presented in Sections III and IV. In 
describing a visual model of the proto-LG we will utilize 
visual images as well. Specifically, we can visualize a 
dynamic network of routes over the abstract board, which 
could be a 2D, 3D or even nD district of the real world (or 
phase space). We can imagine a number of locomotives 
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(pieces) crossing country along multiple rail-tracks that 
represent network of zones. The locomotives follow 
scheduling constraints, one of which is total discreteness: the 
locomotives are not really moving, they are “jumping” from 
one stop to another during each time interval. This interval is 
common for the entire network. Special constraints describe 
conditions when locomotives can use the same rail-tracks at 
the same time. Different types of locomotives may have 
different speeds. After leaving the start point simultaneously 
they may arrive at the destination at different times (number of 
time intervals) by skipping several stops or by utilizing 
different routes. The network of rail-tracks is being changed 
after every time interval, i.e., the existing routes may change, 
new routes appear, other routes disappear.  

In a sense, the geometrical model of the chess LG is less 
sophisticated than the proto-LG introduced above. In 
particular, it has a limited size of the operational district, small 
number of types of locomotives, serial (one-piece-at-a-time) 
movement, etc. All the publications describing LG are 
illustrated by the figures that depictured the geometrical model 
similar to one of those presented in this paper. Moreover, all 
the discussions between developers, including those at the 
time of origination of the formal LG, utilized a similar 
geometrical model. This model is also close to the animated 
interface of the various LG applications [27]. Numerous 
experiments demonstrated convenience and self-explanatory 
nature of this interface. This “user-friendliness” of the 
geometrical LG is not accidental. We suggest that this type of 
mental model, the geometrical proto-LG, is a hybrid algorithm 
encoded in the human brain as a result of the evolution of 
human species. 

VII. REQUIRED SKILLS 

Research in neuroscience [16] indicates that “our brains 
build models of the world and continuously modify these 
models on the basis of the signals that reach our senses. So, 
what we actually perceive are our brain models of the world. 
They are not the world itself, but for us, they are as good as. 
You could say that our perceptions are fantasies that coincide 
with reality… Our brains discover what is out there in the 
world by constructing models and making predictions. Our 
models are built by combining information from our senses 
with our prior expectations.”  

Recently, neuropsychologists reevaluated role of the famous 
“thought experiments”, which allow us, by pure reflection, to 
draw conclusions about the laws of nature [13]. For example, 
Galileo before even starting dropping stones from the Tower 
in Pisa, used pure imaginative reasoning to conclude that two 
bodies of different masses fall at the same speed. The Albert 
Einstein’s thought experiments in explaining the relativity 
theory and quantum mechanics are known even better. The 
efficiency and the very possibility of thought experiments 
show that our mind incorporates animated models of the 
reality, e.g., laws of physics, mathematics, human activities, 
etc. Scientists managed to decode some of the human mental 
images by visualizing their traces on the cortex [22]. It was 

shown that when we imagine a shape “in the mind’s eye”, the 
activity in the visual areas of the brain sketches the contours of 
the imagined object, thus, mental images have the analogical 
nature [13]. We simulate the laws of nature by physically 
reflecting the reality in our brain. The human species and even 
animals would have had difficulty to survive without even 
minimal “understanding” of the laws of environment. Over the 
course of evolution and during development of every 
organism, our nervous system learns to comprehend its 
environment, i.e., to “literally take it into ourselves” in the 
form of mental images, which is a small scale reproduction of 
the laws of nature. Neuropsychologists discovered that “we 
carry within ourselves a universe of mental objects whose 
laws imitate those of physics and geometry” [13].  We would 
like to go even further and suggest that we also carry the laws 
of the major human relations including the laws of optimal 
warfighting. The laws of nature and human relations manifest 
themselves in many different ways. However, the clearest 
manifestation is in perception and in action. For example, we 
can say that the sensorimotor system of the human brain 
“understands kinematics” when it anticipates the trajectories 
of objects. It is really fascinating that these same “laws 
continue to be applicable in the absence of any action or 
perception when we merely imagine a moving object or a 
trajectory on a map” [13]. This observation, of course, covers 
actions of all kinds of objects including rocks, animals, and 
humans. The scientists have shown that the time needed to 
rotate or explore these mental images follows a linear function 
of the angle or distance traveled as if we really traveled with a 
constant speed. They concluded that “mental trajectory 
imitates that of a physical object” [13]. 

To simulate the animated geometrical proto-LG, the human 
brain should model the dynamic network of trajectories and 
simulate movement of entities, i.e., humans and animals, along 
the LG network. This simulation would require multiple 
optimization and decision-making. For example, the model 
should choose the fastest and the safest routes for many 
entities to multiple destinations. It should also coordinate 
simultaneous movement of the entities along several 
trajectories to provide timely interception of the enemy and 
support of the friend. Yet another requirement for the model 
would be the ability to terminate the futile pursuit of the 
enemy and reroute forces to the closest vulnerable target. 
These and many other requirements are formally represented 
in the standard symbolic LG as various constraints to the 
hierarchy of formal languages. However, we suggest that they 
were originated in the prehistoric human battles and reflected 
in the Primary Language as the geometrical proto-LG. 

The mental simulation of the proto-LG should be based on 
representation of the fundamental abstract categories of space, 
time, and number inherited from evolution of animals and 
humans. Multiple experiments demonstrated that this 
inheritance took place in the pre-human era because these 
categories are widespread in the animal world – they are 
essential to survival. Animals need to evaluate sources and 
quantities of food, the number and quality of the enemies and 
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allies (for social species). According to [13], before 
chimpanzees attack an adversary, they evaluate whether their 
coalition is large enough. This behavior is also observed in 
dolphins and lions. Other primates anticipate the result of 
addition or subtraction of food morsels before choosing the 
larger of two sources. Human babies a few months old already 
have the sense of number. For example, when an animation 
shows five objects disappearing behind the screen, which are 
joined by five more objects, the baby looks longer at the final 
screen if, by magic, there are only five objects and not the ten 
expected [13]. Scientists discovered that from birth on, our 
brain expects to find moving objects in the external world 
whose combinations obey the rules of arithmetic [13]. These 
studies lead scientists to the idea of possibility of an abstract 
thought without spoken language.  

Another strong argument in favor of this idea comes from 
investigation of remote human cultures who demonstrated the 
presence of arithmetic and geometrical intuitions without 
spoken language [13], [32], [30]. In the Amazon, the 
Munduruku people have words for the small numbers, one to 
five, which are not used for counting and, probably, similar to 
English words “dozen” or “handful”. If words shape our 
thoughts, then the numerical cognition of these people should 
be limited and they should be prevented from arithmetic. 
Contrary to this conclusion, the Munduruku adults and 
children pass tests of approximate number perception, 
matching, comparison, and simple arithmetic [13], [30], [32]. 
They possess rich arithmetic intuition. Of course, tests did not 
use language but presented large numbers in the form of 
animated sets of objects. Munduruku do not know how to 
count but they know that the cardinal of a set changes as soon 
as an object is added or taken away.  They think of numbers as 
an analog, an approximate and logarithmically compressed 
continuum [30], exactly as expected from the neural 
representation of numbers observed in humans and primates. 
With approximate quantities, the Munduruku do not behave 
qualitatively differently from the French controls [32]. The 
abstract concept of number precedes the word for number.  

Similar conclusions were made for the fundamental 
geometrical concepts:  point, right angle, parallelism, distance, 
midpoint, etc. They are all present in some form before we 
have words for them [13]. Neuropsychological experiments 
demonstrated that all those parameters are translated mentally 
into the internal quantities, a population of neurons that code 
for numbers. The bigger the numbers the fewer neurons are 
allocated for their representation – this leads to the 
logarithmically compressed neural code. The closer numbers 
to each other the more overlap between populations of neurons 
coding for them – that is why it takes longer to compare 
nearby numbers. 

VIII. TRAJECTORIES IN PROTO-LG 

One of the major skills critical for efficient warfighting is 
spatial orientation, which allows the navigator to construct a 
new route across unfamiliar terrain. Generating routes, storing 
them, following them, reasoning about them – all those 

operations are the components of the proto-LG. Experiments 
with animals and humans demonstrated that spatial orientation 
is consistent with a map-like representation formed in one of 
the ancient, analogous part of the brain called hippocampus 
and several other areas. This representation was named a 
cognitive map.  

Below we introduce a model of cognitive mapping as 
possible foundation for evolutionary development of the 
proto-LG. This model is called a parallel map theory (PMT). 
We describe by closely follow [19] and [20]. Experiments 
suggest that there is an internal abstract representation (a map) 
independent of objects and sensory events, where various 
experiences are preserved. This internal brain model does not 
depend on body orientation, but is able to maintain its 
orientation with respect to the external world with rotation of 
the animal. PMT is based on the premise that there are 
actually three different maps. They are cognitive (or 
integrated) map and its two components, the bearing map and 
the sketch map.  

A bearing map is a coordinate system of a 2D Euclidean 
space. The brain builds it by overlaying several vector fields. 
The first set of fields includes different gradients such as 
intensity of magnetic field (compass-like directions), smell of 
chemicals, or taste in watery environments. Another set 
includes directions to visible cues such as positions of Sun, 
Moon, stars and distal cues such as mountain ranges. Different 
species utilize different combinations of vector fields. 
Essentially, the bearing map includes a data structure, a map, 
and several algorithms. An extrapolating algorithm is intended 
to gauge distance and directional angles. This algorithm 
allows the navigator to maintain an accurate representation of 
its current position, extrapolate future position and even 
generate routes in unknown territory. An update algorithm 
builds the bearing map by processing sensory information and 
generating vector fields. This processing goes on during the 
life-time of an animal. Early in life, this map provides a 
minimal scaffold. Later, more data is added to the map to 
create a robust model of the environment.  

A sketch map is an arrangement of positional cues. A data 
structure includes unique local landmarks encoded relative to 
each other as a topographic map. An update algorithm 
operates like a movie shooting, but the images and their 
components are linked to each other by mutual references. All 
the landmarks and their relations (distances, directions, time 
stamps) are individually learned via previous experiences and 
in the order in which objects were encountered. An update 
algorithm can stretch and distort the sketch map in response to 
changing spatial-temporal experience. Execution of this 
algorithm may cause the sketch map to expire. The map can 
be erased, edited and redrawn or it can be endured with 
sufficient information input. Contrary to the bearing map, 
there are no extrapolation or generalization algorithms across 
the novel terrain associated with the sketch map. There could 
be many sketch maps and they exist independently of the 
bearing map. The positional codes within sketch maps are 
allocentric, as each cue refers to another component of the 
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sketch map. 
An integrated map brings together the bearing map and 

multiple sketch maps. A coding algorithm associated with the 
integrated map codes the sketch maps in relation to the 
bearing map. It creates a functional overlay of sets of object 
relations onto an absolute reference system. A chunking 
algorithm supports chunking of elementary sketch maps to 
form the larger sketch maps. A storing algorithm provides 
long-term storage of chunks of sketch maps for later retrieval. 
The stretch maps are stored with associated information about 
mutual distances and directions that are needed to move from 
one sketch map to another, even if this movement is 
discontiguous. Employing the resultant integrated map, a 
routing algorithm generates novel routes and shortcuts. The 
integrated map permits the navigator to compute the shortest 
route between two sketch maps that do not have common 
positional landmarks.  

The spatial orientation and routing are so important skills 
for survival of animals and humans that evolution dedicated 
special areas of the brain (located mostly in the hippocampus) 
just for these tasks. It appears that species with evolved 
behavior that require intensive spatial cognition, such as 
hunting, foraging and navigation, result in having physically 
larger hippocampus [20]. PMT permits to explain gender 
differences in human behavior by experimentally verified 
greater activation of the brain areas responsible for different 
types of parallel maps. For example, human males perform 
better on spatial cognition that requires spatial geometry and 
distal cues (bearing map), while females are more accurate 
when using positional cues (sketch maps). 

IX. REPRESENTATION OF TRAJECTORIES 

In the standard symbolic LG, the trajectories are represented 
as discrete objects, i.e., strings of symbols with parameters – 
coordinates of the abstract board. It is likely, that in proto-LG 
trajectories are represented as hybrid objects: contiguous 
curves (routes) with labels analogous to time stamps. These 
labels should represent a sequence of locations along the 
trajectory separated by a fixed time interval assuming 
movement with constant speed. The labels could be 
envisioned as virtual milestones. It is possible that this is 
exactly how they were treated by the brain of the ancient 
humans and human ancestors. Thus, a trajectory is a 
combination of a curve (in 2D/3D space) with a discrete 
sequence of labels. Every label could carry an ordinal 
“number” and a unique identifier of the cell of the integrated 
map (represented as a grid). Examples of discrete trajectories 
in LG are shown in Sections III and IV.  

A discrete representation of a trajectory is required for a 
number of reasons. For generating a zone several trajectories 
should be linked to each other. For example, first negation 
trajectory should be linked to the main trajectory, second 
negation trajectory - to the first negation trajectory, etc. 
Discreteness permits to determine the specific label in the 
middle of the main trajectory for each connection. In addition, 
zone generation requires information about the time necessary 

for movement along a trajectory with a constant speed. In 
Physics, for contiguous routes such times are obtained by 
dividing the length of the route (trajectory) by the speed. 
When we account for the age of the proto-LG (millions of 
years) when human ancestors were unaware (and, probably, 
incapable) of symbolic computations, the approach to time 
handling based on arithmetic division is unacceptable. 
However, with discrete labels in the proto-LG, the time could 
be represented as the total number of moves along the 
trajectory assuming that every move represents a movement 
within one fixed time interval (common for all the 
trajectories). Yet another reason for discretization is the 
requirement of synchronized concurrent movement of multiple 
entities along their trajectories. To simplify synchronization 
(to avoid symbolic computations), the analog algorithm 
supporting this requirement, should initiate concurrent 
animated movement of the entities along their trajectories 
(routes) by following a simple rule: within one time interval 
every entity moves between two consecutive labels (see also 
Section XI). 

To support hybrid trajectories, the brain of human ancestors 
should have had a capacity to encode and maintain 
information about the serial order of perceived (or planned) 
events, i.e., sequence of labels [5]. This capacity is essential in 
many domains including the comprehension, learning and 
production of action sequences. The ability to recall serial 
order information from working memory has been studied by 
cognitive psychologists. Ordinal categorization of items 
requires both information about the rank of an item (for 
example, based on temporal order) and its identity [30]. In 
case of the trajectory in the proto-LG, these are the label 
number and the cell identifier (on the integrated map).  

Experiments have shown that neurons of ordinal number 
representations are present in the macaque monkey [30]. 
Monkeys were trained to observe and remember the order in 
which three visual objects appeared. The animals planned and 
executed a triple-reaching movement in the same order as 
previously seen. A group of neurons were only active when 
the monkeys reached or saccaded to the first, second, or third 
target, irrespective of the targets’ location and the precise type 
of movement. Moreover, a group of neurons would only 
discharge whenever a certain object appeared at a given 
position in the sequence. 

Analogously to the standard LG, in the proto-LG, the 
quality of every trajectory is evaluated (Section III). The 
evaluation algorithm is similar to the standard symbolic LG. It 
takes into account all the intersections of the trajectory with 
adversarial intercepting trajectories. As discussed above, each 
intersection is linked to specific label. Thus, a section of the 
trajectory between consecutive labels can be marked as closed 
or open based on the outcome of the local skirmish.  For 
example, in a simple situation, a piece moving along the first 
negation trajectory approaches the main piece (in attempt to 
intercept it), and their skirmish begins. In a more complex 
situation, both pieces represent groups of entities. Analogously 
to the standard LG, the proto-LG avoids analysis of the hand-
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to-hand fighting. Instead of computing optimal outcome of 
such a close encounter, the proto-LG utilizes approximations 
such as probability-of-kill or attrition rate, depending on the 
type of skirmish (Section III). Thus, in this case, the decision-
making is reduced to using an equivalent of the look-up table.  

Based on the outcome of the skirmish (the look-up table) 
the evaluation algorithm marks the section of trajectory closed 
if this outcome is in favor of the adversary, i.e., the 
intercepting piece, or marks it open section otherwise. The 
number of closed sections of the trajectory represents its 
quality. The greater this number, the smaller quality of the 
trajectory is. The open trajectory does not have closed 
sections. All the trajectories within the zone and the main 
trajectories of zones are compared to pick up those of the 
highest quality for movement. As discussed in Section VII, 
these types of numerical evaluations and comparisons were 
completely within the scope of capabilities of the ancient 
humans and human ancestors.  

X. ZONES IN PROTO-LG 

In Sections VIII and IX we discussed algorithms for 
generation and representation of trajectories (new routes). A 
highly advanced algorithm of spatial navigation and routing 
discussed in Section VIII is related to the self-routing. 
However, the predator skills required for survival led to 
extending this model to predictive routing of a prey. 
Moreover, evolution of the social animals extended this model 
even further, to collective mutual routing of the pack of 
predators pursuing the prey or even the herd of preys. 
Generation of multiple trajectories, for attack (relocation), 
intercept and retreat, construction of the network of those 
trajectories were the ultimate skills required for hunting and 
subsequent warfighting. These skills were further perfected by 
evolution in chimpanzees and human ancestors. Considering 
the LG terminology, these are the key components of the LG 
zone. Specifically, a predator pursuing a prey is actually 
moving along the first negation intercepting trajectory in the 
zone where the prey is following the main relocation 
trajectory.  The predator should follow a trajectory to arrive at 
the destination exactly when the prey will be passing this 
location. Obviously, this arrival should not happen after the 
time of passing but it should not happen before time either 
because the prey will change the main trajectory of the zone 
(from the same bundle) or even change its destination by 
switching to a different zone. A similar situation has actually 
took place in the example presented in Section  IV, Fig. 2, 
bottom, where the predator, the Knight,  arrived at the waiting 
location of b5 too early and the prey King (turned into 
predator) at c6, threatened the Knight, and managed to arrive 
at its destination c7 safely. Of course, all this happened due to 
serial alternating movements. In case of concurrent, real life 
movements several different scenarios could be considered 
including the one when both the pray and the predator would 
have arrived at the destination c7 simultaneously.  

In general, during such pursuit, the main trajectory and the 
intercepting trajectory are changing. In the LG terms, this 

means that the hunting game is taking place in the 
dynamically changing zones. A dynamic regeneration of zones 
is done by animals in real time. When a zone includes a 
pursuit by the pack of predators like wolves, the regeneration 
of it is taking place for all the entities involved in the 
movement, the predators and the prey. To be more specific, 
the proto-LG executed in the brains of all participants 
generates all the trajectories of the zone, plans concurrent 
movement of all the entities along those trajectories, 
regenerates trajectories as the zone is changing, and the cycle 
repeats in the new zone. All the above operations are taking 
place in real time.  

The entire network of zones is updated on every move 
(tick). In many cases the change is minor, however, in some 
cases such an update leads to complete regeneration of the 
network. Constant “dynamics”, i.e., performing constant 
concurrent changes, is likely to be the most difficult skill for 
the human brain. This is where the selected personalities such 
as advanced commanders show their superiority. 

Hunting for groups of primates including humans was 
coordinated [4]. It is possible that human ancestors actually 
pre-planned this activity and the actual pursuit was chosen out 
of several options. Animals as well as humans have inherent 
tendencies toward group behavior. This is the major 
evolutionary step for survival of the species providing 
significant advantages such as protection, efficient foraging, 
and synergy in task performance. Any group activity requires 
coordination in order to achieve common goal. The group 
coordination requires intense communication, including 
vocalization and gestures, for mediating decisions at the group 
level. Another important trait is a hierarchical concentration of 
decision-making power with the dominant member(s) of a 
group, usually, those that have high formal status. Such 
concentration is important because coordinated action as 
contrary to the anarchy leads to much more efficient group 
performance irrespective to the quality of decision-making.  

XI. CONCURRENT MOVEMENT 

Hybrid representation of trajectories supports concurrent 
movement of entities. Unfortunately, even if the brain is 
composed of multiple parallel processors, at a higher cognitive 
level, it behaves like a surprisingly slow and serial machine 
that can do one operation at a time [13]. Experiments have 
shown that several different tasks are actually executed in 
parallel except for one central stage where they encounter a 
bottleneck. We can recognize several objects or make several 
responses in parallel but not make several decisions 
simultaneously. In particular, experiments have shown that the 
brain cannot simultaneously adopt two different optimality 
criteria of response while trying to simultaneously make two 
distinct decisions [18]. The algorithm of the proto-LG requires 
concurrent movement of entities (and their actions) along 
several trajectories in several zones. As discussed in Section 
IX, at the intersection of trajectories, usually, a decision-
making has to take place. It is required to decide the outcome 
of the skirmish of the pieces involved. These could be singular 
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pieces collided in an action or pieces representing groups of 
entities. The proto-LG avoids analysis of the hand-to-hand 
fighting. Instead of computing the optimal outcome of such a 
close encounter, the proto-LG utilizes approximations, i.e., 
probability-of-kill for singular pieces or attrition rate for the 
groups, respectively (Section III). Thus, the decision-making 
computations that do not support concurrency are replaced by 
the equivalent of a look-up table.  

The global algorithm is as follows. The “sky clock” is 
ticking equal time intervals (ticks). During each interval, 
pieces in all the zones that have to move make their moves 
along their trajectories (between consecutive labels-
milestones). Simultaneously, pieces involved in a hand-to-
hand battle continue this battle by simply, spending several 
ticks and … doing nothing until the look-up table commands 
that the local skirmish is over. Several skirmishes could be 
executed simultaneously. Pieces that survived (also, according 
to the look-up table) continue concurrent movement along 
their trajectories. This algorithm of concurrent movement and 
actions in the proto-LG is highly “homogeneous” in a sense 
that it permits avoiding interruption of concurrency by 
replacing precise computation of optimality of actions by the 
approximate decisions. If a brain still experiences difficulty in 
executing total concurrency, the “sky clock” is stopped and 
several movements and actions are continued one at a time, 
then the “sky clock” is restarted and the concurrency 
reengaged. It is likely, that human personalities (their brains) 
differ drastically in their ability to execute this homogenous 
concurrency. It might be the case that this ability permits to 
distinguish personalities with the most advanced commanding 
skills.  

XII. WARFARE AND PROTO-LG 

From our point of view, the coordinated hunting of human 
primates was the last major evolutionary step to warfare and 
this way to the full scale proto-LG. Only the warfare-type 
operations could form a complete proto-LG with various types 
of dynamic zones with trajectories of multiple levels of 
negation. Is warfare old enough to give an ample time for the 
evolution of the proto-LG into the advanced geometrical LG 
of modern times?  

For a long time a prevailing view was that warfare is a 
product of human culture and thus a relatively new 
phenomenon. However, recently, scientists reached a 
consensus that war is as ancient as humankind and has played 
an integral role in human evolution [14]. War was already 
there in the common ancestor that we share with chimpanzees. 
“It was both fascinating and appalling to learn that 
chimpanzees were capable of hostile and territorial behavior 
that was not unlike certain forms of primitive human warfare” 
[17]. Darwin pointed out that warfare in prehistoric times, 
since it involved conflict between groups, rather than between 
individuals, must have put considerable selective pressure on 
the development of increasingly sophisticated cooperation 
among group members. He wrote, “There can be no doubt that 
a tribe including many members who, from possessing in a 

high degree the spirit of patriotism, fidelity, obedience, 
courage, and sympathy, were always ready to give aid to each 
other and to sacrifice themselves for the common good, would 
be victorious over most other tribes; and this would be natural 
selection” [11].  

We consider several results of research that carry the advent 
of warfare back at least to the beginning of Pleistocene, i.e., 
one million years, and probably as much as three or four 
million years [14], [15]. Cut marks on hominine cranial 
remains possibly related to warfare predate the emergence of 
modern humans by more than three million years. Body part 
trophy taking is the earliest archeologically documented 
human ritual activity and predates the earliest evidence of the 
intentional burial of bodies by millions of years. Body trophies 
served both to dehumanize the enemy and augment the social 
standing of the warriors who obtained them. The persistence 
of this practice over such a span of time and its resistance to 
eradication, even in modern societies, suggest that individuals 
and groups that practice it accrue consistent competitive 
advantages. Different archeological research on causes of 
deaths during Pleistocene, ethnographic and historical reports 
on recent foragers suggest that intergroup contacts were 
extensive and group conflicts were common and often lethal. 
Fossils of early humans have wounds consistent with warfare. 
Studies suggest that warfare accounts for 10% or more of all 
male deaths in present-day hunter-gatherers. Simulations show 
that this level of mortality is sufficient to have a significant 
impact on human evolution. 

Below, we discuss an interesting hypothesis, which is 
related to the evolution of warfare and, certainly, to the 
evolution of proto-LG. Why did the human brain continue to 
evolve far beyond what would seem to be necessary to 
accompany the adaptations needed for the life on the 
savannah, namely bipedalism and tool use [33]? There are 
many different parameters of the brain evolution, including 
intelligence and, simply, brain volume, from 400 cc for a 
chimpanzee, 500 cc for Australopithecines, 639 cc for Homo 
habilis, and up to 1370 cc for a modern man. All of those 
parameters are related and should be considered in concert. 
“Qualities of intelligence, courage and altruism would have 
been highly valued and the best warriors may well have more 
women and fathered more offspring than cowardly and less 
skilled group members. This process would escalate, because 
the greater the intelligence … the greater the demands placed 
on enemies” [17]. Following [1], [3], [17], [33], we suggest 
that warfare may have been the principle evolutionary 
pressure that created the huge gap between the human brain 
and that of our closest relatives leading to this extraordinary 
expansion of the brainpower, i.e., human intelligence. Whole 
groups of hominids with inferior brains could not win wars 
and were therefore exterminated. In such case, the proto-LG 
should be considered the central brain algorithm out of those 
utilizing the Primary Language.  

In our discussion, which closely follows [1], [3], [33], we 
are concerned with conflicts between groups of animals (not 
individuals), which may lead to group selection and require 
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both cooperation inside the group and competition outside 
with considerable numbers of their own species. We focus on 
the issue why the early hominids were capable of practicing 
warfare and, in this respect, what distinguishes them from all 
other species. Warfare roughly means killing the same species. 
This is very rare in nature. Every such warrior would face a 
risk of serious injury and impairment of reproductive 
potential. This is considered to be the main deterrent. This risk 
is so great that even an opportunity of reduced competition 
and increased availability of food and mates do not permit to 
overcome it. In order to make warfare “normal”, a group must 
overcome this deterrent. There is an ancient concept of the 
“noble warrior” who is conditioned to believe that his duty is 
to sacrifice himself for the greater good of his group. 
However, there is a counter-argument that this concept was 
out of reach for the early hominids, and required more 
advanced human brain. There is a simpler, more fundamental 
concept that solves the deterrent problem, which is a by-
product of evolution not shared by other species. Hominids 
learned to use tools as weapons, which is different from the 
actions of other animals, as follows: weapons can act at a 
distance; a defender needs time to deploy them (a few 
moments to grab a club); one directed blow can incapacitate 
by stunning or killing. In the LG terms, utilizing a weapon and 
exercising tactical ingenuity may allow an attacking hominid 
to increase his probability-of-kill and reduce it for the 
adversary. Indeed, a hominid who succeeds in surprising his 
adversary has an excellent chance of stunning him and 
immediately move for the kill with little risk for himself. Even 
if his strike fails he has a chance to escape because it would 
take time for the adversary to grab a weapon and counter-
attack. Thus, a hominid with superior skills and ingenuity may 
persuade himself that he faces little risk. The weapons concept 
should have permitted to overcome the deterrent of self-
preservation and make warfare a favorable behavioral 
strategy, success in which is sensitive to tactical ingenuity, and 
hence to intelligence. A relative simplicity of this concept 
does not require much intelligence for the initiation of 
warfare, and should have been within the capabilities of the 
early hominids.  

The same principle of the critical role of intelligence can be 
extended to the behavior of the group in warfare. This is the 
direct domain of the proto-LG. Organization and coordination, 
prediction of the opponent’s behavior, originality of battle 
plans surprising opponent, various kinds of deception – all 
those major components of LG are needed for success in 
warfare. The same capabilities could be used to measure the 
advancement of human intelligence.  

It appears that warfare evolved as a natural consequence of 
the use of tools by hominids because this usage led to freedom 
from predation and opened up new food sources through 
hunting, thus creating a population explosion. When critical 
densities were reached, warfare became biologically the most 
successful adaptation to control population growth. 

XIII. CONCLUSION  

This paper is yet another step in our research, [65], [66], 
[67], discovering the common foundation of human reasoning 
about military operations and demonstration of this reasoning 
taking place throughout human history. We demonstrated that 
LG is actually a representation of conflicts and strategies, a 
product of millions of years of evolution of animals and, 
eventually, of human species. Understanding these conflicts 
and handling them stimulated evolution of human intelligence. 
Thus, the role of LG is twofold: it is a product of evolution 
and the prime mover of evolution of intelligence. The proto-
LG algorithm had been “hard wired” in the human brain long 
before any spoken languages appeared on Earth.  

Since 1980s, when we sketched the first formal 
mathematical representation of LG as a hierarchy of formal 
languages, experts in strategies (advanced chess players, 
military experts) and computer scientists were always puzzled 
about the dual nature of the subject. The first component of 
this duality is the visual, “intuitive” geometry of the board, the 
trajectories, the networks of trajectories and the entities 
moving along these trajectories. The second component is the 
“high-flying” dynamic hierarchy of formal languages 
representing this geometry mathematically. We would like to 
suggest that this duality is a reflection of the more general 
duality, a relationship between the Primary Language and the 
Secondary Languages such as Mathematics and natural 
languages. We believe that the duality of LG gives us a key to 
discovering the nature of the Primary Language. 

A highly intriguing and difficult issue is an algorithm of 
discovery, i.e., an algorithm of inventing new algorithms and 
new models. This algorithm should also be a major ancient 
item “recorded” in the Primary Language. By investigating 
past discoveries, experiences of construction of various new 
algorithms, and the heritage of LG, we will make a step 
towards understanding of this puzzle. 
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Visiting Professor. At McGill, Dr. Stilman coined the term Linguistic 
Geometry (LG) as a name for the new theory for solving abstract board games 
(ABG) based on the approach developed in Moscow. LG is a type of game 
theory, which allows us to solve classes of adversarial games of practical scale 
and complexity. Since 1991, Dr. Stilman has been Professor of Computer 
Science at the University of Colorado Denver, CO, USA, where he received 
major results in LG. A leap in applying LG to the real world problems was 
made in 1999, when a group of scientists and engineers founded a company, 
STILMAN Advanced Strategies (STILMAN), with Dr. Stilman as Chairman 
& CEO. STILMAN developed over 30 advanced LG-based systems, all 
related to the US national defense.  

While in the USSR, Dr. Stilman received a number of awards from the 
USSR Academy of Sciences and the USSR State Committee for Science and 
Technology. Since 1991, Dr. Stilman received all the top research awards 

from the University of Colorado Denver, numerous major awards from the US 
Department of Defense and Department of Energy, the UK Ministry of 
Defense, from the world major defense contractors including Boeing, BAE 
Systems (UK), SELEX Galileo (UK), Fujitsu (Japan). He published over 200 
research papers and several books including “Linguistic Geometry: From 
Search to Construction”, Kluwer Academic Publ. (now Springer), 2000. 
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Abstract---a double diffused  (DMOST) type, self 
aligned gate MOSFET has been fabricated by a 
double ion-implantation to form source, drain 
and channel, using a five mask step procedure. 
 
Key terms---MOSFET,     DMOST,    Sub-micron 
Channel,   Ion-implantation,  Krypton, 
Amorphous Silicon, Anneal.  
  
I.  Background 
 

In 1974, Welch presented a MASc. Thesis to the 
University of Toronto describing fabrication of 
DMOS Transistors by a double ion-implantation 
involving five (5) mask steps.   MOSFET is an 
acronym for Metal Oxide Semiconductor Field Effect 
Transistor, the basic structure of which is shown in 
Fig. 1, and described by Lilianfeld (8). 

 
 
 
 
 
 

                        Fig. 1 shows a  conventional  MOSFET  
                        Source, Channel and Drain configuration. 

 
The Double Diffused structure differs from the 

Fig. 1 structure in that a second diffusion is 
performed at the Source region.  Figs. 2 and 3 
demonstrates the difference.   

 
 
 
 
 
 
 

            Fig. 2 shows a D-MOST  Double Diffused  
            Source region, Channel and Drain configuration. 

 
 
 
 
 
 
 
 
 
 
 
 
 

                 Fig. 3 shows doping profiles for the  
                 Fig. 2 DMOST.  
 
     Note in both the Fig. 1 and Fig. 2 structures that 
heavily n-type dopant (N+) Source and Drain regions 
are separated by a p-type (P) region.    The Figs. 2 
and 3 DMOST also includes a low n-type (N-) Drift 
region.  In use a positive Gate Voltage is applied to 
attract electrons (e-) into the p-type Channel region.    
This completes a conductive path between the (N+) 
Source and Drain regions.    The greater the applied 
Gate voltage the more conductive the Channel 
becomes and the more current flows there through.  
The significance of the DMOST structure is that the 
Channel region is relatively short as compared to the 
Channel region of the conventional MOSFET.   This 
means that in use a carrier injected from the Source 
can far more quickly move through the Channel and 
into the Drain region, via the (N-) Drift Region.    
This means the DMOST is capable of higher 
frequency operation, and since the (N-) Drift region 
is present, the space charge region present at the 
Channel to (N-) Drift region, (which is reverse biased 
in use), extends primarily thereinto as that reverse 
bias is increased.  Therefore the Current v.  Drain to 
Source Voltage curves can be expected to be “flatter” 
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as compared to a conventional MOSFET. 
 
     Fig. 4 is presented at this point:  
 

 
 
                    Fig. 4 shows Drain Current v. Drain to 
                    Source Voltage as a function of Gate  
                    Voltage for a fabricated DMOST. 
 
as it demonstrates MOSFET operation, via results 
obtained by testing an actual fabricated DMOST 
reported herein, (see reference (1)).   
    
II.  Fabrication procedure 
 
     As reported in reference (1), Fig. 5 herein shows 
that the fabrication procedure began with the 
selection of <100> 1015/cm3 doped n-type silicon and 
growth of 1000 Angstroms of SiO2 on a polished 
surface thereof.   This was followed by 500 KeV 
krypton ions being implanted straight therethrough to   

  
                             Fig. 5  shows  a  silicon  crystal  
                            amorphizing  implanted Krypton 
                             profile.    (See Fig. 21 also). 
 
a dose  of 1014/cm2,  with the substrate held at  78 οK, 
to drive the substrate amorphous to a depth which 
will contain the DMOST.    
 
     Next 3000 Angstroms of chromium was e-beam 
evaporator deposited atop the oxide, and the source 

window opened with a Fig. 6 mask. 
   
     Doubly ionized Boron  (B++) was then implanted 
at 116 keV at a 30 degree angle to the surface, in 
four 90 degree rotated  directions, and   straight   into 
 

 
 
                                         Fig. 6  shows  a  first 
                                         photolithographic mask. 
 
the   source region substrate, (but was blocked by the 
chromium in other areas), to a 2.13 x 1012/cm2   dose. 
Fig. 7 shows that this was to implant the boron 
under the edges of the chromium in the region of the 
source opening, which chromium edge became a 
self-aligned gate.   This formed the DMOST sub-
micron length p-type channel region. 

 
                            Fig. 7 shows an angled implanted  
                             boron implant profile. 
 
     Fig.  8 shows that boron profile for the straight-

 
             Fig. 8 shows a straight-in  implanted  boron profile.  
          
in implant .   
             

 

ISAST Transactions on Computers and Intelligent Systems, No. 2, Vol. 3, 2011 (ISSN 1798-2448) 39

39



The next step was  to  use a  Fig. 9   second mask 
to open a drain window,   followed    by  implanting  

 
                                       Fig. 9. shows a second  
                                       photolithographic mask. 

 
100 keV phosphorous (P+) straight into the substrate 
to a dose of 8.75 x 1013 to form highly doped (N+) 
concentration source and drain contact regions.    
Fig. 10 shows the straight-in phosphorous 
implanted profile in both the source and drain 
regions. 

 
                            Fig. 10  shows  a  straight-in 
                            implanted phosphorous profile. 
 
Next a Fig. 11 third mask was used to remove all 
chromium except for that which formed the self 
aligned gate, and a pad for electrical probe contact.    
 

 
         Fig. 11  shows  a  third photolithographic mask. 
                              
     This was followed by a 650 degree Centigrade 

anneal for 30 minutes.   This caused the single 
crystal in the substrate bulk to epitaxially regrow to 
the substrate surface, and in the doing thereof 
incorporate the implanted boron and phosphorous 
onto electrically active substitutional sites.  If the 
krypton amorphization step was not performed, the 
annealing temperature to activate boron in single 
crystal silicon is 900 degrees Centigrade, which was 
found to destroy the self-aligned gate chromium.   
 
       Next, a Fig. 12 forth mask was used to open 
access through the oxide to allow source and drain 
contact to the silicon, This was followed by e-beam 
depositon of aluminum over the entire substrate 
surface.      

 
                    
                                  Fig.12  shows  a  forth  
                                  photolithographic mask. 
 
Finally, a Fig. 13 fifth mask was used to delineate  
 

 
              Fig. 13 shows a fifth photolithographic mask 
 
the    DMOST source, drain and gate.    This was 
followed by a sinter at 550 degrees Centigrade. 
 
   Fig. 14 shows a 100x photograph of the  resulting 
DMOST device and again, Fig. 4 shows current vs. 
drain voltage as a function of gate voltage. 
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                        Fig. 14. shows a photograph 
                       Of  a   fabricated  DMOST. 
   
  III.  Additional Work 
 
      During the described work the question arose as 
to what the Chromium deposited atop the silicon 
dioxide did during the 650 degree Centigrade ion 
activating anneal.     To investigate this, Welch 
fabricated MOS Capacitors as indicated in Fig. 15. 

 
        Fig. 15. shows the structure of  an MOS Capacitor. 
 
      Chromium was deposited on the silicon dioxide 
and on the rough unpolished back of the silicon.   
Fig. 16 shows the theoretical results expected when 
voltage is swept from negative through positive 
values   in   a   MOS   capacitor.       Said     Fig.  16  
 
 
 
 
             
 
 
 
 
                       Fig. 16.show MOS  capacitance plots. 
 
specifically shows that an MOS capacitor formed on 
n-type silicon shows  varying   capacitance as a 

function of applied voltage swept from positive to 
silicon inverting negative voltage.    
 

 
 
                     Figs. 17a – 17b show    MOS   capacitance 
                     Plots  before  and  after  anneal.    
 
    Figs. 17a and 17b were obtained for an MOS 
capacitor formed with chromium atop the silicon 
dioxide and on the rough unpolished back side of 
the silicon, as indicated in Fig. 15.   The anneal was 
performed after deposition of chromium on said 
unpolished backside.   Note the peak capacitance 
decreases after anneal.    Figs. 17c and 17d show the 
results when the anneal is done before deposition of 
chromium onto the rough unpolished silicon back 
side.   Note the peak capacitance does not decrease.      
The cause of the decrease in peak capacitance, 
shown   in Figs.  17a and 17b, was traced to the 
formation of a very good, 80 volt reverse 
breakdown, rectifying diode on the back rough 
unpolished side of the n-type silicon, as 
demonstrated in Fig. 18. 
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                        Figs. 17c – 17d show MOS  capacitance 
                        Plots  before  and  after  anneal 
 
 
 

 
 
 
                            Figs. 18 shows  a  current-voltage  
                            Curve   for  a  chromium-n-type 
                            Silicon   Schottky   barrier   diode  
                            formed on rough unpolished silicon. 
 
 
     This reference (1) reported discovery that led to 
the research reported in references 2, and 4 – 6. 
 

     It will also be recalled that the starting 1015 n-
type silicon was initially driven amorphous so that a 
single anneal at 650 degrees Centigrade would 
electrically activate the implanted boron and 
phosphorous ions.   This raised the question as to 
what the implanted amorphizing krypton ions did 
during the recrystalization 650 degree Centigrade 
anneal.    As it turns out, the answer  is complicated 
as is made clear in an article published in a 1977,  J. 
of Appl. Phys. (3).     
 
   Fig. 19, adapted from reference (3), shows that for 
a silicon wafer implanted at 50 keV with a dose of 
beta emitting 85kr ions at a dose of of 7 x 1014 per 
cm2, that between 500-600 degrees Centigrade 
much of, (ie. about 65%), the 85kr implanted 
thereinto exited the wafer, as indicated. Fig. 20 also 
from    reference (3),       shows      more    detail   of  
 

 
   
            Fig. 19. shows that 50 keV krypton  implanted 
            into silicon  exits  therefrom between 500-600 οC. 
 
residual 85kr    as a function of   implanted dose and 
anneal temperature.   Note there is a range of 
implant dose between 1014 – 1015 cm2   in   which 
Krypton   below and above that dose range the 
effect is not present.   This was attributed to 
formation of an amorphous region between 1014 – 
1015 cm2 that regrows toward the silicon surface 
with a sweeping interface between single crystal in 
the bulk and the amorphous region.      Below the 
1014 cm2 dose level the amorphous region does not 
form, and above the 1015 cm2 level regrowth does 
not involve a sweeping interface. It was suggested 
that there is so much krypton present that the 
interface is broken-up during recrystalization.  This 
topic is better described in Migration of Ion-
Implanted Krypton in Silicon During Anneal” (3).       
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                     Fig. 20.  shows   krypton  
                    implanted into silicon at various 
                    doeses   and  energies   exit 
                    therefrom as a result of annealing. 
 
 
     Finally, it is noted that during the reported work, 
numerous calculations of ion-implantation projected 
ranges and standard deviations of carrier profiles 
and damage were necessarily performed. This was 
accomplished using the L.S.S. theory (7).   Fig.  21 
is provided to give insight as to what this entailed.   

 
                          Fig. 21, example of ion-implant 
                            Profile. 
 
As a relevant example Fig. 21 provides an expanded 
version of Fig.  5.   Note that the 500 keV krypton 
ions implant led to a projected range depth below 
the surface of the silicon dioxide of 2693 

Angstroms, and that provided a 2 x Standard 
Deviation damage profile that extended to the 
interface of the Si and SiO2, (Experimental Helium 
back-scattering verified this result). 
 
     It is noted that chromium etching was achieved 
using a mixture of cerric ammonium nitrate and 
perchloric acid, and Aluminum was etched with hot 
phosphoric acid).
 
IV. Conclusion 
 
      A DMOST MOSFET has been fabricated by a 
five mask procedure comprising the selection of a 
1015/cm2 n-type silicon substrate and growing 1000 
Angstroms of SiO2 thereupon, followed by the 
implantation of 1014/cm2 krypton ions therethrough 
at 500keV while the holding the substrate at 78 οK 
to maximize single crystal amorphization.   This 
was followed by e-beam deposition of 3000 
Angstroms of chromium atop the SiO2 and the 
photolithographic opening of a source window to 
the SiO2, through which 116 keV boron (B++) was 
then implanted in four 30 degree angular directions, 
and straight into the source region, each  at a dose 
of 2.13 x 1012/cm2.  A drain window was then 
opened and 100 keV phosphorous was implanted 
straight thereinto at a dose of 8.75 x 1013/cm2 dose.   
The substrate was then annealed at 650 degrees 
Centigrade for 30 minutes to place the implanted 
boron and phosphorous in electrically active 
substitutional sites via a recrystalization from the 
bulk crystal upward. Non-self aligned gate 
chromium was then removed, access opened to the 
source and drain silicon through the SiO2, aluminum 
e-beam deposited onto the substrate and the 
DMOST delineated by an additional photo-
lithography step, followed by successful testing.  
Also discussed are MOS capacitors formed from 
chromium, and migration of 85Kr implanted into 
silicon, as functions of annealing processes.  
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values, we tried to process the least pixels to prevent a waste 

of time. The result of testing 10 different utterances was 

78.3% for visemes detection and 67.1% for visemes 

recognition. We hope that someday a system will be created to 

decrease the obstacles to the relationship between deaf, dumb 

and other people. 
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ASP-Based Real Time Complex Event Detection in
a Resource-Limited Multimedia Sensor Network

Fadi Al Machot and Kyandoghere Kyamakya

Abstract—This paper presents a real-time complex event detec-
tion concept for resource-limited multimedia sensor networks. A
comprehensive solution based on Answer Set Programming (ASP)
is developed. It is shown that ASP is an appropriate solution
to robustly detect both simple and complex events (video-audio
understanding) while running on a limited resources platform
with limited power, memory and processing resources. We
underline the major weaknesses of the existing related concepts
based on logic programming. To finish a detailed evaluation of
our concept is performed through an extensive experimentation
involving benchmark dataset of surveillance videos.

Index Terms—Multi-sensor Network, Logic programming, An-
swer Set Programming, Event Detection

I. INTRODUCTION

DETECTION of different events or situations has become
an important topic in audio and video surveillance sys-

tems in the last years. Especially the surveillance of public
areas such as airports or train stations has been in the focus
of research and development e.g. audio and visual events
in sports [18] or audio events in the military [14]. Some
surveillance systems have to be be installed in resource -
limited areas/situations where power, memory and processing
resources are limited. This limitation is a real challenge for
surveillance systems researchers. It is especially the case when
the system has to be robust, run on chip and detect events in
real time.
The existing solutions for event detection in surveillance

systems can be divided in two main groups: a) model-based
detection systems (probabilistic or statistical ones), and b)
rule-based detection systems (logic programming and context
modeling). On the other hand some other interesting paradigms
such as constraint satisfaction programming (CSP), quanti-
fie boolean formulas (QBF), or firs order logic (FOL)do
unfortunately not offer the expressive capability to defin the
knowledge necessary to model the spatial and temporal context
information at stake in video understanding systems.
In this paper we therefore propose a solution based on

answer set programming (ASP) to realise a system able to
detect complex events in real time, is robust and can easily
run on chip (DSP or FPGA).
In this paper we are solely dealing with the detection of

complex events in short term, that is, within some seconds
only (or up to maximum one minute).

F. Al Machotand K. Kyamakya are with Institute for Smart
System Technologies, Transportation Informatics, Alpen-Adria-University
Klagenfurt, 9020 Klagenfurt, Universitätsstrasse 65-67, Austria (e-mail:
forename.surname@uni-klu.ac.at).

II. RELATED WORKS

Several papers on complex event detection have been
published. The main approaches involves supervised learning
for event detection. Many works use Bayesian Networks for
event recognition such as [10], [28], [2] or [12]. Others use
support vector machines [17] or hidden markov models [22]
[11].

These methods show in some scenarios a high detection
rate and in others very low detection rate. Still, using model
based complex event detection needs many (a huge number of)
trainings samples. Further, the classificatio involved usually
does not support different types of events.
A possible way of dealing with scene understanding is an

ontology based context modeling and reasoning. It is not only
important to record and detect different events. An important
issue is to understand the scene. Some works are based on
context modeling and reasoning, see Refs [27], [25], [29],
[13], [26] or [23]. The problem of these concepts remains
the limitation of running on chip.
Another way to build a surveillance system for complex

event detection is to use logic programming whereby several
approaches have been illustrated in [24] [4] [20]. Hakeem and
Shah [9] have presented a hierarchical event representation
for analysing videos. The temporal relations between the sub-
events of an event definitio are represented using the interval
algebra of Allen and Ferguson [1]. In the ASP based approach
for event recognition, however, the availability of the full
power of logic programming is one of the main features.
It further allows activity definition to include spatial and
temporal constraints. In particular, some logical programming
languages do not offer arithmetic operation built-ins and
numeric constraints can affect decidability.
A well-known system for activity recognition is the Chron-

icle Recognition System (CRS). The language includes predi-
cates for persistence and event absence [3]. The CRS language
does however not allow mathematical operators in the con-
straints of the temporal variables. Consequently, CRS cannot
be directly used for activity recognition in video surveillance
applications. Shet et al. have presented a logic programming
approach for activity recognition [19]. The temporal aspects
of the definition of Shet, Davis et al. are not well represented,
there are no rules for computing the intervals in which a
complex event takes a place.
There are many interesting applications based on ASP [8]

e.g. in planning, reasoning about action, configuration diag-
nosis, space shuttle control, spatial, temporal and probabilistic
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reasoning, constraint programming, etc. The rest of the paper
is organized as follows: Section 3 overviews a case study and a
detailed description of the proposed concept based on answer
set programming. Then section 4 describes the performance
results of the concept developed. Finally, section 6 presents
concluding remarks followed by an outlook of future works.

III. CASE STUDY: SMART RESOURCE-AWARE
MULTI-SENSOR NETWORK

The SRSnet project aims at constructing a smart resource-
aware multi-sensor network. The goal is to deploy a sensor
network consisting of both video and audio sensors and that
is capable of detecting complex events in a given environment
with limited infrastructure (relating to power and wireless
communication). This especially means that there is no access
to a power grid and thus the sensor nodes must be able
to operate on battery and renewable energy for as long
as possible. As a multimedia sensor network, the SRSnet
needs not only to record and transmit sensor information but
also perform on battery and renewable energy for as long
as possible. As a multimedia sensor network, the SRSnet
needs not only to record and transmit sensor information but
also perform on-board data processing. In this case, object
detection, localization and tracking will be performed using
audio and video data. An integral part of the SRSnet project
is the detection of high level events. Low level events detected
by audio and video processing are the bricks for higher-
level complex events. Additionally, the network must react
to events and to new task assignments. This requires the
presence a module for dynamic network reconfiguratio which
task is to reconfigur sensor parameters and nodes according
to events, task assignments and resource requirements. This
module receives information on detected events and on the
current orientation of PTZ cameras as input. A resource aware
multimedia sensor network like SRSnet can be deployed in
environments like national parks to help protect sensitive
environments. We will demonstrate our project in the National
Park Hohe Tauern in Austria. To archive events and provide an
interface to users, we do use a multimedia data warehouse to
collect detected events and multimedia artefacts. Users can
then query the database for interesting events in time and
space. The data warehouse is meant to be deployed outside of
the sensor network itself (i.e. as a cloud or Internet service). To
feed information into the data warehouse we use web services
which are called from the network. This architecture enables
us to save energy by only connecting to the data warehouse
on demand. A persistent connection is not needed. Figure 1
shows an overview of the SRSnet project parts and the data
fl w between them.
Figure 1 shows an overview of the SRSnet project parts and

the data fl w between them.

A. Complex Event Detection based on Answer Set Program-
ming

Complex event detection in audio video sensor networks is
based on three main steps: a) the firs step is the extraction

Fig. 1. The components of SRSnet and the data fl w between them. Bulbs
indicate fl w of data while lightnings indicate operations or actions.

of features using object recognition and object tracking algo-
rithms; b) then the definitio of scenarios and of the rules
to detect simple events, like walking, running, shouting, etc.;
c)finall , is the detection of complex events by combining
the simple events together to detect a complex scenario. In
the development of video understanding systems (outdoors
systems) the geometric correction is needed for the description
of region of interests in the image or to detect the coordination
of moving objects nearby important regions. However, in
multi medial sensors network ( i.e., audio and video) the
extraction of features from video-audio streams is the basic
processing. Then data fusion is needed to combine data or
in formation to estimate or predict entity states. Data fusion
techniques combine data from multiple sensors to achieve
more specifi inferences than could be achieved by using a
single, some proposed techniques are in [6]. Most common
solutions are based on numerical properties. Still, fusion of
multiple cameras views is also needed to monitor a specifi
area; hereby the problem of overlapped individual views is a
complex problem.

B. The Knowledge Base Structure

The structure of our knowledge data base consists of dif-
ferent entities entities, the most important two parts are: the
object entity and the sound entity.
Object entity: object types are observed from sensors e.g.
person, dog, car, etc.
Each object has the following properties:
• objectId
• hasObjectType
• hasSpeed
• hasDate
• hasTime
• hasDirection
• hasCameraId
• hasFrameId
• hasX
• hasY
• hasUncertaintyType
• hasUncertaintyCorType
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Sound entity: sound types are observed from sensors
e.g. shot, scream and howl, etc. Each sound entity has the
following properties:

• hasSoundType
• hasSoundArrayID
• hasSoundTime
• hasSoundDate
• hasSoundCorX
• hasSoundCorY.
• hasUncertaintySoundcCor.
• hasUncertaintySoundType
Each detected event, weather it is a simple or complex has

the following features:
• hasEventType
• hasObjectType
• hasDate
• hasTime
• hasCameraId
• hasFrameId
• hasSoundArrayID
The knowledge base is used as input for the solver to

generate the answer sets, which present the detected simple
and complex events.

C. The defined rules based on Answer set Programing

The scene context plays a major role during the detection
of an event. The objects have two different types of features,
sound features and video features. These features are extracted
from audio/video subsystem. The rules consist of:
1) The specificatio of the direction.
2) The specificatio of the zones.
3) The specificatio of the sound entity and the object

entity .
4) Simple Event: This is the simplest form of events e.g.

run, walk, shot, etc.
5) Complex Event: a complex event which is the combi-

nation of the simple events e.g. groups of persons are
running, group of persons are fighting group of persons
are running in different direction, etc.

Uncertainty can not be avoided in practical visual surveillance
applications. We consider now one class of uncertainty, the one
called detection uncertainty. Detection uncertainty is a part of
our knowledge base. We consider two types, the firs one is
the uncertainty of the localization and the second one is the
uncertainty of the object type classification We are getting
these uncertainty values from the low level feature extraction.
In the actual phase of our project we do not have to consider
the logic uncertainty since our rules in the KB are always true.
We use a real-value weight to represent the confidenc of each
rule in the KB.
As an example, to detect a complex event such as a

running group of persons, we need to identify at least two
persons. If the distance between these two persons is less
than 3 meters and both are running, then the whole group
is running. The condition on the distance is specifie in
the predicate near(X1, X2), where X1 and X2 present the
observed persons:

Fig. 2. The pITX-SP hardware platform used in our tests.

near(X1,X2):-
X1!=X2,
dist(X1,X2,D),
D<3,
hasObjectType(X1,OT1),
hasObjectType(X2,OT2),
OT1=person,
OT2=person,
hasTime(X1,T1),
hasTime(X2,T2),
T1=T2.

IV. RESULTS

To measure the runtime behavior of the answer set program-
ming approach, we performed several tests on an embedded
platform that will also be used in the SRSnet project. We
use Atom-based embedded boards as example platforms. We
tested all algorithms on pITX-SP 1.6 plus board manufactured
by Kontron1. The board is shown in Figure 2. It is equipped
with a 1,6 GHz Atom Z530 and 2GB RAM.
The evaluation of our system is done for different scenes.

The test environment is a park place, equipped with several
cameras and audio arrays. The events we define are divided
in two groups: simple and complex events. After conducting
experiments on a benchmark dataset, we realized that, when-
ever the accuracy of the detection is high, then our detection
ratio is over 94% for all complex events, see table 1.

The complex event Specificit Sensitivity
A group of persons are running 100% 98.4%
A group of persons are fightin 89% 94.4%
A group of persons are running
in different directions 92.1% 96.2%

TABLE I
THE PERFORMANCE OF THE REASONING SYSTEM

As test scenario, for illustration, the detection of the com-
plex event that (a group of people is running in different

1http://www.kontron.com
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directions) is happening when at least there are three persons
nearby each other and they are moving in three different
directions , i.e. northWest, northEast, southEast. and at
the same time. The last three conditions make sure that the
detected persons are not the same.

diffDirections9(X1,X2,X3):-
northWestWest(X1),
northEast(X2),
southEast(X3),
near(X1,X2),
near(X2,X3),
hasTime(X1,T1),
hasTime(X2,T2),
hasTime(X3,T3),
T1=T2,
T2=T3,
T3=T1.
X1!=X2,
X2!=X3.
X1!=X3.

The following results have been obtained: the average exe-
cution time to detect all simple and complex events is 0.4
seconds, the maximum execution time is 0.39 seconds and the
minimum execution time is 0.4 seconds. The number of ASP
simple rules is 16 and the number of ASP complex rules is 8.
The Average number of the features in the knowledge base is
980 features.
The results show that a complex event detection can be

executed once or twice a second; this enables the audio/video
subsystem to collect sufficien data for detecting the next com-
plex events. For the evaluation we use iClingo2 as a solver
for ASP [8]. It is an incremental ASP system implemented on
top of clasp and Gringo, is written in C and can run under
Windows and Linux. The reason of the high performance of
ASP on chip that the representation of the knowledge base
and the solver size are not expensive. The Solver is 47 Kilo
byte and is written in C, where most of the existed hardware
platforms are able to execute it. The other advantage using
ASP is the possibility of the detection of complex events
in long terms using the full power of spatial and temporal
reasoning.
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VI. CONCLUSION AND OUTLOOK

The detection of different events or situations has become an
important topic in audio and video surveillance systems within
the last years. Many logic based event detection systems are
build in the last years but most of the used paradigms have
their advantages and disadvantages. It is very important by the

2http://potassco.sourceforge.net

development of video-audio under standing systems (outdoors
systems) to use the paradigm of ASP.
ASP is expressive, convenient, and supports formal declar-

ative semantics. We found out that ASP can be used to detect
a large number of simple and complex events within less than
0.4 seconds. We proved that ASP is an appropriate solution
for complex event detection systems in multi sensors networks
in limited resources platforms. In our future work, we will use
rule decisions systems which generate decision rules based on
decision tables. Using Rough-set theory and genetic algorithms
we integrate the generated rules in ASP for the detection of
events where it is not possible to describe the related behavior.
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Abstract---a method of providing continuing 
education to keep professionals aware and 
informed of developments in easily accessed 
topically categorized areas of interest on a for-
payment basis, utilizing the Internet primarily 
as an audio format distribution means. Client 
affirmation that accessed information was 
listened-to-grasped, or a completed 
questionnaire, (or results thereof), provided by 
the information provider or Professional 
Licensing Body can be sent via the internet by 
the client to the information provider and/or 
Professional Licensing Body, following his or 
her identification of, payment for, receipt of 
and listened-to-grasping of accessed audio 
format professional updated information. 

Key terms: audio, internet, continuing 
education requirements, fee based, professional 
licensing. 

I.  Background  

     Professionals in science, medicine and/or law 
and the like, know that there is not enough time 
available to read the large amount of literature he 
or she should read to stay current in his or her 
area, let alone related and other areas of interest. 
An alternative to reading, which many people find 
enjoyable and beneficial, is to listen to audio 
presentation of materials that are prepared to 
concisely deliver information. Audio books, for 
instance, provide people a concentrated 
presentation of books while allowing them to do 
other things, simultaneous with listening. A 
convenient source of audio format presentation of 
professional continuing education information, 
which is prepared to keep professionals who listen 
current, would therefore provide utility.  

     There   are   companies   that   publish  updated 
legal information in numerous topics and 
periodically distribute the results on tape or CD to 
subscribers via conventional mail.   For instance, 
articles such as “Lawcast: Getting an Earful of 
Law on Cassette”, Philadelphia Inquirer, Apr. 7, 
1995 describes a service which provides recorded 
audio updates on legal topics every two weeks.  
Also an article “Downloading Audio from the 
Internet: the Future of Audio?” Rosenblum, 
Publisher’s Weekly, March 2, 1998 provides 
insight. Distribution of audio via telephone 
conference call as well as the Internet is also 
known.    In addition, Welch distributed a 
business Plan titled “Lawyers Radio Network” 
beginning in 1984, to numerous potential funding 
entities.    The proposal was to produce audio 
format updates in numerous legal categories and 
distribute it via FM-Subcarriers nationally.  

      It is further known that there are various 
available services which enable clients to, for 
instance, access audio programming such as from 
radio stations anywhere in the world, and to 
otherwise allow access to music over the Internet.    

     Continuing, the present topic is also subject in 
the Patent art.  For instance, a U.S. Pat. No.  
6,546,230, to Allison, is identified as it describes a 
method for assessing the skills of medical 
professionals, and involves a medical professional 
accessing a competency test over a network link.  
Based on the results of taking the test a medical 
professional is provided a list of courses over the 
network link that might or might not be available 
over the network.  It is noted that the courses are 
not necessarily available over the Internet. 

      Another U.S. Patent, No. 5,793,980, to Glasser 
et al., describes an Audio-On-Demand 
Communication System focusing on providing 
audio news, music, and books over the internet.  
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     U.S. Pat. No. 5,732,216 to Logan et al. 
describes an audio message exchange system.  

     U.S. Pat. No. 5,793,762 to Penners et al., 
describes a system and method for providing 
packet data and voice services to mobile 
subscribers.     

      U.S. Pat. No. 5,956,697 to Usui describes a 
timer-based fee-charging internet system which 
provides an authentication server to confirm if a 
subscriber should be allowed to gain access. 

     U.S. Pat. No. 5,819,032 to deVires, describes 
an electronically distributed magazine. 

II.  A Basic Internet System  

     As the presently disclosed method utilizes the 
Internet, it is of value to understand that the 
Internet can be visualized as a network which 
allows clients to access machine readable storage 
associated servers via means which include 
routers and dispatchers. It can be considered as 
being comprised of  "Layers":  

LAYER 1 PHYSICAL (CONNECTION MEANS, (IE. 
WIRES);  

 LAYER 2 DATA LINK (EG. A LOCAL AREA 
NETWORK  (LAN)),     (IE.  MEDIUM  ACCESS 
CONTROL (MAC) HEADER ADDRESSING);  

LAYER 3 NETWORK,  (IE. INTERNET PROTOCOL 
(IP) HEADER ADDRESSING);  

LAYER 4 TRANSPORT, (IE. TRANSMISSION 
CONTROL PROTOCOL (TCP) HEADER 
ADDRESSING). 

     In use, a Client provides a request, information 
containing, packet, a (TCP) packet frame header 
address is amended thereto at Layer 4; an Internet 
Protocol (IP) packet frame header address is 
amended thereto at Layer 3; and a (MAC) packet 
frame header address is amended at layer 2. Said 
addressing serves to direct the request packet to its 
intended destination Web site. 

     It is also noted that Web servers use Hyper-
Text-Transfer-Protocol (HTTP) which uses (TCP) 

as a transport layer, and that (HTTP) protocol is 
generally very simple. Under (HTTP) a Client 
establishes a connection to a server and issues a 
request. The server responds by processing the 
request, returning a response and closing the 
connection. 

     Additionally, to increase the simultaneous 
availability of Servers to Clients, the technique of 
Clustering is often utilized. Clustering involves, 
for instance, formation of a Local Area Network 
(LAN) wherein many Back-end Servers (BSN) 
are directed Client request packets via a 
Dispatcher, which Dispatcher has an Internet 
Address common to all said Back-end Servers 
thereby making access thereto effectively Client 
"transparent". The Server storage media 
depositories can be of any functional machine 
readable type, but typically comprise read/write 
electronic and magnetic media. 

     Such operations use a system as depicted in Fig 
1, that    shows    a  demonstrative    diagrammatic    

 

           Fig. 1 shows a demonstrative Internet system. 

representation of the Internet (IN) with a plurality 
of Clients (Cl)-(CN) obtaining access thereto via 
Routers   (R1)-(R3).   The     disclosed    method 
provides that said Clients access Website (WS). 
Said Website (WS) provides access, via Local 
Area Network (LAN) to a multiplicity of    servers   
(BSl)-(BSn).   The Website (WS) can be 
considered to be a Dispatcher in the (LAN).   Said 
Fig. 1 demonstrates a model of a system which the 
present method can utilize, wherein the Website 
(WS) represents the information provider 
established internet web site, and wherein the 
Servers represent storage media depositories of 
various categorized topical professional 
information categories.  In use a Client calls-up 
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the Website (WS), and provides identification 
thereto of what information category it is wished 
to access. The Website (WS), acting as 
Dispatcher, provides the Client access to the 
appropriate Server (BSl)-(BSN), which responds 
to the Client, typically, but not necessarily, 
through the Website (WS) as Dispatcher. 

III.   Improved Methodology 

      A Patent to the author herein, U.S Patent No. 
7,606,735, which issued in October of 2009, 
teaches a new method of providing audio format 
professional continuing education information 
presented in topical categories, for payment via 
the Internet.   The information therein is prepared 
by an information provider with an eye to keeping 
a client current, (ie. aware and informed of 
developments), in topical categories, and 
importantly, the Welch method enables a client to 
receive immediately recognized required 
professional licensing credit for participation.   

     The presently disclosed method then has as a 
goal to keep clients aware and informed of 
developments in at least one topical category, by 
providing audio format, periodically updated 
professional continuing education to clients for 
payment, and comprises the steps of: 

a)  accessing an information provider's website 
sever, by one or more client computers connected 
to the server by a computer network, wherein the 
network is the internet; 

 b) selecting,  by a client, audio formatted   
content organized at the website by topical 
categories, wherein the topical categories are 
specific to maintaining professional currency; 

c) selecting, by the client, a payment approach 
from the group consisting of:  

periodic subscription; and                                   
pay per access event; 

d) accessing the selected audio formatted content 
from the website server, by the client computer, 
subsequent to the client selecting from the group 
consisting of: 

providing proof of paid subscription; and                              

making a per access payment;  

wherein the selected audio formatted content is 
tagged with time information and wherein the 
selected audio formatted content by the client is 
updated at the website server between at least two 
accesses by the client of the selected audio 
formatted content; and 

e) sending a notice to the website server and/or a 
licensing body computer, by the client, 
acknowledgement of audio delivery of the 
received audio formatted content, wherein the 
notice provides attestation of completion or 
provides a completed questionnaire. 

      The method can provide that periodically 
updated topical categories are selected from the 
group consisting of: 

 the law related areas of:  

patent, trademark, copyright, trade secret, 
computer, internet, unfair competition, high-
tech, contract, tort, property, wills & trusts, 
criminal, evidence, constitutional, corporate, 
taxation, estate planning, securities, banking, 
bankruptcy, accounting, trade regulation, 
commodities, insurance, energy, environment 
and water, aviation, automobile, labor, social 
security, family, divorce, juvenile, workman's 
compensation, personal injury, product 
liability, employment practices, 
administrative, educational, mass 
communications, medical, farm, and military; 
science, medical;  

and/or the science and technology related areas of: 

astronomy, architecture, mathematics/ 
statistics, physics, chemistry, engineering 
(electrical/electronic, nuclear, mechanical, 
civil, chemical, biological, genomic, 
construction, transportation, industrial, 
manufacturing, agricultural, computer, energy, 
environmental), horticulture/forestry, geology, 
food science, nutrition, psychology, zoology, 
veterinary, medicine (anatomy, physiology, 
biochemistry, cardiology, renal, 
gastrointestinal, pulmonary, pathology, 
microbiology), pharmacy, nursing; dianetics; 
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and/or other areas, such as religions.     

      The method can also involve the information 
provider providing professional practice tips; 
journal summaries; live audio presentations; 
interviews, expert commentary, subscribing-client 
Hyde-Park presentations, and subscribing-client 
advertising programming and interaction with the 
provider, such as interactively emailing questions. 

 The step of said information provider making 
information available to said web site which is 
categorized into topical professional categories 
can involve partnering or working closely with 
professional sources, and/or involve in-house 
gathering.     

      As some areas of professional activity can be 
more active than others at certain times, it might 
be required that an information provider update 
one category more often that another, and it might 
occur that a category will be updated irregularly, 
say every day, every week during some periods, 
and only, say, bi-weekly or monthly etc., during 
others. 

     The method can further comprise said 
information provider producing supplemental 
written and/or other visual format materials and 
making them available to a video screen on said 
internet accessing means, simultaneous with 
providing audio format professional continuing 
education information. 
    
  The step of making access to said web site 
available to clients via a paid subscription can 
involve subscription achieved via on-line 
provision of information and identification of a 
payment means, (eg. credit or debit card), or via 
more traditional mail or fax means, with payment 
being by check, direct account debit, or again by 
identification of a payment means, (eg. credit or 
debit card). Where a paid subscription is the 
means of access, an authorization code, possibly 
combined with a PIN number, would be issued 
and access to information would be based upon a 
subscriber being able to provide such data when 
accessing the Web site. Where information is 
accessed on a per-use, non-subscription basis, 
payment can be by any functional means, (eg. 
credit or debit card or functional equivalent card 

payment), at the time the information is accessed.    
   
     The method can further comprise the 
information provider continuing to make archived 
information available in topical categories, tagged 
with an identifying date, (eg. date of original 
availability or date first accessed by said client), 
and said client accessing said archived information 
by identifying both the topical category and said 
date of original availability.   That is, for instance, 
a client could access information in steps d and e, 
and later re-access information previously 
accessed in a practice of step d. The information 
can also be tagged with at least one key-word in 
addition to a time, and the method further involve 
entering said at least one key word to enable 
quicker access to specific content is said audio 
format professional continuing education. 

     It is further noted that once authorized, any 
technically functional via to accessing the 
professional continuing education information, 
(including down-loading a file in compressed or in 
non-compressed form, or simply accessing, in real 
time, a Web-site server), is within the scope of the 
present method. For instance, down-loading of 
compressed files might work very well for 
prepared taped audio update programming, but 
real-time access is required for call-in shows and 
for access to late breaking news.   Further, the 
client can also download the information accessed 
onto a recording means such as magnetic media or 
writeable compact disk to enable maintaining a 
permanent library record thereof. 

     The method can also further comprise the client 
forwarding the accessed information to other 
authorized fee paid recipient clients on a local 
network. 

     A service can include the information provider 
providing to a client a citation to a source of more 
information regarding a topic, and said Client 
accessing said source, either over the internet 
accessing means or otherwise. This can take the 
form of the audio format professional continuing 
education information simply including the 
citation, or a client might be provided the citation 
after it is requested from the information provider.     
Hence the method can involve that the website 
server delivers to the client's computer a citation to 
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a source of additional information regarding a 
topic.   

     The nature of the service allows a Professional 
to quickly and precisely access areas of interest, 
including related areas.  For instance, a 
practitioner in Securities Law might want to also 
listen to the Banking update, or a Patent 
Practitioner might want to listen to Computer and 
Internet areas. The service provider would, of 
course, be receptive to subscriber needs as regards 
establishing and supporting categories. Of course 
a similar categorization approach would apply to 
other areas, such as Science, Technology and 
Engineering. 

IV. Conclusion 

     A method of keeping professionals aware and 
informed of developments in areas of practice, 
delivered in a primarily audio format, via easily 
accessed categorized topical areas of interest, on a 
for-payment basis, utilizing the Internet as 
distribution means wherein payment can be via 
periodic subscription, and/or via direct pay per 
access event is disclosed.  Audio format 
information can be prepared autonomously or in 
combination with accessing outside sources of 
written and/or other visual format materials by 
paying a fee, and/or royalty.  The method provides 
for clients to make affirmation of having listened-
to-grasped accessed audio format professional 
educational information by a client, or the taking 
of a quiz, the results of which is sent to the 
information provider and/or a Professional 
Licensing Body.  The method also provides that a 
client download information accessed onto a 
recording means such as magnetic media or 
writeable compact disk to enable maintaining a 
permanent record thereof for future personal 
reference. 
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Abstract---insight   as to how physical system-
specific characteristics challenge the absolute 
nature attributed to the uncertainty principal, 
thereby making uncertainty a system-specific 
concept.  
 
Key Terms:  Heisenberg Uncertainty Principal, 
Quantum Mechanics, Double Slit System. 
 
I.  Background 
      
     It is generally considered that the Heisenberg 
Uncertainty of Quantum Mechanics, is an absolute.  
This is   based in Fourier Transform-type 
mathematics, and to the author’s knowledge is never 
modified by known characteristics of a physical 
system to which it is applied.    It is argued herein 
that characteristics of a physical system to which the 
uncertainty principal is applied can serve to render 
the uncertainty principal less than absolute. Even 
Einstein rejected Quantum Mechanics as he believed 
it was incomplete.   Presented herein is a possible 
avenue as to where to look to complete it involving 
consideration of particle, as well as wave, 
characteristics of a particle in a double slit system.  
 
II.  Macroscopic System Considerations  
 
     To begin, it is of benefit to consider that if one 
measures the exact position of an object at an exact 
instant in time, it is literally impossible to know how 
fast the object might be moving because at an exact 
instant in time no time passes.   At the exact instant 
of measurement the object could be standing still, 
moving at near the speed of light, or moving at any 
velocity in between, because at the precise instant of 
measurement, there is no information available to 
allow determination of its velocity, (ie. some time 
must pass for a velocity to be measured).    Likewise, 

if an object is moving it is present at a continuum of 
locations when that velocity is measured, hence 
there is no way to define exactly where it is located 
while measuring velocity.   As the velocity scenario 
might be a bit more difficult to grasp, it is further 
noted that to measure how fast an object is moving, 
you necessarily have to measure the location of that 
object at, at least, two instants of time and you need 
to know how much time elapsed between the two 
location measurements.    However, having such 
information let’s you calculate only the --average-- 
velocity at which the object was moving between 
said two measured locations, such information does 
not tell you what its exact velocity was at a 
particular point between the measurement locations, 
or anywhere else for that matter.  This is because the 
object could have been slowing down or speeding 
up, (or a combination thereof), between the two 
precise measurements of the locations and the same 
average velocity would be arrived at in many 
different cases. Therefore it remains “uncertain” 
what the precise velocity was at any precise position.   
The only apparent approach to minimizing this 
problem is to make the two precise measurements of 
the object position very close to one another, thereby 
minimizing the effect of change in velocity 
therebetween very small.   However, as long as some 
distance exists between the measurement locations 
this approach cannot guarantee that the velocity was 
not changing between said precise location 
measurements.  And in the limit, where the distance 
between location measurements becomes dx = 0.0 so 
that no velocity change occurs, we again arrive back 
at the problem that “a” precisely measured position 
provides no information as to velocity, as described 
the start of this paragraph.  (Note, that the object’s 
velocity can be multiplied by its mass, the term 
“velocity” replaced by “momentum”, and the 
question asked---is   exact   momentum   at a specific  
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location ever really “measurable”?).  
     
     In view of the foregoing, even on a macroscopic 
object level, the seeds of  “uncertainty” as regards 
simultaneous measurement of location and velocity 
of a moving object, and measurement of other than 
average velocity at any location, can be appreciated.       
 
     While the foregoing scenario is, as a practical 
matter, not particularly troublesome to people in 
their every day lives where knowing an average 
velocity is normally more than sufficient, it does 
becomes a major source of indeterminancy when 
very small objects are involved.    In fact, it is 
generally accepted in Quantum Mechanics that it 
makes no sense to even ask what the position --and-- 
the momentum of a particle are simultaneously.   
That is, a particle can be observed to have one or the 
other, but not both a position --and-- a momentum 
simultaneously.   In fact, it is generally accepted that 
if one measures the position of a particle exactly, 
then the uncertainty as to what its momentum  (ie. 
wavelength) is at that time, is infinite.   And 
likewise, if one measures the exact “momentum”, 
then the uncertainty in the position thereof is 
infinite.   
 
III.  Fourier Transform Math 
 
     When one surveys mathematical functions that 
provide an “amplitude”, and another parameter that 
assumes a larger value when a related parameter 
assumes a smaller value, Fourier Transforms should 
come to mind.  This is because when the width 
(standard deviation) of one member of a Fourier 
Transform pair of functions becomes narrower, the 
standard deviation of the other member increases in 
width, and vice versa.    For instance, Fourier 
Transformation: 
 

  
               
can be applied to a Normal Distribution, (which is 
characterized by a peak amplitude (A) in a “bell 
shaped” plot, and by a Standard Deviation that 
indicates its width (W) and the result is another 

Normal Distribution that has a standard deviation of 
(1/W).    Fig. 1 qualitatively shows this for the case 
where a = , so that the amplitudes for both 
distributions are the same.  
 

 
       
                    Fig. 1.  Gaussian Distributions of a Fourier  
                    transform pair of functions. 
 
     The important result is that the product of the 
standard deviations of two Fourier Transform pairs 
is, for the normal distribution, one “1.0”.    For other 
functions said product can also be greater than one 
“1.0”.   It is noted that if one of a Fourier Transform 
pair of functions has a Standard Deviation of zero 
“0.0”, then the other has a Standard Deviation of 
infinity, (∞).  One can view a zero  “0.0” wide 
Standard Deviation, infinite amplitude function as 
representing an exact object position or velocity, and 
the Fourier Transformed function thereof will have a 
Standard Deviation width of infinity, implying 
infinite (∞) uncertainty in knowledge of its 
conjugate velocity or position, respectively. Figs. 2a 
and 2b below demonstrate  the   sort   of   results that   
                 

 
              a                             b    
  
                    Figs. 2a and 2b demonstrate location and  
                   Momentum conjugate variables distributions  
                   when one thereof is  measured exactly.  
 
one obtains when applying mathematical approach 
just disclosed.   Again, momentum can be 
substituted for “velocity”  in the foregoing. 
 
IV.  Quantum Considerations        
  
     Continuing,       while       Fourier         Transform  
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mathematics is just that, mathematics, the approach 
demonstrated thereby has been adopted in Quantum 
Mechanics to characterize Conjugate Variables, (eg. 
position (X) and Momentum (P), or Energy (E) and 
Time (T), or Spatial Field Strength (FS) and Rate of 
Change of thereof (d(FS)/dt).     As applied in 
quantum mechanics, Fig. 2a can, for instance, 
represent a probability distribution for an exactly 
measured location or momentum, (ie mass x velocity 
(mv)), of a particle.  That is, there is no uncertainty 
as regards the indicated value at all, (ie. the width of 
the distribution is zero “0.0”).  Fig. 2b shows the 
resulting distribution for the conjugate momentum or 
location, respectively.   Note that Fig. 2b shows it is 
equally likely that the momentum or location can be 
anywhere.   That is, the width of the distribution 
infinite (∞), hence its uncertainty is also infinite (∞).    
This is the postulate throughout quantum mechanics.    
When the distribution of one of a pair of conjugate 
variables has a zero 0.0 width distribution, the other 
has an infinite (∞) width distribution.   To the 
author’s knowledge this is not ever modified based 
on characteristics of a physical system in quantum 
theory.    Also, it is noted that what Fig. 2b is 
indicating is that it would take an infinite sum of, for 
instance, trig function to construct the Fig. 2a result.  
Different functions apply for different lateral 
positions.  And Quantum theory holds that when a 
Fig. 2a result is measured, (ie the “wave-function” 
collapses thereonto upon a measurement”), any 
member of that Fig. 2b infinite sum can accompany 
it. However, which one is assigned only a 
probability, and is not “determined”.     This all 
sounds “mysterious” upon first encountering it, 
however, if Fig. 2a is assigned to represent the state 
of a person’s “Static Beingness”, (eg. consider a 
Field Strength), then Fig. 2b might represent various 
categories of Action, (eg. consider a time derivative 
of the Field Strength).  For instance, one can relate 
to a situation wherein he or she is hungry and 
looking over a menu at a restaurant.    The state of 
being desirous of satisfying hunger can be 
considered to be a measured value as represented by 
Fig. 2a.     The listing in the menu can be considered 
to be what is represented by Fig. 2b.   That is, there 
are many possible choices over a large range of 
uncertainty, each carrying therewith a probability of 
being chosen, however, only one is chosen.    The 

act of  deciding what to choose can be considered to 
be, in some respects, similar to what Quantum 
Mechanics presents for the universe as a whole.    
 
V.   Dice 
 
     In Section II it was shown how uncertainty 
concepts can be understood based in macroscopic 
examples.  Fig. 3 presents another relevant 
macroscopic example, involving the results obtained 
by the throwing of two dice, which can result in a 
sum of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12.    It is 
further known that there are probabilities associated 
with obtaining said results: 

 
 RESULT      WAYS TO OBTAIN               CHANCE 
                                                                       OF EACH 

 
     2                1+1                                               1/1   
     3                1+2, 2+1                                       1/2 
     4                1+3, 2+2, 3+1                               1/3 
     5                1+4, 2+3, 3+2, 4+1                      1/4   
     6                1+5, 2+3, 3+3, 3+2, 5+1              1/5 
     7                1+6, 2+5, 3+4, 4+3, 5+2, 6+1      1/6 
     8                2+6, 3+5, 4+4, 5+3, 6+2              1/5   
     9                3+6, 4+5, 5+4, 6+3                      1/4   
     10              4+6, 5+5, 6+4                               1/3    
     11              5+6, 6+5                                       1/2    
     12              6+6                                               1/ 1     

 
               Fig. 3 shows possible results of throwing two six- 
               sided  dice.    
  
    Now, if one “measures” only the sum total of the 
results of throwing two dice, it becomes readily 
apparent that, other than for the values of 2 and 12, 
one can not be absolutely certain what each of the 
dice contribute.  That is, the measurement per se. 
does not disclose how the measured result was 
arrived at.   However, by analyzing the system that 
produced the measured result, one can know that a 
certain result, (eg. 7), was arrived at by a selection 
from a known group of six definite possibilities, (a 
chance for each of (1/6)).    Notice also, that if a 3, 4 
or 5 was measured it is known with certainty, by 
analysis of the system involved, that neither die 
showed a 4, 5 or 6, respectively.   Further, if a 3 or 
11 results, note that one cannot determine which dice 
has the 2 or 5 and which has the 1 or 6, from the sum 
total.   
 
     One can, however, tell a lot about what 
information is imparted by a measurement provided 
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by a system, by analyzing the physical system 
involved to determine how it could produce various 
measured results, and a probability can be assigned 
to specific results in view thereof. 
 
VI. The Double Slit System 
 
     The dice example shows that knowledge of a 
system can provide inferred knowledge about it, 
which is not subject of direct measurement.   In that 
light, it is noted that in an article titled “The Welch 
Uncertainty Principal”, ISAST Vol.   No.    2011, (1) 
Welch proposes that the physical characteristics of a 
Double Slit system allow inferring that it is more 
likely that a photon or particle which impinges on a 
screen thereof can be determined to more likely have 
passed through one of the slits than the other. 
  
     As described in the cited articles, the described 
result can be understood by considering that a 
reference interference pattern can formed on a 
reference screen (SC) by firing a large number of 
photons or particles thereat through, respectively, 
left and right double slits (SLL) and (SLR), and the 
resulting interference pattern can be fixed in place as 
a reference.   This is followed by placing a test 
screen (SC’) just in front of said reference screen 
(SC), firing a single photon or particle thereat, and 
noting where thereupon it impinges.    Next, lines are 
projected from each slit (SLL) and (SLR) through 
said location at which the single photon or particle 
impinged upon the test screen (SC’).   When this is 
done it will be found that one of said projected lines 
intercepts the reference interference pattern on the 
reference screen (SC) at a higher probability 
location, and that indicates which slit (SLL) (SLR) it 
is more likely that the single photon or particle 
passed.   When this approach is repeated with many 
photons or particles, it is found that it is always more 
likely that a photon or particle which contributes to a 
positive slope region of the test screen is always 
more likely to have passed through the left slit, (as 
viewed from a source of photons or particles), and 
that a photon or particle that contributes to a positive 
slope region of an interference pattern is more likely 
to have passed through the right slit, (again as 
viewed from a source of photons or particles), if it 
impinges contributes to a negative slope region of an 

interference pattern. And, as the distance between 
the reference (SC) and test (SC’) screens can be 
reduced to zero (0.0), Fig. 5 can be presented to 
demonstrate what has been termed the “Welch 
Certainty Principle”.   Unlike in the case described 
above wherein two dice provides a measured sum 
total of 3 or 11, and in which the system of dice 
provides no way to discern which of the pair shows a 
1 or a 5, respectively, in the case of the double slit 
system, the system-specific characteristics do 
provide a basis for greater insight.        Fig. 5 
indicates that during formation of an interference 
pattern, that if a photon or particle contributes to a 
positive (+)/(-) slope region it is more likely it 
passed through the (SLL)/(SLR) slit, respectively.        
Fig. 5 shows that the physical system-specific 
characteristics of the double slit system provides a 
basis that makes   it     possible     

 
             Fig. 5  demonstrates the Welch Certainty Principle. 
 
to  determine, with greater probability than predicted 
by the purely mathematical based uncertainty 
principal, through which slit of a double slit system 
it is more likely a photon or particle passed.  That is, 
the uncertainty principal holds that since it is 
possible to measure where a photon or particle 
intercepts the test screen (SC’) with unlimited 
accuracy, one can have absolutely no knowledge as 
to what its momentum was at that point of 
measurement.  This includes lateral momentum, so 
that knowing the exact location of the photon or 
particle on the test screen (SC’) precludes knowing 
through which slit (SLL) (SLR) it passed.   
Otherwise stated, Fig. 2a can be taken to represent 
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the location, and Fig. 2b the lateral momentum of 
the photon or particle.    But based on the double slit 
system-specific characteristics, it can be concluded 
that one can infer something more than the purely 
mathematical uncertainty principle allows about 
which slit (SLL) (SLR) through which the photon or 
particle passed, in contributing to formation of an 
resulting interference pattern on the test screen 
(SC’).    
 
     It is also noted that in the context of the double 
slit system, an approach to measuring both position 
and momentum of a particle would involve 
providing a test screen (SC’) that can move laterally 
to the left and right, (but with the requirement that it 
return to a central location between tests), and firing 
a particle (the more massive the better) thereat.   
When the particle first impinges into the test screen 
(SC’) its position is indicated, and as it transfers its 
momentum to the test screen (SC’) a detectable 
motion thereof will be indicative of the lateral 
momentum it had at the time of said impingement as 
a result of momentum transfer, as opposed to exact 
particle measurement per se.     Note that if such an 
experiment can be conducted, it   could directly 
contradict the absolute nature of the Heisenberg 
Uncertainty Principle.   In view of the above 
described approach to determining which slit (SLL) 
(SLR) it is more likely a particle passed, the lateral 
momentum transferred to the laterally moveable 
screen should be greater in a positive slope region to 
the right of the center of the interference pattern, and 
in a negative slope region the left of the center of the 
interference pattern than it is for in a negative slope 
region to the right of the center of the interference 
pattern, and in a positive slope region the left of the 
center of the interference pattern.   And said test 
screen (SC’) movement will allow reasonably 
accurate determination of particle momentum as it 
impinged into said test screen (SC’) at a known 
location  thereon.   Note, test screen (SC’) movement 
results from a particle exiting the left (SLL) slit and 
proceeding to the right, and a particle exiting the 
right (SLR) and proceeding to the left having greater 
lateral momentum than will a particle a particle 
exiting the left (SLL) slit and proceeding to the left, 
and a particle exiting the right (SLR) and proceeding 
to the right.  And said lateral momentum is 

transferred to the test screen (SC) upon impact 
thereinto.  
 
     It is also suggested that applying a laterally 
movable screen (SC’) at different locations from the 
slits (SLL) (SLR), and determining a “momentum 
map” would show detail of what particles are doing 
in the double slit system.  
       
The foregoing recognizes that a moving particle has 
both a wave and particle nature.   As well established 
by Quantum Formalism, it is expected that an 
Interference Pattern should form in a double slit 
system.    However, Quantum Formalism, as its 
present state of development, down not account for 
what a particle is doing between the slits and a 
screen upon which it impinges.   Batelaan (6) 
expresses this very well.   The present disclosure is 
drawing attention to what is currently missing in the 
Quantum Formalism, as described by Welch  (1) (2).        
      
      Finally, it is noted that a laterally, and/or 
perpendicularly movable screen (SC’) could also be 
applied outside the context of a double slit system to 
allow nearly simultaneous position/momentum 
measurement of any particle impinging thereinto for 
any source.  For instance a particle impinging 
perpendicularly or obliquely onto a screen, from any 
source, where said screen can move perpendicular to 
the lateral locus thereof and/or along the lateral 
locus, could monitor location and momentum 
transferred thereto nearly simultaneously.     
Mathematical equivalents to the movable screen into 
which a particle impinges in the described double 
slit system might be found in other quantum system   
scenarios, and enable modifying the present 
Quantum Formalism in a similar manner. 
     
VII.  Conclusion 
 
     The Heisenberg Uncertainty Principle as 
conventionally presented, is an Absolute.   That is, if 
one knows, for instance, the position/momentum of 
a photon or particle exactly, then the uncertainty in 
the knowledge of its momentum/position is infinite.   
It is suggested that this is not  absolutely valid and 
that consideration of system-specific characteristics 
in a double slit setting can allow one to know more 
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about the location and momentum of a photon or 
particle which contributes to formation of an 
interference pattern therein, than is allowed by the 
Heisenberg formulation. This is in the form of an 
improved knowledge of which slit (SLL) (SLR) it is 
--more likely-- that a photon or particle passed when 
it contributed to formation of an interference pattern 
on a movable screen.   It is suggested that a physical 
system-specific approach to reformulating the 
uncertainty principle should be considered in other 
physical systems as well.   An experiment, that if 
physically possible could challenge uncertainty, is 
also disclosed.  Even Einstein believed that Quantum 
Mechanics is incomplete.   Perhaps the present 
disclosure is shining a light on where to look to 
complete it. 
 
References and Bibliography 
 
1.  “The Welch Certainty Principle”, ISAST 
Transactions on Computers and Intelligence 
Systems, Welch, Vol. 3, No.1,  2011 (ISSN 1798-
2448). 
 
2. “The Uncertainty of Uncertainty”, ISAST 
Transactions on Computers and Intelligence 
Systems, Welch, Vol. 2, No. 2, 2010 (ISSN 1798-
2448). 
 
3. “Unsharp Particle-Wave Duality in a Photon    
Split-Beam           Experiment”, 
Mittelstaedt et al.,   Foundations  of Physics, Vol. 
17, No. 9, 1987. 
 
4.  “Lectures On Physics”, Chapter 37, Feynman et 
al., Addison Wesley, 1963,  
 
5. “Optics”, Chapter 10, Hecht, Addison-Wesley, 
1987.   
 
 
 
 

6. “Wave-Particle Duality with Electrons”, Batelaan,   
Chp. 2, Perimeter Institute for Theoretical Physics, 
2011. 
 
7. “Warped Passages”; Lisa Randall, Harper Collins, 
2005, ppg . 133-35.  
8. “The Grand Design”; Stephen Hawking, Bantum 
Books, 2010, ppg. 63-66, 68, 70, 83, 135-36. 
 
 9. ‘The Hidden Reality”; Brian Greene, Alfred A. 
Knopf, 2010, ppg. 193-95, 205. 
 
10. “Wave-Particle Duality with Electrons”, 
Batelaan, Perimeter Institute for Theoretical Physics, 
2011. 
 
About the Author 
    
Mr. Welch holds both a BSEE (with Eta Kappa Nu 
membership) and a Juris Doctorate (JD) degree from 
the University of Nebraska.  He also holds an 
MASC. in Solid State EE from the University of 
Toronto.   He passed a highly mathematical basic 
course in Quantum  Mechanics in 1994, and audited 
two advanced courses therein in following 
semesters.  He is a  current member of  the Nebraska 
 

 
 
State Bar (with an “AV” rating from Martindale-
Hubbell), and of the Nebraska Professional 
Engineers (PE).  He is also a current member of the 
U.S. Patent Bar and a past member of the 
Professional Engineers of Ontario (PENG).   
 

 
 
 
 
 

 
 
 
 
 

 

ISAST Transactions on Computers and Intelligent Systems, No. 2, Vol. 3, 2011 (ISSN 1798-2448) 66

66



 
Abstract— In this paper we aim at comparing MPEG2 encoding 

with H.264 encoded using 8 bits and 10 bits. To objectively measure 
the advantages of H.264 over MPEG2 we compare the source and the 
compressed stream in both cases. The measurements include the 
values of two parameters namely PSNR (Peak Signal to Noise Ratio) 
and JND (Just Noticeable Difference). These two variables give us an 
idea on how  an encoding process performs compared to the 
uncompressed source.    

 

 
Index Terms- MPEG2, H.264, bit rate efficiency, Peak Signal to 

Noise Ratio, Just Noticeable Difference  
 

I. INTRODUCTION 
n today’s video contribution process, it is necessary to have 
the highest possible quality to support multiple generations 

of video processing. It is also required to maintain pixel depth 
and chroma information throughout the process. Bit rates 
ranging from 15 Mbps to 3G are used to compress base band 
high definition (HD) video signals to make them bandwidth 
efficient given the limitations in bandwidth capacity. The need 
for a good video compression standard that simultaneously 
guarantees video quality and can be allocated within the 
bandwidth constraints is imperative to this endeavor. Latencies 
also need to be considered because they can go from 300 ms to 
1 second. The transport method used within contribution sites 
can be either satellite transmissions or fiber optics. The 
adoption of DVB-S2 as the industry standard for satellite 
contribution allows us to increase the total data rate to be 
transmitted up to nearly 80 M bps depending on the error 
correction code [6]. For all these reasons, we present an 
objective analysis of various compression algorithms used for 
video compression. MPEG2 has been used widely for video 
compression, whereas the adoption of H.264 has proven a 
pleasant alternative since it offers the same video quality at 
almost half the compression rate, thereby providing savings of 
50%. However, some studies using subjective techniques have 
shown the advantage of H.264 over MPEG2 compression 
using different types of video scenes [1], [2]. 
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Current H.264 encoders use 8 bi t processing; therefore, 

having a chroma format of 4:2:2 was unsuccessful because it 
showed a limited gain over MPEG2 at high bit rates. Because 
an entire production chain is 10 bits, using an 8 bi t H.264 
encoder needs downscaling at the encoder from 10 to 8 bits; 
therefore, 8 bit encoding is performed. At the decoder site, 8 
bit decoding is performed followed by an upscaling 8 to 10 bit 
step. Processing video with an 8 bit sample depth may create 
banding artifacts in shallow light scenes such as blue skies, 
underwater scenes and sunsets. By contrast, 10 bit encoding 
suppresses these artifacts. H.264 10 bit encoding increases 
coding efficiency, and so a lower bit rate is needed to achieve 
the same quality. This leads to a rate saving between 5% and 
20% on most sources. 

 
The aim of this study is to present an objective comparison 

of H.264 [5] 8 bits vs. H.264 10 bits and compare the results 
with MPEG2 encoding using higher video rates. Efficiency is 
measured through objective indicators, namely the Peak 
Signal-to-noise Ratio (PSNR) and Just Noticeable Difference 
(JND). These measurements are performed to compare the 
encoded video signal versus the source uncompressed HD SDI 
video. Commercial H.264 and MPEG2 encoders were used in 
this study. Section II presents the test design introduces the 
PSNR and JND concepts. Section III analyzes the results and 
Section IV presents conclusions and future research trends. 

II. TEST DESIGN  
The test design is shown in Figure 1. The HD source is fed 

into a distribution amplifier to feed the H.264 8 bit/10 bit 
encoder and the MPEG2 encoder. The Asynchronous Serial 
Interface (ASI) output of the encoder is then fed into the 
H.264 8 bit/10 bit decoder, which produces the HD base band 
video from the compressed stream. The HD source (from 
another D/A output) is compared with the base band HD video 
version coming out of the decoder, and the PSNR and JND are 
analyzed. 

 
The PSNR is the ratio between the maximum possible 

power of a signal and the power of corrupting noise that 
affects the fidelity of its representation. Because many signals 
have a wide dynamic range, the PSNR is usually expressed in 
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terms of the logarithmic decibel scale. The PSNR is most 
commonly used as a measure of the quality of the 
reconstruction of lossy compression codecs. The signal in this 
case is the original data, and the noise is the error introduced 
by the compression. 

 
When comparing compression codecs it is used as an 

approximation to the human perception of reconstruction 
quality; therefore, in some cases one reconstruction may seem 
to be closer to the original than another even though it has a 
lower PSNR (a higher PSNR would normally indicate that the 
reconstruction is of a higher quality). 

 
For two mxn monochrome images I and K, where one of the 

images is a compressed approximation of the other, we have 
the Mean Squared Error (MSE) expressed as: 

 

 

 
The PSNR is defined as:  

 

 
where  is the maximum possible pixel value. 
 

The JND is the smallest detectable difference between a 
starting and secondary level of a particular sensory stimulus. 
For many sensory modalities, over a w ide range of stimulus 
magnitudes sufficiently far from the upper and lower limits of 
perception, the JND is a f ixed proportion of the reference 
sensory level, and so the ratio of the JND/reference is roughly 
constant (that is, the JND is a constant proportion/percentage 
of the reference level). Measured in physical units: 

 

where I is the original intensity of the stimulation and is 
the addition to it, required for the difference to be perceived. k 
is a constant. 

 
The test, therefore, will compare the original source of the 

base band video with its version in H.264 8 bi t encoding, 
H.264 10 bi t encoding and MPEG2 encoding. The encoder 
settings for each test are presented in Table 1. 

 
The H.264 compression [4] for 8 bits and 10 bi ts was 
measured at 2, 4, 6, 9 and 12 Mbps. For MPEG2 we used 6, 9, 
12, 15, 18 and 22 Mbps. The aim of the test was to objectively 
compare the compressed versions of the source at different 
rates and determine the efficiency of the encoder rates. The 
HD source is a video signal test pattern that combines text 
appreciation, color bars, high frequency content and shading 
patterns (Figure 2). 

 

 

 
Fig. 1. Test Block Diagram  

 
 

TABLE 1  
ENCODER SETTINGS 

 
Encoder Settings H.264 8 bits 

Profile High @ Level 4.1 
Mode Standard 
Bit Rate (Mbps) 2, 4, 6, 9, 12 
Resolution 1920 × 1080 
Aspect Ratio 16:9 
GOP Length 32 
GOP Structure IBBBP 
Adaptive GOP ON 

 
 

Encoder Settings MPEG2 
Profile Main @ High Level 
Bit Rates (Mbps) 6, 9, 12, 15, 18, 22 
GOP Structure IBBP 
GOP Length 15 
VBR Mode Constant 
Compression Mode Seamless 
Resolution 1920 × 1080 
Aspect Ratio 16:9 
Long GOP ON 
Adaptive GOP ON 

 
 

Encoder Settings H.264 10 bits 
Profile High422P@L3 
Mode Standard 
Bit Rate (Mbps) 2, 4, 6, 9, 12 
Resolution 1920 × 1080 
Aspect Ratio 16:9 
GOP Length Long GOP 
GOP Structure IBBBP 
Adaptive GOP ON 
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III. RESULTS 
After comparing H.264 (8 and 10 bi ts) and MPEG2 

encoding with the uncompressed HD source we found the 
following results for the PSNR and JND measurements. Note 
that in the case of the PSNR the higher the value in dB the 
better is the approximation of the compressed version of the 
source compared with the source itself. For the case of the 
JND, lower values mean a better approximation of the encoded 
signal than the original source version. 

 
H.264 behaves much better than the MPEG2 version, as 

expected. By contrast, H.264 8 bits is comparable to H.264 10 
bits at bit rates between 2 Mbps and 6 Mbps, increasing 
performance with bit rates above 9 Mbps. Figure 3 (a) and (b) 
presents a graph of the PSNR and JND versus bit rate values 
for the three encoding schemes. 

 
The added quality of H.264 10 bits is noticeable at bit rates 

above 6 to 8 Mbps. At these bit rates, both the PSNR and JND 
show an improved performance. The overall quality of H.264 
compression over MPEG2 is noticeable at all bit rate values.  
 

Figure 4 (a) and (b) shows a side-by-side comparison of the 
source’s uncompressed HD signal versus the compressed 
MPEG2 and H.264 versions of the source. Notice that in the 
H.264 version both signals (source and compressed) are 
almost identical even when the compressed version is at 6 
Mbps. By contrast, the comparison of the uncompressed HD 
signal to a 6 Mbps MPEG2 compressed version shows a 
noticeable difference between them, especially in the high 
frequency components (center of the moving rectangle). This 
lack of high frequency components is consistent with a lower 
resolution and quality shown in subjective studies performed 

 

 
 

Fig. 2 HD Base Band Video Source  

 
 

TABLE 2  
PSNR AND JND VALUES 

 

H.264 8 
bits 

2 
Mbps 

4 
Mbps 

6 
Mbps 

9 
Mbps 

12 
Mbps 

PSNR 
(dB) 35.30 43.28 48.00 50.64 52.29 

JND 1.79 0.89 0.63 0.49 0.43 
 
 

H.264 10 
bits 

2 
Mbps 

4 
Mbps 

6 
Mbps 

9 
Mbps 

12 
Mbps 

PSNR (dB) 33.10 43.33 47.65 51.87 53.20 
JND 2.17 0.89 0.61 0.47 0.39 

 
 

MPEG 
2 

6 
Mbps 

9 
Mbps 

12 
Mbps 

15 
Mbps 

18 
Mbps 

22 
Mbps 

PSNR 
(dB) 23.36 23.87 26.94 29.66 32.78 34.80 

JND 3.90 3.83 3.44 3.0 2.84 2.4 
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Fig. 3 PSNR and JND versus Bit Rates 
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in [1] and [2]. Figure 5 (c) shows the same comparison but in 
this case between source and H.264 10 bi t encoding. Both 
cases of H.264 8 and 10 bits show almost no differences with 
either encoding scheme compared with an uncompressed 
source. 

 
Figure 5 presents the results of the objective measures (PSNR 
and JND) for 2, 6 and 12 Mbps in both H.264 encoding forms. 
These measures were taken at an interval of 100 frames in a 
frame-by-frame comparison between the source and the 
encoded or compressed versions of the source. 
 

 

IV. CONCLUSION 
We performed various objective measures to corroborate 

the advantage that H.264 offers over MPEG2. Specifically, we 
measured and compared at various bit rates the PSNR and 
JND values for H.264 using 8 bit and 10 bi t encoding, and 
compared these values with that for MPEG2 encoding. The 
results indicate that, as expected [3], H.264 is superior in both 
bandwidth efficiency and objective measurements. 
Furthermore, we found that H.264 10 bi t encoding performs 
better that H.264 8 bi t encoding at bit rates higher than 6 
Mbps, making H.264 a better option only when high bit rates 
are needed. This is advisable in contribution feeds between 
remote locations when high quality is expected. The content 
material used for our tests includes a variety of video signals 
that yield the results needed to reach an objective verdict. This 
content is rich in high frequency components, shades of colors 
and moving patterns, which all make the encoding process 
demanding and allow us to objectively measure the superiority 
of one encoding scheme over another. Future trends in 
research must be aimed at improving the bandwidth efficiency 
of such encoding algorithms to deliver great video quality even 
at low data rates. 
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(a) 6 Mbps MPEG2 vs. HD Source                               

 
 

 
(b)  6 Mbps H.264 8 bits vs. HD Source 

 
 

 
(c) 6 Mbps H.264 10 bits vs. HD Source 

 
Fig. 4 Side-by-side Comparison between Source and Compressed 

Versions 
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H.264 12 Mbps/8 bits JND                                              H.264 12 Mbps/10 bits JND 

 
Fig. 5 PSNR and JND Measures over 100 Frame Intervals 
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