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Abstract — Information fusion is a mandatory prerequisite forto consider not only domain specific requirements but al-
cognitive vision systems. These are vision systems that apply ie@&ys will face problems of large scale software develop-
soning and learning on different levels of abstraction and correnent. Therefore, non-functional requirements have to be
spondingly have to deal with hypotheses from different categoghken into account, too. Common examples encountered
cal domains. Following some principles of human cognition, We, hractice are reusability, scalability, or transparency. As
present an approach to information fusion that closely coupl consequence, techniques and approaches from software
reasoning and representation. We will discuss how processes Iér? ineerin sho,uld be cared for when desianing vision svs-
probabilistic contextual reasoning as well as functional and non- 9 9 gning Y

functional requirements in storing data from different sources c ffms ) .
be integrated by a unified XML based data representation. Due The presented approach to an active memory for infor-

to the interaction between active processes and data storage, fation fusion is developed within a collaborative research
call our approach an active memory. Performance results of gdfoject. As a part of a system, it serves as a personal as-
implemented system as well as an evaluation of data fusion fraistant in an office scenario where it memorizes visually re-
contextual inference will be presented. cognized objects and actions. The scene is observed by a
Keywords: Cognitive Vision,  Architecture, Frameworks,head'mounted Camera' b‘?"‘g pa_rt of a mobile AR-gear [4]
Bayesian Networks, XML, Information Fusion, Scene Analysis that also enables interactive retrieval of memory contents
by augmenting the actual view of the scene. The detec-
tion of relevant objects like keyboard, cups, etc. is realized
using an universal, illumination-insensitive object detection
During the last decade, the idea of constructing visiapproach introduced by Viola and Joness [5] in conjunction
systems advanced to the ambition of developing cognwth a tracking algorithm based on hyperplanés [6]. User
tive computer vision systems (CVS) [, 2]. This term ifnteraction is done by recognition of pointing gestutes [7].
used to characterize systems which not only involve corRer action recognition a particle filtering technique based
puter vision algorithms but also employ techniques for man the trajectory of the hand is used to recognize actions as
chine learning in order to acquire and extend prior knowreading”, “typing” and “drinking” [8].
ledge. Furthermore, they apply automatic and contextualWe present a unique attempt to allow systematic data
reasoning to verify the consistency of results obtained frofusion of different knowledge sources in dttive Mem-
several computational modules as well as to manage the ooy Architecturemotivated from cognitive foundations pre-
ordination of these modules|[3]. When incorporating sudented in the next sections. With XML as unified data de-
different modules into one complex system, data fusion sgription language and a Bayesian network based content
the technical as well as on the functional level is needed.consistency validation, a complete framework for informa-
According to Christensen|[1], CVS should be embodietiibn fusion in cognitive vision systems is proposed.
and consequently require at least a hybrid architecture to
enable sensory bottom-up as well as top-down processing. Cognitive Foundations for Active Memory
As learning and adaption are fundamental aspects of a CVS, Architectures
it requires some kind of a memory. This guides the de-
velopment of an active memory, that performs informatiowhile there is a great variety of definitions of cognition
fusion for different types of knowledge obtained from difeven within the disciplines of biology, psychology and
ferent sources. Since adaption and attention control indwsmmputer science, all agree that humans are a prototypi-
dynamics into the system, dynamic (re-)configuration e@fl cognitive system with an amazing though effortlessly
modules is desired. achieved performance. The active memory concept aims
Practical experience shows that if large scale vision syat-the construction of systems that are able to perform vi-
tems are being implemented (in the complex but nowaion tasks in everyday environments and to communicate
days somewhat usual case by teams of researchers fearoh tasks to humans. We will not try to prove if any de-
different institutes located in different countries), one hdmition of cognition is fulfilled by this framework, but use

1 Introduction



MemoryElement

A <OBJECT>
<HYPOTHESIS>
<GENERATOR>Object Recognizer BU(N)</GENERATOR>
<TYPE>OR_RESULT</TYPE>
<TIMESTAMPS>
<CREATED value="3452345"/>
<UPDATED value="3452398"/>
</TIMESTAMPS>
<RATING>
<RELIABILITY value="0.6"/>
</RATING>
. . </HYPOTHESIS>
Fig. 1. Exemplary memory elements hierarchy. <CLASS>Cup</CLASS>
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cognition as orientation to guide the development of an iny  </REGION>

teractive system. Crusgl[9] sees an important incitement °BECT>
of the development of cognition in redundant tasks that in-
volve a high number of degrees of freedom (DoF) which
are only partially determined by sensory input. The abil-

ity of the system to cope with such redundant situations 451 Hypotheses as Memory Elements
often termed as autonomy and is frequently modeled by a

separate deliberative or cognitive layer. This redundantOur cognitive vision system, the different modules gen-
implies the need for information fusion and validation offate symbolic information from sensing their environment
knowledge. A further key concept is a dynamic represefild encode these results, i.e. the memory elements, as
tation or manipulable world model that responds to a givefML documents. These include results of for instanbe
sensory input on a longer time scale than lower level mol§ct localizations spatial relationsof objects, andactions
ules and can be used to play around with it. This represeqo,s different senses often share the same attriblites [13],
tation has to be unified to aid the fusion of information. Parts of the knowledge fragments are common for differ-
From neuro-physical studies it is assumed that memdg})t Meémory elements and some are specific for the respec-
is a time-dependent process that can be divided into a sh3%€ YPe, which leads to aierarchy of memory element
term and a long-term memory. Based on content, the mefPes It follows an object-oriented paradigm validated
ory is structured as a successive hierarchy where the contéfiff inheritance-based XML schema specifications [12].
of the higher system is at least partially grounded in low&#9ure[} depicts an exemplary specialization hierarchy of
systems (SPI-model) [L0]. Such hierarchies demand for fmemory elements. This hierarchy allows processes to han-

sion of the underlying information retrieved from the lowefl!® different types of knowledge fragments transparently,

systems, but also for an integrative architecture that enabf¥aCe they can only consider the data relevant for the pro-

the development of such systems. Cess. _ . L
A fundamental type for information fusion is thdy-

pothesis Since perceptive modules typically do not pro-
3 Active Memory Implementation vide complete accurate results, cognitive systems should
not store information as irrevocable facts but as hypotheses
Guided by the foundations of Cognition, we propose aﬁlth a given Rellablllty This common data structure de-
active memory Concept asHjerarchica”y Organized and Scribing the Uncertainty ofa knOWledge fragment are called
Dynamicinformation storage with dedicatddemory Pro- theMetadataof the hypothesis. Figufg 2 shows an example
cesses These perform computations on the actual merfif & hypothesis where the metadata part is highlighted. As
ory content including reasoning, fusion and learning. Thdlis metadata is available for any kind of hypothesis, pro-
also gather new know|edge from perceptions, or allow iigesses are developed that Only consider this information and
teraction with the user. With this active memory conceptan therefore handle any kind of hypothesis, as for instance
Memory Elementas atomic information entities are manthe “forgetting”-process that is described in secfior] 3.3 in
aged by the so calledlemory Infrastructurend processed more detail.
by Intrinsic (IMP) as well asExtrinsic Memory Processes
(EMP). Examples for such processes and their contributién2 Memory Infrastructure
to information fusion in the SyStem are discussed in the r&H memory elements are collected in a persistent stor-
mainder of this section. age that relies on a distributeRiepositorystyle architec-
Deriving from the requirements of hierarchical structuture [14]. Modules can access this repository through the
ing and multimodality of data of the proposed active mengo calledMemory Interface It serves as a facade to the
ory conceptXML is used as the underlying basis for datenemory functionality and ensures consistency in terms of
description|[11]. In conjunction with advanced XML stantransactions and parallel access.
dards likeXPath XSLT, XML Schemaand XLink [12] it
serves as a standardized fundament for an active memblgmory Element RepositorySince we focus on great
implementation. This allows to store, retrieve and procefiexibility, relational databases as persistence solution for
information from different abstraction levels and semantXML data are infeasible. Instead, the native Berkeley DB
domains and providesldnified Data Model XML database([15] provides the core component of the
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Fig. 2: XML memory hypothesis example.



memory infrastructure. DB XML is packaged as an effump name="forgetting" lang="python">
bedded C++ library and provides support for transactionsinit

and multi-threaded environments. In contrast to classical ?Qiiﬁfﬁt.; 0 0

database servers it offers only core features and is not dnit>

. . <trigger type="insert" xpath="/HYPOTHESIS">
complete server application. Its therefore small footprint <?:gde>yp P

allows for an efficient implementation of the memory intgr-  ts = int(get_xpath(//TIMESTAMPS/UPDATED/@value’))
) rel = float(get_xpath(//RATING/RELIABILITY/@value’))
face. Through the use of XPath [12] developers of memory (ejiavilitiesvamid] = rel

processes can easily specify queries in a declarative man-_ lgngC;S-append((tsy vamid))

ner. Additionally runtime reindexing is supported for fast <igger>
access to memory elements. ager ;ypp;trilﬂ?giféTHESIS/RATING/RELIABILITY">
DB XML also allows for mixed XML and relational en{  <code>
vironments which is useful for blrjary data like crop_ped im- fe'f'lzg't'égzﬂ‘)’(?;‘t'ﬁg”% ATING/RELIABILITY/@value)
age patches that are not stored in XML but can still be ref- </code>
erenced as active memory content through XLinks [12].| <frigger> = o
<trigger type="timer" interval="2">
<code> . . .
Memory Interface: Based on the DB XML API, a memy  feM-ime = fmeimeo
ory interface was implemented that encapsulates comp|ex- timestamp, vamid = o
ity and connects the basic insert, select and update methods " {mesiamp > (current_time - 5000):
to the intrinsic and extrinsic memory processes. Throuygh  if reliabiliiesfvamid] < 0.5:
our data centered memory approach an event conceptisin- g Saoitand o
troduced. Events for notification of EMP event listeners objects.remove(0)
and IMP trigger listeners that are constituted of the called,yicoer
method type and the type of the involved memory elemetiimp>
are generated by the memory interface.
Trigger listeners are notified inside the database trans-
action and their success is checked. On failure, the whole

transaction is rolled back and processing is aborted. TFPeF

Fig. 3: An IMP specification for a forgetting process.

execution of registered intrinsic memory processes, whi at'o?{ a:jccess and ”‘.'9“’;‘]“0” transpgren?' [1%]' S!Lm;j
are explained in greater detail in the following section, gr to the data storage in the memory interface describe

controlled by a runtime environment where processes m%rewously, data exchange between different modules is

e.g.,forgettingcan be realized. Event listeners are notifie
about a memory interface action once it has been succ
fully committed to the database and connect the extriné . . . LT
memory processes to a concrete instantiation of an act ally, (mter—)acﬂye systeml mtrospecﬂoq |s'd|rectly sup-
memory, a so calledlemory Instance The memory in- p_ortgd that helps in debugging and_ _monl_to_rlng a running
terface is realized in C++ with bindings for MATLAB andd|str|buted system for complex cognitive vision tasks.
Python allowing for rapid prototyping of active memory
components. Using the trigger listeners for invocation of il:?i-?’

trinsic memory processes and execution in the runtime efccording to Christensen, memory is a limited resouirée [1],
vironment as well as the Subscription model for diStribthﬁusforgeuingis fundamental for our active memory archi-
event listeners that attach extrinsic memory processes Viggture, which can be thought of as some kindjafbage
suitable communication framework, the memory instanceg|lector. It discards hypotheses from the VAM's reposi-
indeed becomactive tory considering their age and reliability, which are avail-
able from accessing only the metadata structure. Thus, an-
Distribution of Algorithms: The requirement to connectother memory process can indirectly cause a hypothesis to
memory instances and corresponding algorithms across @& removed by lowering the respective reliability. Due to
ferent machines in order to guarantee fast system reactibe close coupling of this task to the memory content, the
led to the development of a framework for distributed prdergetting is realized as an IMP.
cessing. Such processes can be declared with so called IMP spec-
The XML enabled Communication Framework (XCF)fications that consist of an initialization block, one or
[16] encapsulates the complexity of building distributechore trigger listeners and the corresponding algorithms ex-
systems and introduces additional features to achieve a lpressed in a scripting language. The type of memory el-
coupling between active memory instances and extringment, as for instance hypothesis, as well as the memory
memory processes. XCF itself uses the Internet Comninterface action type, e.ginsert queryor updateyield a
nication Engine (ICE)[17] as technical basis and is wricomplete trigger specification. An example of an IMP spec-
ten in C++. It features a pattern based design as well ifisation for the above mentioned forgetting process is de-
communication semantics like publisher-subscriber that gicted in Figurd B. In this example, three trigger listeners
low one-to-many communication, (non-)blocking remoterere defined that are registered for the insert and update ac-
procedure calls (RPC) and event channels. XCF providiens of the memory interface as well as for a spetirakr

ased on XML. Since interfaces are specified using XML
1ema, runtime type safety can be ensured and high per-
rmance native datatype transmission is possible. Addi-

IMP: Forgetting
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event that is generated by the runtime environment in the
given interval. The provided XPath specifications match

every hypothesis element that is inserted or updated by the . e :
memory instance. aceiueved. Its aim is to consolidate the memory content by

The respective algorithms of the IMP listeners are ther{%f'—Sing different hypotheses and rejecting inconsistent and

fore executed when the trigger condition is met. Up to nO\H'nreIiable knowledge. Motivated by foundations of cog-

the runtime environment executes and compiles PythBPi'On [L] the gvaluatlon 0 Contextof hypothesis leads
ég) more robust interpretation of sensor data. To be more

code which allows for the ad-hoc description of memo ) | " I tind dent of
processes as shown in this example. Additionally, it pff €¢!S€, memory elements are usually not inaependent o
@&h other, but havEunctional Dependenciesvhich al-

forms management tasks, e.g., saving local variables u for determining i istenci d to infer ad d
by a trigger listener and restoring them for listeners of t gw for determining inconsistencies and fo infer advance

same IMP upon activation. Objects that allow for repos (nowledge from given sensory data. A common approach

tory access within the current transaction are made av ﬁ_n?(odt_arlhcondnmn?]l_ delpenge?mes IS ;otllﬂa;/e&ar;.fpe(;—f
able and the actual memory element is made available a S _These graphical models proved to be qualilied for
XML document that can be manipulated by the IMP Iister{pu“'rnOdaII scene understandirig J19] and in the field of

ers. When all registered listeners have finished their com—l“'lt"Cue fusion for object recognitiofLPO]. In the follow-

putations the XML information is written to the repositor))ng’ we describe how Bayesian networks can be applied for

backend. Furthermore, the runtime environment is resspocr?-nSIStenCy validation in a visual active memory architec-

sible for resource control and scheduling of sequenced I§re- . . .
teners from different IMPs. If perception processes feed their results into the mem-

With these features, a forgetting process can easily be §EY: fllt' T'ght Qt(:r10u;rt]hat SE)I_?:,E of thebaszum(;:d fkllypot;eseslflre
fined in a declarative way and can itself be reconfigured afi nh icting with others. |shmay ef ue to awhe resg S
stored as an element in the repository as shown in Fjgure”3 ('€ Perceptions or to a change of situation that made a

Through the execution of IMPs in the active memory itsel ypothesis invalid. The task of a consistency validation is
té)odetect these conflicts and solve them by e.g. changing the

processes can efficiently be realized that are highly coupl . :
to vast amounts of the processed data. metgdata of the respective hy_potheses. Thg consistency val-
idation can affect the forgetting of conflicting hypotheses
by lowering their reliability factor. Consistency validation
is thus defined as an EMP that usesctional Dependency
Extrinsic Memory Processes (EMRie the main computa- ConceptgFDC) to rate hypotheses in the memory. These
tional modules of the cognitive system. In contrast to IMASDCs basically consist of Bayesian networks, and XPath
these components work asynchronously on the memory statements as addressing schema for referencing hypothe-
stances and are therefore only loosely coupled, which aks in the repository.
lows for very flexible algorithms and architectures. Note One of the realized FDCs of the office scenario is cho-
that there is no direct communication between these ma#®n to explain the approach in more detail: The user is
ules (except communication with low-level modules) bubcated in front of a computer and occasionally perform-
all data exchange is mediated through the memory. The uisg a “typing” action. Exemplary images of this scenario
of XML as exchange data format between an EMP and thee shown in Figurg]4. Obviously, it is impossible to per-
Memory Infrastructure makes it straightforward to includérm the action “typing” without having a computer in the
existing algorithms and modules in our system since thegene. If this situation occurs, the involved hypotheses have
only have to be extended by the Memory Interface for databe doubted, since they are not expected by the underlying
input and output. Furthermore, XPath and XLink providenodel in the given context.
methods to access data stored in the repository. The Bayesian network representing the described rela-
tion of a computer-typing setup is shown in FigQife 5 with
Consistency ValidationThis EMP for consistency valida- the particular conditional dependency tables attached to
tion is chosen as an example to describe the interactieach node.
between memory infrastructure and memory processes irBased on this definition of FDC, a conflict in the mem-
more detail. It also outlines the central role of consigry content is detected as follows: A Bayesian network
tency validation for information fusion and how it can belefines the expectation of allocatiobefiefg of its vari-

Fig. 5: BN for a computer setup scenario.

3.4 EMP: Consistency Validation
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Fig. 6: Query performance of memory element repository.

ables. For consistency validation the value for each vavihich in consequence decreases the conflict value. Thus,
ables is derived from the existence of a particular hyhis EMP realizes universal hypothesis fusion in terms of
pothesis in the VAM which comes from the binary seimproving the consistency of the memory content.

{true, false}. As stated beforehand, the existence of a hy-

pothesis is ascertained by evaluating the given XPath state- Results

ments of the FDC on the actual repository content to fill

these variables with concrete values. For instance, our siyaluating the presented integrative system includes very
tem setsvis_O_keyboard = true if the XPath-Statement different aspects. On the one hand, the applicability of the
/OBJECT[CLASS/text()='"KEYBOARD’] provides a realized XML based Memory Infrastructure in terms of per-
valid result set. In the context of Bayesian networks, thef@mance has to be evaluated. As the active memory plays
observations are calldgvidences = {e;,es,...e,,}. By @ central role in the discussed model for information fusion
considering all evidences in the network a conflict valu&e throughput and access performance are fundamental to
conf can be calculated as a kind of emergence measure gasure the reactivity of the proposed system. On the other

fined in [21]: hand, the power of the consistency validation approach is
m analyzed, by evaluating different FDC in the office sce-
I1 P(es) nario. Furthermore, the advances in system integration aris-
confle) = logy =1 (1) ing from the presented concepts are outlined.

Pe)

ThereP(e) denotes the overall probability of the given evi4.1  Memory Infrastructure

dences whileP(e;) are the marginal probabilities of the in-

volved random variables of the Bayesian network. In ca¥¢len fusing information in an integrated system, it has to
of a conflict, the probabilityP(e) is expected to be small be ensured that the technical basis performs well in order

in relation to the product of the probabilitie(e;) since to allow a fast system reaction. Therefore a performance

the evidences are not explained by the given concept. Agnalysis of the XML based repository of the memory in-

consequencesonf(e) will be greater than zero and aHOWSfrastructure is necessary. Of foremost interest is how query

to detect the conflict. performance scales with larger datasets as they are expected
In order to cope with uncertainty of the underlying per? cognitive vision systems. .
ception processespft evidenceinstead of hard evidences OUr  evaluation method is similar to the ~appli-
are used for the observable nodes. Instead of exclusive Egtion independent Michigan micro-benchmark proce-
idences from the seftrue, false}, we allow each vari- duré for XML databases[ [22] but was adapted to
able to have an evidence-veclr= (es uc, €aise)” With  OUr OWN dfataset consisting of memory elem_ents as
0 < €irue.fatse} < 1 aNdeyrye +€faise = 1. The concrete shown in Figure[ . Figuré¢] 6 exemplarlly depicts the
value of a node’s evidence is controlled by the reliabilitf'ean Performance of an attribute equality query like
of the hypothesis represented by that node, which is traffBIECT/REGION/RECTANGLE/COORDS[@w=225/@¢qS3 that will
parently accessible via XPath due to the type hierarchy Gtumn a set of XML nodes that match the given condition,

memory elements. The more reliable a hypothesis is, tAgSCribed by an XPath statement. _
“harder” is the evidence. For a reliability facter= 1, the Apart from the size of the dataset the size of the result

evidence is set t6 = (1,0)” according to setis also of interest. A typical query might return less than
’ one percent of the whole datasktv selectivity, no query

= (05(1+7r),05(1—r)T, @) is expected to exceed result set size of five perceigh(

selectivity of the whole.

and tog = (0.5,0.5)" for r = 0, which is equivalent to an Looking at indexed and non-indexed queries, the latter
unobserved variable with no evidence. When detecting a 9 q '

. o ones are very expensive in terms of time. Also, in that case,
conflict the memory process lowers the reliabilityof the selectivity of a query is irrelevant as disk 1/O for a sequen-
involved conflicting hypotheseshy y query 9

tial scan of the repository seems to be the limiting factor. In
o= fer with0 < f < 1, (3) contrast, indexed queries with low selectivity show almost

(etrue ) efalse)T



4 0.8F

4 0.7F

4 0.6F

true)
true)

0.5

P(h, =
\
P(h, =

N 0.4r

N 0.3

b 0.2

Hl Belief -
71 0.1} I Evidence
conf = -0.442

‘
‘
V_OH VOMn VOK EAT VAT EOC VOM VOH

o
]
]

. . . . . .

0.9f

0.8

0.7f

0.6

0.5(

0.4

0.3(

0.2

Il Belief
0.1 [ Evidence
conf =-0.413 ‘ ] ‘ ‘

EAT VAT EOC VOM

V.OMn V. OK

o

(a) no hypothesis (b) fitting set of hypotheses

0.9r 4 09 = —
0.81 4 o08fF —
0.7 4 o7t —
0.6 4 o6f = —
0.5 47 05 N
0.41 4 04f —
0.3 4 03fF —
0.21 4 02F —
Hl Belief Hl Belief
0.1 [ Evidence 1 011 [ Evidence 1
o conf =2.794 ‘ [ ‘ ‘ ‘ o conf =0.165 B [ ‘ ‘ ‘
EOC V.OM VOH EOC VOM VOH

VOMN VOK EAT VAT VOMN VOK EAT VAT

true)
true)

P(h,
P(h

(c) conflict, full reliability (d) conflict, weak reliability

Fig. 7: Beliefs anctonf-value of 4 cases.

constantly excellent performance regardless of repositang values for different memory configurations with their
size. Even better, the performance of the indexs8uery respective evidences are displayed in Figure 7.

with high selectivity is also sufficient for our application as _. . .
it takes e.g. ~0.57 seconds to retrieve about 1000 XML Diagram¢ J'(@) and (p) depict the results for a consistent

hypotheses from a repository with 20000 memory elemefEEMOrY content in the sense of the evaluated FDC, since
(see FigurJ6) conf(e) < 0 is true for these two configurations. On the

Summarizing, the use of XML encoded memory elé2"® hand[ () shows the case of having no relevant hy-

ments with our infrastructure and the ability of indexin%OtEeSils g}/air:able,hwhile on the othgr hah_%] '\(Ab) incnges
the underlying database provides a fast and reliable bad@-reliable hypothesis onis_O_monitor (v-O-Mn) an

for the fusion of information in active memory instances. ?*5-O-keyboard (v.O_K), which support each other very
well. On the contrary, the two configuratioff 7(c) and

[(@) held conflicting hypotheses, as it is indicated by
conf(e) > 0. Both configurations contain hypotheses of
In order to evaluate our consistency validation approach,s_O_monitor (v.O_Mn) andvis_A_typing (V_.A_T) but

we defined FDCs on different constellations of objects amb hypothesis omis_O_keyboard (v_O_K) which violates
actions that are typical for the office scenario. Here, resuttee trained model that expects an keyboard to be visible
are presented for the FDC analyzing “typing”-action in corwhile typing. As stated in sectidn 3.4, in case of a con-
text of objects in the computer setup scenario, which coftict, the reliability of a hypothesis is decreased. The ef-
sequently implies fusion of hypotheses generated by actif@et of incorporating the reliability using soft evidences is
and object recognition. A trained FDC is applied to actudepicted irf (d). Doubting hypotheses by lowering their re-
memory contents to evaluate the consistency. Therefore, liability (7, 4 7 = 0.6) allows the reduction of the con-
each assignment of the memory, the conflict valoef{e) flict potential. The dynamic of this process is depicted in
and the beliefsP(h; = true) for each hypothesis; are Fig.[§, that corresponds to the c@sg (c) with both conflict-
calculated, by propagating the evidences obtained from ting hypotheses having an initial reliability f Due to the
current memory content into the Bayesian network. Resultetected conflict, this reliability is decreased according to

4.2 Consistency Validation
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Fig. 8: Time dynamics of consistency validation. Reliability factor is decreaseasnfil< 0.

equatior] B { = 0.9), which on its part decreases the con- Debugging and Evaluation of integrated cognitive vision
flict value. Every time the consistency validation is exesystems is supported by simulation of components using
cuted, it decreases the reliability untibnf < 0 to solve the XCF for replaying recorded memory data with a so called

conflict. module simulator. If the memory content metadata provides
time information (as shown in figuifg 2), whole architec-
4.3 Advances in System Integration tural layers can be replaced by this simulation tool as if they

were online available. Development and evaluation of dif-

The cognitive vision system outlined in the introductiofierent algorithms or system configurations on comparable
was developed with first implementations of the memowyata has been much easier with this feature. The declara-
infrastructure framework. Experience shows that the usige nature of memory elements and IMPs, simple debug-
of XML helped in defining datatypes which are suitablging and the changeability of specifications also qualifies
for every involved project partner. There is no need to rene active memory framework for rapid prototyping in cog-
duce the interchanged information type to an artificial leagttive vision research.
common denominator as this is the case when there is no
flexibility allowed in exchanged datatypes. Another aspect )
useful both for development of the system and the runtinfe  Conclusion and Outlook
architecture is the ability of the memory interface to inte-
grate new information types without having to physicallyfhe successful integration of the visual active memory and
restart any servers or to redeploy any schemas. The absdheeonline ability of the resulting system architecture in our
of fixed data schemas helps also in restructuring of conteatilaborative cognitive vision project is a first proof of con-
and allows for storing of completely new information struceept for the proposed framework for information fusion. To
tures which is useful, e.g., for learning architectures. allow fusion of memory elements, in particular of hypothe-

Besides the goal to fulfill the functional requirements foses using their context, an attempt to use Bayesian networks
an active memory with a flexible approach, our realizatiors a basis for an extrinsic memory process proved an eligi-
is also beneficial for non-functional system integration alle concept for our cognitive vision system. The proposed
pects. One of these additional outcomes is the simplicepnflict measure is universally applicable on any type of
and usability through a clear and straightforward API arfdnctional dependency concept and provides the possibil-
the use of standards based XML technologies throughdiytto rate knowledge stored in the memory. In conjunction
the whole framework. The proposed unified data model reith the presented concept of a generic hypothesis data type
sults in changeability, easier adaptation and integration @fid memory infrastructure, this provides a new and unique
modules. Furthermore, openness of distributed memory technique to realize a cognitive active memory, which can
stances allows developers to retrieve information in a stagtore, fuse and actively consolidate knowledge obtained
dard fashion using declarative queries. from different perceptual modalities. The developed mem-

Low coupling as an important feature of a modular arch@ry infrastructure provides a flexible runtime-environment
tecture is reached through a combination of memory infré@r intrinsic memory processes, exemplarily shown for the
structure and XCF. The memory instances itself decougdi¥getting process, and easy access to the memory contents.
the memory processes and serve as an information media-urthermore, the non-functional advances of the integra-
tor while the XCF framework provides location and acced$ive system achieved by the use of XML as data exchange
transparency for components. This facilitates the excharfgemat, allow for easy integration of third-party modules
of components and leads to high robustness against coma®information sources into the system, which is especially
nent failure. important for large-scale cognitive systems.
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