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(57) Abstract: An auto-commissioning system provides automatic parameter selection for an intelligent video system based on tar-
get video provided by the intelligent video system. The auto-commissioning system extracts visual feature descriptors from the target
video and provides the one or more visual feature descriptors associated with the received target video to an parameter database that
is comprised of a plurality of entries, each entry including a set of one or more stored visual feature descriptors and associated para -
meters tailored for the set of stored visual feature descriptors. A search of the parameter database locates one or more best matches
between the extracted visual feature descriptors and the stored visual feature descriptors. The parameters associated with the best
matches are returned as part of the search arid used to commission the intelligent video system.
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SYSTEM AND METHOD FOR AUTO-COMMISSIONING AN INTELLIGENT
VIDEO SYSTEM

BACKGROUND

6661} The present invention is related to image processing and computer vision, and
in parficular to antomatic commissioning of video analytic algorithms,

{00821 Intefligent video surveillance systems use image processing and computer
vision teclniques (i.e., video analytic software) to analyze video data provided by one or
more video cameras.  Based on the performed analysis, events are detected astomatically
without requiring an operator to monitor the data collected by the video surveillance systems.
10603] However, the installation of intelligent video surveiltance systems requires the
video analytic software to be configured, including setting parameters associated with the
video analytic software to optimize performance of the video analytic software in correctly
identifying events in the analyzed video data.  This process, known as commissioning the
system, is time and labor intensive. typically requiving a techniclan to test different

combinations of parameters,

SUMMARY
[0004] An auto~commissioning system provides automatic parameter selection and
optimization for an intelligent video system based on target video provided by the intelligent
video system. The auto-commissioning system extracts visual feature descriptors from the
target video and provides the one or more visual feature descriptors associated with the
received target video to an parameter database that is comprised of a plurality of entries, each
entry incloding a set of one or more stored visval feature descriptors and associated
parameters optimized for the set of stored visual feature descriptors. A search of the
parameter database locates one or more best matches between the extracted visual feature
descriptors and the stored visual feature descriptors.  The optimized parameters associated
with the best matches are returned as part of the search and used to commission the intelligent

video system.
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BRIEF DESCRIPTION OF THE DRAWINGS
{6G05] FIG. 1 is a block diagram of an intelligent video surveiliance system and
automatic conumissioning system according to an embodiment of the present invention.
6086} FIG. 2 is a block diagram illusirating generation of a parameter database
according fo an embodiment of the present invention.
{0007} FIG. 3 1s a flowchart illustrating a method of avtomatically commissioning the

intelligent video surveillance system according to an embodiment of the present invention.

DETAILED DESCRIPTION

{0008} FIG. 1 is a block diagram of intelligent video surveillance system 10 and
automatic commissioning system 12 according to an embodiment of the present invention.
Intelligent video surveillance system 10 inclades video camera 14 and image/computer vision
processor 16. Video camera 14 captures images aud/or video data for provision to
image/computer vision processor 16, which executes  video analytic software 18 to analyze
the images andfor video data provided by video camera 14 to automatically detect
objects/events within the fleld of view of video camera 14. Objects/events detected by
video analytic software 18 may include object identification, object tracking, speed
estimation, fire detection, intruder detection, ete, with respeet to the received images and/or
video data,

{009] The performance of video analytic software 18 is tailored for a particular
application (Le., the environment in which the intelligent video system is installed and/or the
type of detection to be performed by the intelligent video system) by varying a plurality of
parameters associated with video analytic sofiware 18. These parameters may include
thresholds for deciston making, adaptation rates for adaptive algorithms, limits or bounds on
acceptable computed values, ete..  The process of selecting the parameters of video analytic
software 18 during initialization of intelligent video surveillance system 10 s referred 1o as
commissioning the system. Typically, conumissioning an intelligent video surveillance
systemn is done manually by a technician, who tests different combinations of parameter
values until the video analytic software correctly interprets {est data provided. However,
this process is time~consuming and therefore expensive.

{8018} in the embodiment shown in FIG. 1, auto-comunissioning system 12 receives
test video data from inteltigent video system 10 and in response to the test video data acts to
automatically select parameters for the commissioning of video analytic software 18, thereby
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obviating the need for a technician to test all combinations of parameters.  The test video
data may be provided directly from video camera 14, or may be provided via image/computer
vision processor 16.

j8011] in general, auto-commissioning systern 12 automatically extracts video feature
descriptors (L., features that describe the video content) from the test video data.  Video
feature descriptors may include aspects such as Hlumination changes, presence of shadows,
busy versus non-busy scene, background motion, camera vibration, ete..  Visual fearure
descriptors may be binary in nature {e.g., either a scene is busy or non-busy), may be
continuous and expressed by a range of values (e.g., llumination may be expressed as any
munber between 0-10), may be a probability distribution in space or time of some
characteristic of the video (e.g., the distribution of shadows over some quantization of time),
ete.  For example, an outdoor surveillance system overlooking a park may include dramatic
iflumination changes, the presence of changing shadows, and be relatively busy.  In contrast,
a surveillance system employed in a museum hallway afier hours may have no ilumination
changes, no shadows, and be non-busy.  For each application, a different set of parameters
will likely be employed to maximize performance.

0012} Auto-commissioning system 12 extracts video feature descriptors from the test
video data, and compares the extracted video feature descriptors to 4 parameter database that
includes a plurality of combinations of video feature deseriptors {describing different types of
video data), each combination associated with parameters tailored to the combination of
video feature descriptors. A best mateh between the extracted video feature descriptors and
one of the plurality of combinations of video feature descriptors in the parameter database is
determined, and the parameters associated with the best match is provided for provision to
video analytic software 18,

8813} In one embodiment, auto~commissioning system 12 is focated in a centralized
control room remote from intelligent video systern 10.  Test video data provided by
inteiligent video system 10 is communicated to centralized avto-commissioning system 12
for analysis, with parameters subsequently communicated from austo-commissioning system
12 to intelligent video system [0, Communication between devices may be wired or
wireless, according to well known communication protocols (e.g., Internet, LAN).  In other
erabodiments, auto-conunissioning system 12 is portable/maobile {i.e., laptop or other mobile
processing device), allowing a technician comunissioning a system to connect auto-

commissioning system 12 to intelligent video system 10 locally.
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{14} FIG. 2 is a block diagram illustrating generation of parameter database 20
employed by auto-conmissioning system 12 according to an embodiment of the present
invention. In general, parameter database 20 stores a plurality of combinations of video
feature descriptors,  In addition, for each combination of different video feature descriptors,
the parameter databasc stores a set of parameters aflored to the particular combination of
video feature descriptors.  In one embodiment, combinations of video feature descriptors
and parameters making up each enfry in the database are stored as vectors, with each video
feature descriptor and parameter being assigned a particular position within the vector.
During the asto-commissioning process, the feature descriptors extracted from the test video
data are provided to parameter database for search and retrieval of a possible match between
the extracted visual feature descriptors and stored visual feature descriptors.  Parameters
associated with the matched combination of feature descriptors are selected for auto-
connmissioning of the video analytic software 18. The metching of features In parameter
database 28 may be by any of a number of well known means, e.g., by selecting the centroid
of a cluster, by interpolating a functional approximation of the parameters in the database,
ete.

0015} Parameter database 20 is created by combining information from a plarality of
different sources.  In the embodiment shown in FIG. 2, inputs provided to create parameter
database 20 include, but arg not limited to: algorithm knowledge based on slgorithms
employed by the video analytic software 18, commissioning experience/knowledge of
commissioning experts, and a collection of sample Imagefvideo data with expert defined
parameters.  One of the goals of parameter database 20 is the cellection of knowledge,
gxperience, and expertise provided by human experience into a subjective rules system used
for automatically commissioning video analytic software.

{0016} Inputs provided to parameter database 20 are provided in a format that allows
for comparison and matching (search and retrieval) based on visual feature descriptors.
Inputs may be loaded manually by a user via a user interface such as a keyboard, or may be
uploaded from a remote system.  In some instances, rather than manually enter a plurality of
visual feature descriptors defining a particular application (i.e., busy, non-busy, motion, no
motion, ete.), actual video content may be provided as an input and a visual feature extractor
operating on a computer system analyzes and extracts desired video feature descriptors.
Visual feature descriptors, whether manually entered or extracted from actual videos are then
paired with parameters tailored or selected for the identified visual feature descriptors.  Fach
eniry stored in parameter database 20 relates visual features associated with a particular video

4
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scene with a corresponding plurality of parameters.  Commissioning of an intelligent video
system then becomes a matter of extracting video features associated with the field of view of
the indeiligent video system (i.e., test video data) and comparing the extracted video features
with those stored in parameter database 20 to find a match or hest fit, The parameters
associated with the matching entry and then selected as the parameters for the intelligent
video system.

{7y In the embodiment shown in FIG. 2, parameter database 20 is built with
knowledge from algorithmo experts, commissioning experts, and video database experts.
Input from algorithm experts is provided/stored at step 24, As described above, input may
be provided manually via a user interface {g.g., keyhoard, monitor) or may be communicated
as a stored file to a compuier system associated with parameter database 20, Algorithm
knowledge includes knowledge gained from studying the algorithms emploved by video
analytic software 18 to select parameters for different types of video feature descriptors.
For example, analysis of an algorithm for detecting motion within the field of view of video
camera 14 may indicate that performance of the algorithm is improved by moditving a
particular parameter (e.g., gain) based on a particular video festure descriptor (e.g.,
llumination), Based on knowledge of the algorithms emploved by the video analytic
software, database eniries can be created that relate various visual feature descriptors with
particular parameter values. At step 26, input provided by algorithm experts is organized
into entries that include a plurality of visual features (i.e. a set of visual features) describing a
particular type of eavircoment or conditions, and selected parameters for each set of visual
features, and each entry is stored to parameter database 20.  As described above, each entry
may be stored in vector format, with each position of the vector defined by a particular video
feature descriptor and parameter.

{0818] Expert/commissioning knowledge is provided at step 28, and includes
information collected from experts regarding parameters associated with various visual
features. Expert knowledge may be provided via a user interface, or may be provided as a
stoved file. For example, an expert may provide a database entry with respect {0 a certain
combination of visual features {e.g., moving shadows, changing illumination) and the
experts’ opinion regarding parameters best suited for the visual features provided. At step
30, the input provided by experls is organized into entries that include a plurality of visual
features (i.e., set of visual features) describing a particular type of environment or conditions,

and selected parameters for each set of visual features. Tach ontry i then stored to
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parameter database 20, In this way, the experience/human knowiedge of 2 commissioning
expert is organized as part of parameter database 20.
{6015 A collection of videos with expert defined parameters is provided as another
input 1o parameter database 20, In one embodiment, the collection of video content
represents problematic videos that required expert analysis to determine the best parameter
valugs, Visual feature descriptors are extracted from sach video at step 32, and the
parameters previously selected by experts are paired with the extracted visual features to
create database entries that include the plurality of video feature descriptors and selected
pararseters for each video content sample in the collection at step 34, The database eniries
are then stored in parameter database 20. The features and parameters in database 20 may
change over time as features are added or eliminated and as parameters are added or
eliminated with the change of video analytics algorithms,
{60264 Eniries created by each of the phwality of different inputs are stored to
parameter database 20 to aliow for subsequent search and retrieval of database entries. In
one embodiment, duplicative entries (ie., those entries having the same visual feature
descriptors as other entries} may be combined with one another by averaging the parameter
values associated with each duplicative entry or by deleting one of the entries.  Other well
known methods of handling duplicate. missing, or contradictory information in databases
may also be used such as clustering or fonctional approximation.
{08214 FIG. 3 s a block diagram iHustrating functions performed by auto-
commissioning system 12 to antomatically commission intelligent video surveillance system
according to an embodiment of the present invention.  As described with respect to FIG. 1,
target video provided by intelligent video systems 10 is provided as an input o auto-
commissioning system 12, and selected parameters are provided as an output by auto-
commissioning system 12 to intefligent video system 10, in the embodiment shown in FIG.
3, auto-commissioning system 12 includes feature extractor 42, fronteend graphical aser
interface (GUL) 44, feature accumulator 46, parameter database 48, ground truth calculator 50
and parameter selector 52.
{6022] Auto~-commissioning system 12 receives target video from intelligent video
surveillance systemy 10, Feature extractor 42 exfracts visuval feature descriptors from the
target video provided by intelligent video system 10, In the embodiment shown in FIG, 3,
the visual feature descriptors extracted by featwre extractor 42 are saved as a first visual
feature descriptor set.  Varjous algorithims can be emploved by feature exiractor 42 to
extract varfous visual features.  For example, one algorithim may be emploved to determine
)
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whether the scene is busy or nou-busy, while another algorithm may be employed for shadow
gstimation, while another algorithm may be employed for detecting illumination changes.
The algorithms selected for inclusion will generate a set of visua features that cover the most
salient visual features with respect to the parameters used to optimize performance of video
analytic software 18.

6231 In addition to automatic exiraction of visual feature descriptors, a user may
manually provide input regarding visual feature deseriptors associated with the target video
via front-end GUI 44, The visual feature descriptors provided by a nser via front-end GUI
44 are saved as a second visual feature descriptor.  In other embodiments, visual feature
descriptor input is provided only via automatic visual feature desctiptor extraction, with no
input required from the user.

{0024} I visual features descriptors are input from both a user and automatic visual
feature extraction, then the first visual feature set and second visual feature set ave combined
by feature accumulator 46. The combination mayv include averaging of the first visual
feature set with the second visual feature set, selection of maximum values within the first
visual feature set and the second visual feature set, or other useftd forms of combining the
visual feature descriptor sets.  The combined visual feature set is provided to parameter
database 48 for search and retrieval of optimal parameters. In one embodiment, the
combined visual features arc organized into a vector as described with respect to FIG. 2 for
comparison to database entries stored by parameter database 20.

10825] Parameter database 48 searches for stored entires matching or most closely
matching the received visual feature descriptors.  There are a number of search and retrieval
algorithms that may be employed to watch the visual feature deseriptors associated with the
target video to the visual feature descriptors stored in parameter database 48, For example,
search and retrieval methods such as Kd-Tree searches and R-Tree search may be employed.
The Kd-Tree search is described in detatl by the following publication: Michael S. Lew, Nicu
Sebe, Chabane Dijerabs, Ramesh Jain, Content-based multimedia information retrieval: Stote
of the art and challenges, ACM Transactions on Multimedia Computer, Communication, and
Applications (TOMCCAP), Volume 2, Issue 1 (February 2000}, Pages: 1-19. The R-tree
search is described in detail by the following publication: V.S, Subrahmanian, “Principles of
Multimedia Database Systems”, Morgan Kaufimang, January 1998, The results of the
database search and retrieval are database entries having visual feature descriptors most

closely matching the visual descriptors provided with respect to the target video,
y g P P 15 g
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{80261 In one embodiment, the parameters retrieved by parameter database 48 are
provided directly to intelligent video surveillance system 10 for commissioning of the
system.  In the embodiment shown n FIG, 3, parameters or sets of parameters retrieved by
parameter database 48 are provided to parameter selector 52 to test/verify selection of the
selected parameters.  That is, the parameters provided by parameter database 48 are
employed as a starting point for a fast optimization of parameters.  Ground truth calculator
50 receives and/or caleulates ground truth events based on the target video.  Ground fruth
evenis represent objectsfevents associated with the farget video that are knows to be true.
For example, a user {via front-end GUIL 44) may analyze video content and determine the
speed of' a particular object in the video.  For an intelligent video surveillance system tasked
with automatically analyzing video content to detect the speed of objects detected, this
ground truth event (.e., the spead of the car) can be used as a refgrence point for measuring
or gauging the performance of intelligent video surveillance system 10.  For example, if a
ground truth event is defined as an object moving 10 mph, subsequent analysis of the same
video content by ntelligent video surveillance system 10 indicating that the car is moving 20
mph indicates an error or offset in the intelligent video surveillance system. In this way,
ground truth events provide a baseline for comparing the output of video analysis performed
with selected parameters.

{8827] Inn the embodiment shown in FIG. 3, parameter selector 52 includes video
analytic software that can be configured with selected parameters retrieved by parameter
database 48 and applied to target video for apalysis. The results of the analysis perforraed
(i.e., events/ohjects detected as a result of the analyzed video data) is compared with ground
truth events defined with respect to the target video.  True exhaustive testing requires each
combination of parameters to be analyzed and compared to desired results {(i.e., ground truth
events) to select parameters, which is a time-consuming process.  In the present invention,
exhaustive testing is avoided by using the set{s) of sefected parameters provided by parameter
database 48 as a starting point for what is referred to as f{ast testing. For each set of
parameters provided by parameter database 48, various functions associated with the video
analytic software are tested and results (i.e., event/object detection provided by video analytic
software) are compared 1o ground truth results,

{0828] Based on the difference between the video analytic results and the ground
truth results, parameter selector 52 calculates a performance value(s) with respect to the
corrent set of selected parameters.  Fast parameter selector 32 compares the curvent
performance value with previously measured performance values associated with different

8§
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sets of selected parameters, and uses the difference between the measured performance
values (i.e., a parameter gradient) to select a next set of parameters to fest.

6629} For example, parameter selector 52 analyzes the target video with a first set of
parameters retrieved by parameter database 48 and results are comparegd to the defined
ground truth to define first performance valuves, and a second set of parameters retrieved by
pargmeter database 48 (or selected based on the results of a previous set) and results are
compared to the defined ground truth to define second performance values. The first and
second set of performance values are compared to one another to define a parameter gradient
that is used by parameter selector 52 {o select a subsequent set of parameters 1o test.  When
the performance values indicate a threshold level of performance, the process ends and the
selecied parameters are provided fo intelligent video surveillance system 10 for
commissioning. When the performance values do not indicate a threshold level of
performance, a vew set of parameters are chosen by any of a number of well known
optimization algorithms.

16636} The system and method described with respect to FIG. 3 therefore provides
fast, automatic commissioning of video apalytic software.  Visual features or descriptors
associated with the system to be commissioned {i.e. target video) are extracted. One or
more sets of parameters are selected by comparing the visual features/descriptors to a visual
features/descriptors stored in a database and associated with parameters.  Testing of
selected parameters allows the best set of parameters to be selecied for commissioning of
intelligent video surveilfance system 10,

{0031} While the imwvention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention.  In addition, many modificalions may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof, Therefore, it is intended that the invention not be limited to the particular
embodiment(s) disclosed, but that the invention will include all embodiments falling within

the scope of the appended claims.
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CLAIMS:
I A method of automatically commissioning an intelligent video system, the
method comprising:
receiving a target video that includes images and/or video data associated with
the intelligent video system to be commissioned;
extracting a fivst set of one or more visual feature descriptors associated with
the recetved target video;
providing the one or more visual features io an parameter database that is
comprised of a plurality of entries, each entry including a set of one or
more stored visual feature descriptors and associated parameters
tatlored for the set of stored visual feature descriptors;
searching the parameter database based on the exiracted visual feature
descriptors to locate one or more best matches between the extracted
visual feature descriptors and the stored visual feature descriptors and
retrieving the one or more sets of parameters associated with the one or
more best matches: and

instailing the retrieved set of parameters in the intelligent video system.

2. The method of claim 1, wherein the parameter database is created from a
plurality of sources, including at least one of a collection of video content from which a
plurality of visual feature deseriptors are extracted and associated with parameters previously
selected with respect to cach video conmtent in the collection, commissioning knowledge of
experts who input a plurality of visual feature descriptors and parameters based on previous
commyissionlng experience, and algorithm knowledge of experts who input a plurality of
visual feature descriptors and parameters based on knowledge of algorithims employed by the

intelligent video system,

3, The method of claim 1, whercin extracting a first set of one or more visual
feature descriptors includes applying ong of more feature extraction algorithms to the target
video, wherein cach algorithm estimates or measures a different visual feature descriptor

associated with the target video.

4. The method of claim 3, wherein the one or more feature extraction algorithms
inclhude alporithms for extracting visual feature descriptors selected from the group
10
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comprising: scene busyness, shadow estimation, illumination, camera vibration, background

motion, contrast, texture, and combinations of these features.

5. The method of claim 1, wherein searching the parameter database includes:

returning a best match between the extracted visual feature descriptors and the
stored visual feature descriptors; and

selecting neavest neighbors associated with the best match to provide a

plurality of sets of parameters.

6. The method of claim 1, further inchuding:
testing performance of the one or more sets of selected parameters to find a

best match set of parameters.

7. The method of claim 1, further including:
manually analyzing the target video to identify one or more ground truth

events that represent correct analysis of the target video.

8. The method of claim 7, wherein testing the performance of the one or more
sets of parameters includes:
A, analyzing the target video with video analytic software configored with
one of the plurality of sets of parameters 1o generate an event output;
B. comparing the event output generated with respect to one of the plurality
of sets of parameters with the one or more ground fruth events to
calculate performance parameters that define the performance of the
selected set of parameters; and
C. selecting a subsequent set of parameters based on the performance
parameters associgted with the analyzed set of optimized values; and
D repeating steps A through C until the generated performance

parameters are satisfactory.

9. The method of claim 8, whercin selecting a subsequent set of parameters

based on the performance parameters includes:
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providing the calculated performance parameters to an optimization algorithm
that compares the calculated performance parameters to previously

calculated performance parameters.

10. An  auto~-commissioning  system  for automatically commissioning an
intelligent video surveillance system, the aufo-commissioning system comprising:
an input that receives target video that includes images and/or video data
associated with the intelligent video system to be conumissioned;
a video feature extractor that extracts a first set of one or more visval feature
descriptors associated with the received target video; and
an parameter database that is comprised of a plurality of entries, each entry
including a set of one or more stoved visual feature descriptors and
associated parameters tailored for the set of stored visual feature
descriptors, wherein the parameter database is searched based on the
first set of one or more visual feature descriptors to retrieve

parameters.

it The auto-commissioning system of claim 10, wherein the parameter database
is created from a plurality of sources, including at least one of a collection of video content
from which a plurality of visnal feature descriptors are extracted and associated with
parameters previously selected with respect to gach video content in the collection,
commissioning knowledge of experts who input a plurality of visual feature deseriptors and
parameters selected based on previous commissioning experience, and algorithm knowledge
of experts who input a plorality of visual feature descriptors and parameters based on

knowledge of algorithms employed by the intelligent video system,

i2. The auvto-commissioning system of claim 10, further including:
a ground truth calculator that caleulators ground truth events assoclated with
the target video; and
a parameter selector configured to test performance of the parameters retrieved
from the parameter database and compare performance of the retrieved
parameters with ground truth gvents associated with the target video,
wherein based on the comparison the parameter selector selects a

i2
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subsequent set of parameters to fest until a satisfactory set of

parameters is identified.

i3, The auto-commissioning system of claim 10, further including:
a graphical user interface that receives input from a user regarding ground
truth events associated with the target video,
14 The auto-commissioning system of claim 9, further inchuding:

a graphical user interface that receives input from a user regarding a second
set of visual feature descriptors associated with the target video; and

a feature accumulator for combining the first set of visual feature descriptors
with the second set of visual feature descriptors to provide a combined
set of visual feature descriptors for provision to the parameter

database.
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