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OBJECT TRACKING 

TECHNICAL FIELD 

[0001] The disclosure relates to tracking an object. 

BACKGROUND 

[0002] In many applications, an image source acquires images which are 

displayed to an operator. Examples of applications include traffic control, border control, 

search and rescue operations, land surveys, police surveillance, military applications, etc. 

[0003] An operator may initiate tracking of an object displayed in a real time 

image by specifying the object to be tracked. For instance, the operator may overlay 

crosshairs or another symbol approximately on the center of the object, or the operator 

may enclose as much as possible of the object in a predetermined shape such as a 

rectangle. An indication of the object to be tracked may then be transferred to a tracker. 

Alternatively, tracking may be automatically initiated without operator involvement, for 

instance upon discerning of an object to be tracked in a real time image. 

[0004] Once tracking has been initiated, the tracker may control the tracking by 

instructing the image source so that preferably the image source acquires real time images 

which include the tracked object. The real time images which preferably include the 

tracked object may be displayed to the operator. In some cases, a symbol such as 

crosshairs, indicating the center of the tracked object as estimated by the tracker, may be 

displayed overlaid on the images. 

SUMMARY 

[0005] In one aspect, in accordance with the disclosed subject matter there is 

provided a system for object tracking, comprising: a tracker operable to provide a 

reference image of an object being tracked for output to an operator, to receive a real time 

image, and to seek the tracked object in the real time image based at least partly on the 

reference image. 

[0006] In some examples of the system, the tracker is further operable to 

determine the reference image. 
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[0007] In some examples of the system, the tracker is further operable to receive 

an input provided by an operator, and to consider at least the input when performing at 

least one of: determining the reference image, or seeking the tracked ohject in the real 

time image. 

[00081 In some examples of the system, the tracker is further operable to perform 

at least one of the following: start object tracking or end object tracking. 

[0009] In some examples, the system further comprises: an output interface 

operable to output the reference image to the operator. 

[0010] In some examples, the system further comprises: an input interface, 

operable to receive an input from the operator, and operable to provide the input to the 

tracker for use in tracking the object. 

[OOllJ In some examples of the system, the tracker is further operable to issue an 

instruction based on a result of the seeking for acquiring a subsequent real time image. 

[0012] In some examples, the system further comprises: an image source operable 

to receive an instruction which was issued by the tracker based on a result of the tracker 

seeking the tracked object in the real time image, wherein the seeking considered at least 

an input of an operator with access to an outputted reference image, and operable to 

acquire a subsequent real time image at least partly based on the received instruction. In 

some cases of these examples, the image source changes or does not change direction of 

pointing when acquiring the subsequent image, at least partly based on the received 

instruction. 

[0013] In another aspect, in accordance with the disclosed subject matter there is 

provided a system for object tracking, comprising: an output interface operable to output 

a reference image of an object being tracked to an operator. 

[0014] In some examples, the system further comprises: an input interface, 

operable to receive an input from the operator, and operable to provide the input to a 

tracker for use in tracking the object. In some cases of these examples, the input includes 

at least one selected from a group comprising: start tracking indication, end tracking 

indication, one or more dimensions of the object being tracked, location information 
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relating to object being tracked, color information relating to object being tracked, 

specification that center of reference image should be changed to a different point, 

specification of center of object, specification that tracking following zoom in/zoom out 

appears successful/unsuccessful, specification that object being tracked should be 

changed, specification that smaller/larger object should be tracked, specification that the 

tracked object does not appear to be centered in the real time image, specification that 

reference image should be updated, specification of desired polarity, or specification that 

reference image should be updated more frequently or less frequently. 

[0015] In some examples of the system, the reference image is outputted as a 

picture within a larger picture of a real time image of the tracked object. 

[0016] In some examples, the system further comprises: a tracker operable to 

provide the reference image to the output interface, to receive a real time image, and to 

seek the tracked object in the real time image based at least partly on the reference 

image. In some cases of these examples, the system further comprises: an image source 

operable to receive an instruction which was issued by the tracker based on a result of 

the tracker seeking the tracked object tracked in the real time image, wherein the seeking 

considered at least an input of an operator with access to an outputted reference image, 

the image source further operable to acquire a subsequent real time image at least partly 

based on the received instruction. In some of these cases, the image source changes or 

does not change direction of pointing when acquiring the subsequent image, at least 

partly based on the received instruction. 

[0017] In another aspect, in accordance with the disclosed subject matter there is 

provided a tracking method, comprising: providing a reference image of an object being 

tracked for output to an operator; receiving a real time image; and seeking the tracked 

objcct in the real time image, at least partly based on the reference image. 

[0018] In some examples, the method further comprises: determining the 

reference image. 

[0019] In some examples, the method further comprises: receiving input provided 

by an operator; and considering at least the input when perf01llling at least one of 

determining the reference image, or seeking the tracked object in the real time image. 



4 

[0020] In some examples, the method further comprises: outputting the reference 

image to the operator. 

[0021] In some examples, the method further comprises: receiving input from the 

operator; and providing the input to a tracker for use in tracking the object. 

[0022] In some examples, the method further comprises: issuing an instruction 

based on a result of the seeking for acquiring a subsequent real time image. 

[0023] In some examples, the method further comprises: receiving an instruction 

which was issued based on a result of the seeking the tracked object in the real time 

image wherein the seeking considered at least an input of an operator with access to an 

outputted reference image; and acquiring a subsequent real time image at least partly 

based on the received instruction. In some cases of these examples, the acquiring 

includes: changing or not changing direction of pointing, at least partly based on the 

received instruction. 

[0024] In another aspect, in accordance with the disclosed suhject matter there is 

provided a method of interfacing with an operator regarding object tracking, comprising: 

outputting a reference image of an object being tracked to an operator. 

[0025] In some examples, the method further comprises: receiving an input from 

the operator; and providing the input to a tracker for use in tracking the object. In some 

cases of these examples, the input includes at least one selected from a group comprising: 

start tracking indication, end tracking indication, one or more dimensions of the object 

being tracked, location information relating to object being tracked, color information 

relating to object being tracked, specification that center of reference image should be 

changed to a different point, specification of center of object, specification that tracking 

following zoom in/zoom out appears successful/unsuccessful, specification that object 

being tracked should be changed, specification that smaller/larger object should be 

tracked, specification that the tracked object does not appear to be centered in the real 

time image, specification that reference image should be updated, specification of desired 

polarity, or specification that reference image should be updated more frequently or less 

frequently. 
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[0026] In some examples of the method, the reference image is outputted as a 

picture within a larger picture of a real time image of the tracked object. 

[0027] In some examples, the method further comprises: receiving a real time 

image; and seeking the tracked object in the real time image, at least partly based on the 

reference image. In some cases of these examples, the method further comprises: 

receiving an instruction which was issued based on a result of the seeking of the object in 

a real time image, wherein the seeking considered at least an input of an operator with 

access to an outputted reference image; and acquiring a subsequent real time image at 

least partly based on the received instruction. In some of these cases, the acquiring 

includes: changing or not changing direction of pointing, at least partly based on the 

received instruction. 

[0028] In another aspect, in accordance with the disclosed subject matter there is 

provided a system for object tracking, comprising: a tracker operable to provide a 

reference image of an object being tracked for output to an operator, to receive a real time 

image, to seek the tracked object in the real time image based at least partly on the 

reference image, and to issue an instruction based on a result of the seeking for acquiring 

a subsequent real time image. 

[0029] In some examples of the system, the tracker is further operable to 

determine the reference image. In some cases of these examples, the tracker is further 

operable to receive an input provided by an operator, and to consider at least the input 

when performing at least one of: determining the reference image, or seeking the tracked 

object in the real time image. 

[0030] In some examples of the system, the tracker is further operable to perform 

at least one of the following: start object tracking or end object tracking. 

[0031] In some examples, the system further comprises: an output interface 

operable to output the reference image to the operator. 

[0032] In another aspect, the disclosed subject matter provides a system for object 

tracking, comprising: an output interface operable to output a reference image of an 

object being tracked to an operator. 
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[0033] In some examples the system further comprises: an input interface, 

operable to receive an input from the operator, and operable to provide the input to a 

tracker for use in tracking the ohject. In some cases of these examples, the input includes 

at least one selected from a group comprising: start tracking indication, end tracking 

indication, one or more dimensions of the object being tracked, location information 

relating to object being tracked, color information relating to object being tracked, 

specification that center of reference image should be changed to a different point, 

specification of center of object, specification that tracking following zoom in/zoom out 

appears successful/unsuccessful, specification that object being tracked should be 

changed, specification that smallerllarger object should be tracked, specification that the 

tracked object does not appear to be centered in the real time image, specification that 

reference image should be updated, specification of desired polarity, or specification that 

reference image should be updated more frequently or less frequently. 

[0034] In some examples of the system, the reference image is outputted as a 

picture within a larger picture of a real time image of the tracked object. 

[0035] In another aspect, in accordance with the disclosed subject matter there is 

provided a system for object tracking, comprising: an image source operable to receive an 

instruction which was issued by a tracker based on a result of the tracker seeking an 

object being tracked within a real time image, wherein the seeking considered at least an 

input of an operator with access to an outputted reference image, the image source 

further operable to acquire a subsequent real time image at least partly based on the 

received instruction. 

[0036] In some examples of the system, the image source changes or does not 

change direction of pointing when acquiring the subsequent image, at least partly based 

on the received instruction. 

[0037] In another aspect, in accordance with the disclosed subject matter there is 

provided a system for object tracking, comprising: an input interface operable to receive 

an input from an operator with access to an outputted reference image, and operable to 

provide the input to a tracker for use in tracking the object. 
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[0038] In some examples of the system, the input includes at least one selected 

from a group comprising: start tracking indication, end tracking indication, one or more 

dimensions of the ohject heing tracked, location information relating to ohject heing 

tracked, color information relating to object being tracked, specification that center of 

reference image should be changed to a different point, specification of center of object, 

specification that tracking following zoom in/zoom out appears successful/unsuccessful, 

specification that object heing tracked should be changed, specification that 

smaller/larger object should be tracked, specification that the tracked object does not 

appear to be centered in the real time image, specification that reference image should be 

updated, specification of desired polarity, or specification that reference image should be 

updated more frequently or less frequently. 

[0039] In another aspect, in accordance with the disclosed subject matter there is 

provided a tracking method, comprising: providing a reference image of an object being 

tracked for output to an operator; receiving a real time image; seeking the tracked object 

in the real time image, at least partly based on the reference image; and issuing an 

instruction based on a result of the seeking for acquiring a subsequent real time image. 

[0040] In some examples, the method further comprises: determining the 

reference image. In some cases of these examples, the method further comprises: 

receiving input provided by an operator; and considering at least the input when 

performing at least one of determining the reference image, or seeking the tracked object 

in the real time image. 

[0041] In some examples, the method further comprises: outputting the reference 

image to the operator. 

[0042] In another aspect, in accordance with the disclosed subject matter there is 

provided a method of interfacing with an operator regarding object tracking, comprising: 

outputting a reference image of an object being tracked to an operator. 

[0043] In some examples, the method further comprises: receiving an input from 

the operator; and providing the input to a tracker for use in tracking the object. 

[0044] In some examples of the method, the reference image is outputted as a 

picture within a larger picture of a real time image of the tracked object. 
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[0045] In another aspect, in accordance with the disclosed subject matter there is 

provided a method of acquiring a real time image for use in object tracking, comprising: 

receiving an instruction which was issued hy a tracker hased on a result of the tracker 

seeking an object being tracked within a real time image, wherein the seeking considered 

at least an input of an operator with access to an outputted reference image; and 

acquiring a subsequent real time image at least partly based on the received instruction. 

[0046] In some examples of the method, the acquiring includes: changing or not 

changing direction of pointing, at least partly based on the received instruction. 

[0047] In another aspect, in accordance with the disclosed subject matter there is 

provided a method of interfacing with an operator regarding object tracking, comprising: 

receiving an input from an operator with access to an outputted reference image; and 

providing the input to a tracker for use in tracking the object. 

[0048] In another aspect, in accordance with the disclosed subject matter there is 

provided a program storage device readable by machine, tangibly embodying a program 

of instructions executable by the machine to perform a tracking method, comprising: 

providing a reference image of an object being tracked for output to an operator; 

receiving a real time image; seeking the tracked object in the real time image, at least 

partly based on the reference image; and issuing an instruction based on a result of the 

seeking for acquiring a subsequent real time image. 

[0049] In another aspect, in accordance with the disclosed subject matter there is 

provided a computer program product comprising a computer useable medium having 

computer readable program code embodied therein for tracking, the computer program 

product comprising: computer readable program code for causing the computer to 

provide a reference image of an object being tracked for output to an operator; computer 

readable program code for causing the computer to receive a real time image; computer 

readable program code for causing the computer to seek the tracked object in the real 

time image, at least partly based on the reference image; and computer readable program 

code for causing the computer to issue an instruction based on a result of the seeking for 

acquiring a subsequent real time image. 
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[0050] In another aspect, in accordance with the disclosed subject matter there is 

provided a program storage device readable by machine, tangibly embodying a program 

of instructions executable by the machine to pelform a method of interfacing with an 

operator regarding object tracking, comprising: outputting a reference image of an object 

being tracked to an operator. 

[0051] In another aspect, in accordance with the disclosed subject matter there is 

provided a computer program product comprising a computer useable medium having 

computer readable program code embodied therein for interfacing with an operator 

regarding object tracking, the computer program product comprising: computer readable 

program code for causing the computer to output a reference image of an object being 

tracked to an operator. 

[0052] In another aspect, in accordance with the disclosed subject matter there is 

provided a program storage device readable by machine, tangibly embodying a program 

of instructions executable by the machine to perform a method of acquiring a real time 

image for use in object tracking, comprising: receiving an instruction which was issued 

by a tracker based on a result of the tracker seeking an object being tracked within a real 

time image, wherein the seeking considered at least an input of an operator with access to 

an outputted reference image; and acquiring a subsequent real time image at least partly 

based on the received instruction. 

[0053J In another aspect, in accordance with the disclosed subject matter there is 

provided a computer program product comprising a computer useable medium having 

computer readable program code embodied therein for acquiring a real time image for 

use in object tracking, the computer program product comprising: computer readable 

program code for causing the computer to receive an instruction which was issued by a 

tracker based on a result of the tracker seeking an object being tracked within a real time 

image, wherein the seeking considered at least an input of an operator with access to an 

outputted reference image; and computer readable program code for causing the 

computer to acquire a subsequent real time image at least pat1ly based on the received 

instruction. 
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[0054] In another aspect, in accordance with the disclosed subject matter there is 

provided a program storage device readable by machine, tangibly embodying a program 

of instructions executable by the machine to perform a method of interfacing with an 

operator regarding object tracking, comprising: receiving an input from an operator with 

access to an outputted reference image; and providing the input to a tracker for use in 

tracking the object. 

[0055] In another aspect, in accordance with the disclosed subject matter there is 

provided a computer program product comprising a computer useable medium having 

computer readable program code embodied therein for interfacing with an operator 

regarding object tracking, the computer program product comprising: computer readable 

program code for causing the computer to receive an input from an operator with access 

to an outputted reference image; and computer readable program code for causing the 

computer to provide the input to a tracker for use in tracking the object. 

[0056] In another aspect, in accordance with the disclosed suhject matter there is 

provided a computer program comprising computer program code means for performing 

all the steps of any of the disclosed methods when the program is run on a computer. In 

accordance with the disclosed subject matter there is provided a computer program 

comprising computer program code means for performing all the steps of any of the 

disclosed methods when the program is run on a computer, the computer program 

embodied on a computer readable medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] In order to understand the subject matter and to see how it may be carried 

out in practice, examples will be described, with reference to the accompanying 

drawings, in which: 

[0058] Fig. 1 is a block diagram illustrating an example of a system for object 

tracking, in accordance with the presently disclosed subject matter; 

[0059] Fig. 2 is a flowchart illustrating an example of a tracking method, in 

accordance with the presently disclosed subject matter; 
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[0060] Fig. 3 is a t10wchart illustrating an example of a method of interfacing 

with an operator regarding object tracking, in accordance with the presently disclosed 

suhject matter; 

[0061] Fig. 4 is another t10wchart illustrating an example of a method of 

interfacing with an operator regarding object tracking, in accordance with the presently 

disclosed subject matter; and 

[0062] Fig. 5 is a flowchart illustrating an example of a method of acquiring a real 

time image for use in object tracking, in accordance with the presently disclosed subject 

matter; and 

[0063] Fig, 6 is an illustration of a reference image displayed as a picture in a 

larger picture of a real time image, in accordance with the presently disclosed subject 

matter. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0064] Described herein are some examples of systems, methods, program storage 

devices, and computer program products for tracking an object, where a reference image 

of the tracked object is outputted to an operator. 

[0065] In the following detailed description, numerous specific details are set 

forth in order to provide a thorough understanding of the subject matter. However, it will 

be understood by those skilled in the art that some examples of the subject matter may be 

practiced without these specific details. In other instances, well-known stages, methods, 

modules, and systems have not been described in detail so as not to obscure the 

description. 

L0066J As used herein, the phrase "for example," "such as", "for instance" and 

variants thereof describe non-limiting examples of the subject matter. 

[0067] Reference in the specification to "one example", "some examples", 

"another example", "other examples, "one instance", "some instances", "another 

instance", "other instances", "one case", "some cases", "another case", "other cases" or 

variants thereof means that a particular described feature, structure or characteristic is 

included in at least one example of the subject matter, but the appearance of the same 
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term does not necessarily refer to the same example. 

[0068] It should be appreciated that certain features, structures and/or 

characteIistics disclosed herein, which are, for claIity, descrihed in the context of separate 

examples, may also be provided in combination in a single example. Conversely, various 

features, structures and/or characteristics disclosed herein, which are, for brevity, 

descrihed in the context of a single example, may also be provided separately or in any 

suitable sub-combination. 

[0069] Unless specifically stated otherwise, as apparent from the following 

discussions, it is appreciated that throughout the specification discussions utilizing terms 

such as "providing", "perceiving", "receiving", seeking", "attempting", "detecting", 

"issuing", "acquiring", "capturing", determining", "considering", discerning, "deciding", 

"executing", "performing", "starting", "ending", "outputting", "taking", specifying", 

"indicating", "inputting", "changing", "keeping", "relying", "pointing", "tracking", 

"integrating", "arranging", or the like, refer to the action(s) and/or process(es) of any 

combination of software, hardware and/or firmware. For example, these terms may refer 

in some cases to the action(s) and/or process(es) of a programmable machine, that 

manipulates and/or transforms data represented as physical, such as electronic quantities, 

within the programmable machine's registers and/or memories into other data similarly 

represented as physical quantities within the programmable machine's memories, 

registers and/or other such information storage, transmission and/or display element(s). 

[0070] Fig 1 is a block diagram illustrating an example of a system 100 for object 

tracking, in accordance with the presently disclosed subject matter. 

[0071] In the illustrated example, object tracking system 100 includes: one or 

more tracker modules 140 configured to track an object; one or more image source 

modules 120 configured to acquire images which preferably include the tracked object; 

one or more input interface modules 160 configured to receive input from an operator 

regarding the tracking; and one or more output interface modules 180 configured to 

provide output to the operator regarding the tracking. 

[0072] It should be understood that the term "object" as used herein with respect 

to tracking does not necessarily refer to a single standalone entity. Depending on the 
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example, the object that is being tracked may include any appropriate one or more 

standalone entities or partes) thereof. Por example, the tracked object may include: part 

of a single standalone entity (e.g. a wing of an aircraft, wheel of a land-based vehicle, 

both wings of an aircraft, four wheels on a land-based vehicle, the hull of a watercraft, 

etc), a single standalone entity (e.g. an aircraft, a land-based vehicle, a watercraft, etc), 

parts of more than one standalone entity (e.g. wings of two aircrafts flying side by side, 

back of one land-based vehicle and front of next land-based vehicle, sails on two 

watercrafls, de), a plurality of standalone entities (e.g. two aircrafls, three land-based 

vehicles, four watercrafts, etc), etc. 

[0073] Depending on the instance, the various modules shown in Fig 1 may be 

located in the same location, or may be located in different locations. For instance, in 

some cases, all of the modules may be located onlin a moving vehiclelcraft (e.g. on land, 

in the air, or inion water). In another instance, image source module(s) 120 and all or 

part of tracker module(s) 140 may be located onlin a moving vehiclelcraft; but input 

interface module(s) 160, output interface module(s) 180 and all or part of tracker 

module(s) 140 may be stationary. 

[0074] In various instances, transferring between the various modules in Fig 1 

may be via any suitable channel(s) which provides direct or indirect connectivity. 

Examples of possible channel(s) include: internal bus, external bus, cellular network, 

personal area network, local area network, wide area network, internetwork, Internet, any 

wired network, any wireless network, any combination of the above, etc. In order to 

facilitate reader understanding, a separate arrow is drawn in Fig 1 to represent 

transferring between different modules and/or to represent transferring in a different 

direction. It should be understood however that the arrows do not necessarily reflect all 

possible implementations and therefore the illustration and the description of the arrows 

herein should not be construed so as to impose limitations on attribute(s) of possible 

channe1(s) which may be used for direct or indirect transferring. 

[0075] In the illustrated example, image source module(s) 120 is configured to 

acquire real time image(s) based on instruction(s) from tracker module(s) 140 (arrow 

104). In some instances, image source module(s) 120 may include image sensor 
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module(s) configured to acquire the real time images, and pointer control module(s) 

configured, based on the instructions from tracker module(s) 140, to control the direction 

in which image sensor module(s) points when acquiring the images. For example, 

pointer control module(s) may in some cases include one or more gimbals. If tracking has 

not ended, an instruction from tracker module(s) 140 may in some instances include at 

least the difference between the estimated or known center of the tracked object with 

respect to the center of the preceding real time image (e.g. gimbal error). In some of these 

instances, if the difference is not zero, then based on the difference, image source 

moduJe(s) 120 may adjust the pointing direction in order to attempt to place the center of 

the tracked object in the center of the field of view of image source module(s) 120. 

Alternatively, in some instances, an instruction from tracker modules(s) 140 may not 

include such a difference, as will be explained further below. 

[0076] In various instances, image source module(s) 120 (or in some of these 

instances, more specifically image sensor module(s» may be configured to acquire real 

time images using any appropriate technology, for instance based on light of the visible 

spectrum and/or based on other portiones) of the electromagnetic spectrum (e.g. Infra­

red), etc. The rate of image acquisition is not limited by the disclosure. In one instance 

images may be acquired at a rate of 25 images per second but in other instances the rate 

may be higher or lower. 

[00771 In some instances, image source module(s) 120 may be contlgured to 

provide real time images to tracker module(s) 140 (arrow 106). In other instances image 

source moduJe(s) 120 may be configured to provide real time images to tracker modu1e(s) 

140 (arrow 106) and to provide real time images to output interface module(s) 180 

(optional arrow 108). In some cases, image source modu1e(s) 120 may be configured to 

provide other information besides real time images (e.g. zoom value, change in zoom 

value, etc.) to tracker module(s) 140 and/or to output interface module(s) 180 (arrow 106 

and/or 108). 

[0078] In the illustrated example, tracker module(s) 140 is configured to track an 

objcct. Depending on the instance, tracker modulc(s) 140 may be configured to perform 

one or more of the following in order to track an object: seeking the tracked object within 
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real time image(s), determining reference image(s), issuing instruction(s) regarding the 

image acquisition to image source module(s) 120, starting tracking, ending tracking, 

changing tracking mode, etc. 

[0079] Depending on the instance, the seeking of the tracked object within a real 

time image may be at least partly based on (i.e. take into account, consider, rely on) a 

reference image of the tracked o~ject and/or on input(s) received from input interface 

module(s) 160 (arrow 102). 

[0080] In some instances, tracker module(s) 140 may be configured to seek the 

tracked object within a real time image by performing at least the following: attempting 

to detect a reference image of the object that is being tracked within a real time image 

received from image source modu1e(s) 120. Correlation is an example of a machine-based 

technique for attempting to detect the reference image within the real time image, where 

a reference image of the tracked object is correlated with a real time image. Continuing 

with the example, the correlation may in some cases be pixel based and two dimensional 

as is known in the art. In other examples, tracker module(s) 140 may use, in addition to or 

instead of correlation, other machine-based technique(s) for detecting the reference image 

within the real time image, mutatis mutandis. 

[0081] Additionally or alternatively, in some instances, tracker module(s) 140 

may be configured to seek the tracked object within a realtime image based at least 

partly on input(s) received from input interface module(s) 160. For example, if an input 

indicates a characteristic of the tracked object (e.g. location, measurement, color, etc), the 

input may assist tracker module(s) 140 when seeking the tracked object within the real 

time image. In some cases, one or more of the received input(s) are from an operator with 

access to an outputted reference image (as discussed further below). 

[0082] The disclosure does not impose limitations on what seeking result(s) 

include. In various instances, seeking result(s) may include one or more of the following: 

numerical result(s), the estimated center of the tracked object in the real time image(s), 

conclusion(s) relating to tracking failure, etc. 

[0083] For instance, the result(s) of seeking may in some cases include 

conclusion(s) that the tracking is likely to be failing (herein below "object loss") or has 
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failed. In some of these cases, if the seeking indicates poor tracking quality (i.e. low 

tracking quality), but the poor tracking quality has not been persistent over a 

predetermined number of real time images, then tracker module(s) 140 may he 

configured to conclude that there has been an "object loss". However, if tracking quality 

has been low persistently for a predetermined number of real time images, then tracker 

module(s) 140 may be configured to conclude that tracking has failed. For example in 

cases where a reference image is correlated with a real time image, poor tracking quality 

may be consistent with low correlation number(s). 

[0084] In some cases, the result(s) of seeking may reflect the result(s) of 

attempting to detect the reference image in the real time image (e.g. reflects correlation 

result(s», whereas in other cases the result(s) of seeking may additionally or alternatively 

be affected by received input(s). For instance, in some cases where correlation of the 

reference image with the real time image is performed, tracker module(s) 140 may 

estimate the center of the tracked object in the real time image to be at the point in the 

real time image with the highest correlation number, whereas in other cases tracker 

module(s) 140 may rely on received input(s) in addition to or instead of the detection 

result(s) (e.g. correlation result(s» when estimating the center. 

[0085] In some instances, tracker module(s) 140 may be configured to use the 

result(s) of seeking the tracked object within the real time image (or in some of these 

instances, more specifically the result(s) of attempting to detect a reference image in a 

real time image) when making a decision on reference image updating, when determining 

whether or not to end tracking, when determining whether or not to change tracking 

mode, and/or when issuing instructions, etc. 

[0086] In some instances, tracker module(s) 140 may be configured to determine 

a reference image of the object being tracked (which may be the initial reference image. 

an updated reference image, or a replacement reference image) based on real time 

image(s) and/or other information received from image source module(s) 120 (arrow 106) 

and/or based on input(s) received from input interface module(s) 160 (arrow 102). In 

some of these instances, tracker module(s) 140 may be operable to update the reference 

image when deemed necessary due to result(s) of attempting to detect the reference image 
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within real time image(s) (e.g. correlation result(s), other information received from 

image source module(s) 120 and/or input(s) received from input interface module(s) 160. 

Any appropriate reason may cause the reference image to not sufficiently accurately 

reflect the targeted object and/or to not be sufficiently similar to the real time image (e.g. 

a quick zoom in or zoom out event by image source module(s) 120, inclusion of 

interfering background elements in the reference image, etc). When deemed necessary, 

the reference image may be updated using any appropriate procedure. For example the 

updated reference image may in some cases be based on the averaging of the last n (n2":1) 

real time images. Additionally or alternatively, in some of these instances tracker 

module(s) 140 may be operable to replace the reference image under memory mode as 

will be described in more detail below. Additionally or alternatively, in some of these 

instances, tracker module(s) 140 may be operable to determine a new (initial) reference 

image which does not take into account historical reference images and/or historical real 

time images, each time tracking is started. See below description of stage 208 for some 

examples of determining an initial reference image. 

[0087] In some instances, tracker module(s) 140 may be configured to issue 

instruction(s) regarding the real time image acquisition to image source module(s) 120 

(arrow 104) based on seeking result(s). For example, if a seeking result indicates that the 

estimated center of the tracked object is or is not in the center of the real time image (e.g. 

the center of the reference image which is detected in the real time image is or is not in 

the center of the real time image, an input allows tracker module(s) 140 to determine that 

the tracked object is or is not centered, etc.), the instruction(s) may attempt to cause 

image source module(s) 120 to maintain or change the direction of pointing in order that 

the tracked object will be centered in the field of view and consequently in a subsequent 

real time image. In some cases of this example, the instruction may include an indication 

of the difference (zero or non-zero) between the estimated center of the tracked object 

and the center of the real time image (e.g. gimbal error), and therefore tracker module(s) 

140 may be configured to determine this difference when issuing instruction(s) based on 

seeking result(s). In some cases of this example, the tracker module(s) 140 may estimate 

the center of the tracked object based on the point in the real time image where the center 

of the reference image is detected and/or based on input. For instance, assuming tracker 
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module(s) 140 performs correlation and the reference image is centered in the center of 

the real time image, the highest correlation number should be in the center of the real 

time image. 

[0088] In another example of instruction(s) based on seeking result(s), if a 

seeking result includes the conclusion(s) that tracking is likely to be failing ("object 

loss") and the tracking mode is memory mode, then in some cases, the instruction(s) may 

include indication(s) based on that seeking result which is/are appropriate to memory 

mode. In some of these cases, the instruction(s) may include a gimbal error of zero so that 

image source module(s) 120 maintains the direction of pointing andlor other indication(s) 

to retain status quo parameters (e.g. speed). 

[0089] Additionally or alternatively, in some instances when tracking has ended, 

tracker module(s) 140 may be configured to cease issuing instruction(s) or may be 

configured to issue arbitrary instruction(s) (arrow 104). In some of these cases the 

issuing of instruction(s) even though arbitrary, rather than ceasing the issuing of 

instructions, may better maintain the stability of image source module(s) 120. 

ro0901 Additionally or alternatively, in some instances, at the start(s) of tracking 

tracker module(s) 140 may be configured to issue instruction(s) regarding the image 

acquisition to image source module(s) 120 (arrow 104) based on input(s) received from 

input interface module(s) 160 (arrow 102) or based on the automatic discerning of the 

object to be tracked. In some of these instances the instruction(s) may attempt to cause 

image source module(s) 120 to center (or maintain the center ot) the tracked object in the 

field of view and consequently in a subsequent real time image. In some cases of these 

instances, an instruction may include an indication of the difference (zero or non-zero) 

between the center of the object which was indicated for tracking by the operator (via 

input interface module(s) 160) or automatically discerned, and the center of the real time 

image (e.g. gimbal error) , and therefore tracker module(s) 140 may be configured to 

determine this difference when issuing instruction(s) at the start of tracking. Depending 

on the instance, at the start of tracking, the center of the object in the real time image 

may bc approximately indicatcd by thc operator and hencc "known" to tracker modulc(s) 

140 (notwithstanding that the "known" center may not actually be the center), or the 
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center may be estimated by tracker module(s) 140. Therefore in the description herein 

when referring to the center of the object at the start of tracking, it should be understood 

that the term "center" may refer to a known or estimated center. 

[0091] In some instances, tracker module(s) 140 may be configured to start or end 

tracking. Depending on the instance, the decision by tracker module(s) 140 to start/end 

tracking may not be based, may be partly based, or may be completely based on input(s) 

received from input interface module(s) 160 (arrow 102). For instance, tracker module(s) 

140 may receive an indication of the object to be tracked from input interface module(s) 

160 which in this instance is assumed to also function as an indication to start tracking. 

In another instance, tracker module(s) 140 may start tracking after automatic discerning 

of an object to be tracked in a real time image. In some cases of this instance, tracker 

module(s) 140 may be configured to start tracking upon automatic discerning of certain 

type(s) of object, e.g. a missile. In another instance, additionally or alternatively tracker 

module(s) may receive a straightforward cnd command (e.g. end tracking for any reason) 

from input interface module(s) 160. Additionally or alternatively, depending on the 

instance, the decision to start/end may not be based, may be partly based, or may be 

completely based on seeking results. For instance, tracker module(s) 140 may end 

tracking when seeking results include the conclusion that tracking has failed. 

[0092] In some cases when ending a tracking, tracker module(s) 140 may be 

cont1gured to stop seeking the tracked object in the real time image and/or to stop 

updating the reference image. 

[0093] In some cases, in order to add to the stability of image source module(s) 

120 when ending a tracking, tracker module(s) 140 may be cont1gured to issue arbitrary 

instruction(s) until the next tracking (arrow 104). In other cases, when ending a tracking, 

tracker module(s) 140 may be configured to cease issuing instruction(s). 

[0094] In some instances, tracker module(s) 140 may be configured to change the 

tracking mode. In some cases of these instances, if the tracking is likely to be failing 

("object loss"), tracker module(s) 140 may change, or maintain, the tracking mode to 

memory mode, replacing the current reference image, for example with a reference 

image based on the last real time image. In some of these cases memory mode may 



20 

continue until tracking quality sufficiently improves or tracking has failed. In other 

instances, tracker modu1e(s) 140 is not so configured, and there is no memory mode even 

when tracking is likely to he failing. 

[0095] Based on the above, in various instances, tracker module(s) 140 mayor 

may not receive input(s) from input interface modu1e(s) 160. In instances where tracker 

module(s) 140 receives input(s) from input interface module(s) 160, then in some of these 

instances tracker module(s) 140 may be configured to determine whether to use or 

discard/ignore received input(s) whereas in other instances tracker module(s) 140 may 

not be configured to ignore/discard received input(s) and may be configured to use any 

received input(s). In cases where tracker module(s) 140 uses received input(s), then in 

various instances of these cases the input(s) may be used in various ways for object 

tracking by tracker module(s) 140. Depending on the instance, the input(s) may be used 

in determining a reference image, in seeking the tracked object in the real time image, in 

starting tracking, in ending tracking, and/or in changing tracking mode, etc. Depending 

on the instance, the targeted usage(s) of a particular input may be specified or tracking 

modu1e(s) 140 may determine how the input should be used. 

[0096] In some instances, tracker module(s) 140 may be configured to integrate 

the reference image with the real time image (e.g. picture in a picture) and provide the 

integrated image to output interface module(s) 180 (arrow 110). Picture in a picture is 

well known in the art. In other instances, tracker module(s) 140 may be configured to 

provide to output interface modu1e(s) 180 (arrow 110) only reference images, or may be 

configured to provide to output interface module(s) 180 (arrow 110) separated reference 

images and real time images. If real time images are provided within integrated images or 

separately by tracker modu1e(s) 140, then, depending on the instance, the provided real 

time images may be identical to those received from image source module(s) 120 or may 

have been processed by tracker module(s) 140 (and in the latter instance tracker 

module(s) may be configured to perform such processing). Besides images, in some cases 

tracker module(s) 140 may be configured to provide other information to output interface 

module(s) 180 (arrow 110), such as one or more of the following: indication(s) of seeking 

result(s) (e.g. the estimated center of the tracked object on a real time image, correlation 

numbers(s), a correlation matrix, object loss etc.), end indication(s), start indication(s), 



21 

information (e.g. zoom value, change in zoom value, etc) received from image source 

module(s) 120, other comments and/or support information, etc. In some of these cases, 

tracker module(s) 140 may be configured to integrate some or all of this other 

information with the real time image and/or reference image and provide the integrated 

image to output interface modu1e(s) 180 (arrow 110), Additionally or alternatively in 

other of these cases, tracker module(s) 140 may be configured to provide some or all of 

this information to output interface module(s) 180 (arrow 110) separately from images. 

[0097] In some instances after ending a tracking, tracker module(s) 140 may be 

configured to continue to provide the same (most recent) reference image to output 

interface module(s) 180 but in other instances tracker module(s) 140 may be configured 

to cease the provision of a reference image. Additionally or alternatively, assuming 

instances where tracker module(s) 140 is configured to provide real time images 

(separately or integrated), in some of these instances tracker module(s) 140 may be 

configured after ending a tracking to continue to provide real time images to output 

interface module(s) 180 e.g. so that an operator can use the real time images to start a 

new tracking. 

[0098] In the illustrated example, output interface module(s) 180 is configured to 

provide output to the operator regarding the tracking, including reference image(s), via 

any appropriate output interface modu1e(s) such as display (e.g. touch screen, non-touch 

screen, etc.) and/or speaker, etc. In some instances, real time images may also be 

outputted to the operator via the same or different output interface modu1e(s). Por 

instance, in some cases, output interface module(s) may be configured to receive 

reference images (e.g. from tracker module(s)- arrow 110) and real time images (e.g. 

from tracker module(s)-arrow 110 and/or from image source module(s)- arrow 108) 

separately, may be configured to integrate the reference image with the real time image, 

e.g. as a picture within a picture (and possibly perform other processing), and may be 

configured to output the integrated image, on the same output interface module(s). In 

other cases, for instance, output interface module(s) 180 may be configured to receive 

reference images (e.g. from tracker module(s)- arrow 110) and real time images (e.g. 

from tracker module(s)- arrow 110 and/or from image source module(s)- arrow 108) 

separately, and to output the reference and real time images (as received or after 
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processing) separately, on different output interface module(s). In other cases, for 

instance, output interface module(s) 180 may be configured to receive an already 

integrated reference image and real time image (e.g. from tracker module(s) 140-arrow 

110), such as a picture in a picture, and to output the integrated image (as received or 

after processing) on the same output interface module(s). Assuming instances which use 

the same output interface module(s) for displaying an integrated image, in some of these 

instances the reference image and real time image may be arranged in the integrated 

image in an arrangement which facilitates analysis, overseeing, training, and/or inputting, 

etc. by an operator. 

[0099] In some instances, in addition to images, output interface module(s) 180 

may be configured to receive other information from tracker module(s) 140 (arrow 110) 

and/or from image source module(s) 120 (arrow 108) and to provide some or all of the 

received information to the operator. For example, received information may include one 

or more of the following: indication(s) of seeking result(s) (e.g. the estimated ccnter of 

the tracked object in a real time image, correlation number(s), correlation matrix, object 

loss, etc.), end indication(s), start indication(s), information determined by image source 

module(s) 120 (e.g. zoom value, change in zoom value, etc), other comments and/or 

support information, etc. In various cases of these instances, some or all of the received 

information may be outputted on the same or different output interface module(s) as the 

reference images (and/or as the real time images, if outputted). For instance, in some 

cases, output interface module(s) may be configured to receive the other information 

separately from the images, may be configured to integrate some or all of the received 

information with a real time and/or reference image, e.g. as a picture within a picture (and 

possibly perform other processing), and may be configured to output the integrated 

image, on the same output interface module(s). In other cases, additionally or 

alternatively, output interface module(s) 180 may be configured to receive the other 

information separately from any images, and to output some or all of the received 

information separately from any images, on different output interface module(s). In other 

cases, additionally or alternatively, output interface module(s) 180 may be configured to 

receive the other information already integrated with a reference image and/or real time 

image such as a picture in a picture, and to output the integrated image (as received or 
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after processing) on the same output interface module(s). Assuming instances which use 

the same output interface module(s) for displaying an integrated image which includes 

some or all of the received information, in some of these instances the displayed 

information and the real time and/or reference image may be arranged in the integrated 

image in an arrangement which facilitates analysis, overseeing, development, training, 

and/or inputting, etc. by an operator. 

[00100] Depending on the instance, output interface module(s) 180 mayor may not 

include processing capabilities relating to the reference images, real time images, and/or 

other received information. In instances where output interface module(s) 180 includes 

processing capabilities related to any of the above, any appropriate processing may take 

place, (e.g. integrating reference images with real time images, integrating other received 

information with real time and/or reference images, increasing/decreasing contrast, 

filtering, any other image related processing, any other processing, etc.) 

[00101] In the illustrated example, input interface module(s) 160 is configured to 

receive input(s) from an operator regarding the tracking and to provide the input(s) to 

tracker module(s) 140 (arrow 102) for use in object tracking. 

[001 02] Assuming instances where input by the operator is allowed, then, 

depending on the instance, the types of input which input interface module(s) 160 may be 

configured to receive, may vary. In some instances, the only input(s) which input 

interface module(s) 160 may be configured to receive includes indication to start tracking 

(e.g. by overlaying a symbol or enclosing within a predetermined shape in order to 

specify object to be tracked, etc) and/or indication to end tracking. In various other 

instances input(s) received from the operator may include input(s) which could be used 

by tracker module(s) 140 in determining a reference image, in seeking the tracked object 

in a real time image, in starting tracking, in ending tracking, and/or in changing tracking 

mode etc. For instance, the input(s) may include any of the following: start tracking 

indication, end tracking indication, one or more dimensions of the object being tracked, 

location information relating to object being tracked, color information relating to object 

being tracked, specification that center of reference image should be changed to a 

different point (e.g. center of reference image should be moved to center of boat from 
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side of boat), specification of center of object, specification that tracking following zoom 

in/zoom out appears successful/unsuccessful, specification that object being tracked 

should be changed (e.g. plane #1 rather than plane #2 should be tracked) specification 

that smallerllarger object should be tracked (e.g. part of truck rather than whole truck 

should be tracked or vice versa; e.g. three trucks rather than two trucks should be tracked 

or vice versa), specification that the tracked object does not appear to be centered in the 

real time image, specification that the reference image does not sufficiently accurately 

reflect the tracked object (and/or is not sufficiently similar to the real time image) and 

therefore should be updated, specification of desired polarity (e.g. if targeted object is 

"hot" the o~ject should be displayed in a bright color but if targeted object is "cold" the 

object should be displayed in a dark color), specification that reference image should be 

updated more frequently or less frequently, etc. 

[00103] In various instances, input interface module(s) 160 may include any 

appropriate input interface(s) (e.g. joystick, keypad, keyboard, mouse, touch-screen 

display, microphone etc.) 

[00104] It is noted that one characteristic which allows system 100 to function as 

an advantageous object tracking system is the outputting of the reference image to the 

operator. The outputting of reference image(s) to the operator instead of or in addition to 

real time image(s) is an improvement compared to the outputting of just real time images, 

for any of the following reasons. First, the real time image which is acquired and 

displayed to the operator typically (although not necessarily) changes from frame to 

frame, as it is assumed that the tracked object is typically (although not necessarily) 

moving. Typically (although not necessarily), in contrast, the outputted reference image 

remains constant for a longer period of time. Therefore, in some cases where there is a 

slower rate of updating in reference image compared to the updating in real time image, 

the human operator may have more time to analyze the reference image before the 

reference image is updated and hence may analyze the reference image more accurately 

than if analysis were instead performed on the real time image. The analysis may in some 

instances include taking measurements, etc. Second, the reference image may be used in 

some cases by tracker modu1e(s) 140 when seeking the tracked object in the real time 

image. Therefore, if the operator has access to the reference image, the operator does not 
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have to necessarily "trust" the tracking performed by tracker module(s) 140 and may in 

some cases oversee the tracking in a more effective manner than if tracker module(s) 140 

had more data (i.e. the reference image) than the operator. Third, the analysis of the 

outputted reference image(s) (possibly vis-a-vis real time image(s) andlor other 

information) may be performed in some instances offline, with the analysis resu1t(s) used 

for example to train operator(s), and/or to further develop the working of tracker 

module(s) 140. Fourth, operator access to the outputted reference image(s) may in some 

cases allow the operator to provide, or assist the operator in providing, appropriate input 

in reaction via input interface module(s) 160 to tracker module(s) 140. For instance, if 

the operator notices that the tracking is about to be lost, the operator may choose to 

provide input to cause tracking to end and/or to start again. In another instance, 

additionally or alternatively, if the reference image does not sufficiently accurately reflect 

the tracked object (and/or is not sufficiently similar to the real time image), the operator 

may choose to specify that the reference image should be updated and/or to provide input 

which would enable tracker module(s) 140 to update (improve) the reference image. In 

another instance, additionally or alternatively, if the reference image lacks data which 

may assist in the tracking, the operator may choose to provide such input which can be 

uscd by tracker modulc(s) 140 instcad of, or in addition to, the referencc image when 

seeking the tracked object in the real time image. It is noted that in some cases, analysis, 

overseeing, development, training, and/or input, etc. by the operator may be based 

additionally or alternatively on outputted real time image(s) and/or other outputted 

information, and that the current subject matter does not preclude the operator from 

additionally or alternatively benefiting from the display of real time image(s) and/or other 

information. 

[00105] Any of the modules in Fig. 1 may be made up of any combination of 

software, hardware and/or firmware that performs the functions as described and 

explained herein. In some cases, system 100 or a part thereof may comprise a machine 

specially constructed for the desired purposes, and/or may comprise a programmable 

machine selectively activated or reconfigured by specially constructed program code. In 

some cases, system 100 includes at least some hardware. 
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[00106] Alternatively to the example shown in Fig. 1, system 100 may in some 

examples include fewer, more and/or different modules than shown in Fig. 1. 

Alternatively to the example shown in Fig 1, the functionality of system 100 may in 

some examples be divided differently among the modules illustrated in Fig. 1. For 

instance, although for simplicity of description input interface module(s) 160 is shown 

separate from output/interface module(s) 180 in Fig. 1, in some cases one or more input 

interface modu1e(s) 160 may be combined with one or more output interface modules 

180, e.g. in a touch screen display. Alternatively to the example shown in Fig 1, system 

100 may in some examples include additional, less, and/or different functionality. 

[00107] Below the terms input interface 160, output interface 180, tracker 140 and 

image source 120 are used to connote one or more input interface module(s) 160, one or 

more output interface module(s) 180, one or more tracker module(s) 140, and one or 

more image source module(s) 120, respectively. 

[00108] Fig. 2 is a flowchart illustrating an example of a tracking method 200, in 

accordance with the presently disclosed subject matter. In the illustrated example, it is 

assumed that method 200 is performed by tracker 140. 

[00109] In the illustrated example in stage 204, tracker 140 perceives a trigger to 

start tracking an object. 

[00110] In some instances, the trigger may include the receipt of an indication to 

start tracking an object from input interface 160. For instance, an operator may specify 

via input intcrface 160 an object displayed in a real timc image. In some cases, the 

operator may specify the object by overlaying crosshairs or another symbol on the center 

of the object, or the operator may enclose as much as possible of the object in a 

predetermined shape such as a rectangle. An indication of the object may then be 

transferred to tracker 140. This indication may also function as an indication to tracker 

140 to start tracking the object, or a separate indication to start tracking may also be 

inputted by the operator via input interface 160 and transferred to tracker 140. 

[00111] Additionally or alternatively, in other instances, the trigger may include 

automatic discerning of an object to be tracked in a real time image. 
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[00112] In the illustrated example, upon perceiving the trigger, tracker 140 

determines an initial reference image for the object to be tracked (stage 208) and provides 

instruction(s) so that image source 120 will acquire image(s) which should include the 

tracked object (stage 216). 

rOOll3] In the illustrated example, in stage 208, tracker 140 determines an initial 

reference image for tracking the object. For instance, the initial reference image may 

include the indicated object as displayed in the real time image. Continuing with this 

instance, if the operator had specified the object in the real time image using a 

predetermined shape, the reference image may in some cases comprise the pixels 

encompassed by the predetermined shape. Continuing with this instance, if the operator 

had instead specified the object by overlaying a symbol on the center of the object in the 

real time image, then in some cases tracker 140 may decide which pixels directly under 

and around the symbol should be part of the object (e.g. by forming a window around the 

symbol) and the reference image may in some of these cases comprise these pixels. In 

another instance, the initial reference image may include the detected object as displayed 

in the real time image. Continuing with this instance, the reference image may in some 

cases comprise the pixels which enabled detection of the object. 

[00114] In the illustrated example, in stage 212, tracker 140 transfers the reference 

image (determined in stage 208) to output interface 180. In some cases, the reference 

image may be displayed to the operator integrated with a real time image, for instance as 

a picture within a larger picture of a real time image. 

[00115] In the illustrated example in stage 216, tracker 140 transfers instruction(s) 

to image source 120 so that image source 120 will acquire a new (subsequent) image 

which should include the object that is being tracked. For instance, the initial 

instruction(s) may allow centering of the object in the new real time image. In some 

cases of this instance, the initial instruction(s) may include an indication of the difference 

(zero or not zero) between the center of the object being tracked and the center of the real 

time image via which the object was specified or automatically discerned (e.g. gimbal 

error). 
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[00116] In the illustrated example, in stage 220, tracker 140 receives a new real 

time image from image source 120. Optionally tracker 140 may additionally receive other 

information from image source 120 (e.g. zoom value, change in zoom value, etc). 

Although stage 220 is illustrated after stage 216 in Fig 2, in other examples, the times of 

receipt of real time images (in stage 220) is not controlled by tracker 140 and therefore 

may occur independently of the performance of stage 216. 

[00117] In the illustrated example, once tracker 140 has determined the initial 

reference image (stage 208) and received a new real time image (stage 216), tracker may 

attempt to detect the reference image in the new real time image (stage 224). 

[00118] In the illustrated example, in stage 224, tracker 140 attempts to detect the 

reference image in the real time image by correlating the reference image with the real 

time image. For instance, two dimensional correlation may include comparing each pixel 

in the reference image with each pixel in the real time image. 

[00119] In the illustrated example, in optional stage 228, tracker 140 may receive 

input(s) from input interface 160. In some examples, stage 228 may occur at any time 

(meaning that input(s) may be received at any time) and not necessarily at the point in the 

process shown in the example of Fig. 2. In some cases the inputting by the operator is 

made possible or facilitated by the operator having access to one or more outputted 

reference image(s), or to both outputted reference image(s) and real time image(s) 

and/or other information. In other cases, the operator may have been just as easily 

arrived at the input from viewing real time image(s) alone. Depending on the instance, 

tracker 140 mayor may not have the discretion whether to use or ignore/discard certain 

input. In instances where tracker 140 may discard/ignore certain input, the following 

stages refers to input that has not been discarded/ignored. 

[00120] If input(s) had becn received in stage 228 (yes to stage 228) then in the 

illustrated example it is determined in stage 230 whether or not the input(s) included an 

end tracking indication. If the input(s) included an end tracking indication (yes to stage 

230), then in the illustrated example, tracker 140 ends tracking in stage 232, stopping 

seeking the tracked object in the real time image and stopping updating the reference 

image. In some instances when tracking ends, tracker 140 continues to transfer (arbitrary) 
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instructions to image source 120, but in other instances tracker 140 ceases transfer of 

instructions. Additionally or alternatively, in some instances when tracking ends, tracker 

140 continues to transfer the same (most recent) reference image to output interface 180 

but in other instances the transfer ends. Additionally or alternatively, in some instances 

when tracking ends real time images or processed versions thereof continue to be 

transferred to output interface 180 (by tracker 140 and/or by image source 120), e.g. so 

that an operator can use the real time images to start a new tracking. In the illustrated 

example, after stage 232 method 200 iterates back to stage 204 with tracker 140 on 

standby, waiting until perceiving of a new trigger to start tracking. 

[00121] If the input did not include an end tracking indication (no to stage 230), or 

if no input was received (no to stage 228) then in the illustrated example, method 200 

continues to stage 234 and/or stage 240. 

[00122] In the illustrated example, in stage 234 tracker 140 determines whether or 

not the reference image should be updated, for instance based on result(s) of attempting 

to detect the reference image within real time image(s), other information received from 

image source 120, and/or received input(s). Typically although not necessarily, in most 

iterations of stage 234 it is not deemed necessary to update the reference image, meaning 

that the rate of updating the reference image by tracker 140 when tracking a specific 

object is typically although not necessarily slower than the rate of acquiring the real time 

images by image source 120 when tracking the specific object. 

[00123] If the reference image should be updated (yes to stage 234) then in the 

illustrated examples in stage 236, tracker 140 updates the reference image, for instance 

based on the received real time image, other information received from image source 120 

and/or received input(s). 

[00124] In the illustrated example, if the reference image should not be updated (no 

to stage 234), then stage 236 is omitted. 

[00125] In some cases, only input(s) received in the current iteration of stage 228 

are considered when performing stage 234 and/or 236, whereas in other cases, input(s) 

received in any iteration of stage 228 for the current tracking may be considered when 

performing stage 234 and/or 236. 
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[00126] In the illustrated example in a reiteration of stage 212, tracker 140 

transfers the reference image (which mayor may not have been updated) to output 

interface 180. In some cases, tracker 140 also transfers the real time image (as received 

in stage 220 or after additional processing) to output interface 180. In these cases, the 

reference image and real time image may be transferred separately, or may be transferred 

in an integrated format, for instance the reference image as a picture in the larger picture 

of the real time image. Additionally or alternatively, in some cases tracker 140 also 

transfers other information received in stage 220 from image source module(s) 120 (e.g. 

zoom value, change in zoom value, etc) to output interface 180. 

[00127] In the illustrated example, in stage 240, it is determined whether or not 

there is received input(s) that should also be taken into account in seeking the tracked 

object in the real time image. If no (no to stage 240), then in the illustrated example, it is 

assumed that the performance of stage 224 (attempt to detect the reference image in the 

real time image) fulfills the seeking and no additional activity is required. Stage 242 may 

therefore be omitted. If it is instead determined that there is received input(s) that should 

also be taken into account (yes to stage 240), then in the illustrated example in stage 242 

received input(s) are taken into account in seeking the tracked object in the real time 

image. Depending on the instance, stage 242 may be performed, before, after or at the 

same time as detecting stage 224. In instances where stage 242 is performed before stage 

224, the outcome of stage 242 may in some of these instances affect the performance of 

stage 224. 

[00128] In some cases, only input(s) received in the current iteration of stage 228 

are considered when performing stage 240 and/or 242, whereas in other cases, input(s) 

received in any iteration of stage 228 for the current tracking may be considered when 

performing stage 240 andlor 242. 

[00129] In the illustrated example, in stage 250, tracker 140 determines whether or 

not the seeking indicated that the tracking is of poor quality. 

[00130] In the illustrated example, if it is determined that the tracking is of poor 

quality (yes to stage 250) then in stage 254, tracker 140 determines whether or not the 

poor quality has persisted for a predetermined amount of time (e.g. over a predetermined 
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number of real time images). If the poor quality has persisted for a predetermined amount 

of time (yes to stage 254), then in the illustrated example tracker 140 ends tracking in 

stage 264, stopping seeking the tracked ohject in the real time image and stopping 

updating the reference image. In some instances when tracking ends, tracker 140 

continues to transfer (arbitrary) instructions to image source 120, but in other instances 

tracker 140 ceases transfer of instructions. Additionally or alternatively, in some 

instances when tracking ends, tracker 140 continues to transfer the same (most recent) 

reference image to output interface 180 but in other instances the transfer ends. 

Additionally or alternatively, in some instances when tracking ends real time images or 

processed versions thereof continue to be transferred to output interface 180 (by tracker 

140 and/or by image source 120), e.g. so that an operator can use the real time images to 

start a new tracking. In the illustrated example, after stage 264, method 200 iterates back 

to stage 204 with tracker 140 on standby, waiting until receipt of a new indication to start 

tracking. 

[00131] If instead the poor quality has not persisted for a predetermined amount of 

time (no to stage 254) then in the illustrated example tracker 140 concludes in stage 258 

that there has been an "object loss" or that there continues to be an object loss. In some 

cases, tracker 140 transfers an indication of poor quality (e.g. object loss) to output 

interface 180 for output to the operator. 

L 00132J In the illustrated example, if instead it is determined that the quality is 

sufficiently high (no to stage 250), or after stage 258, tracker 140 transfers instruction(s) 

to image source 120 in stage 260. For instance, the instruction(s) may be based on the 

result(s) of the seeking of the tracked object in the real time image. In some cases of this 

instance, the instruction(s) may include at least the ditIerence (zero or non-zero) of the 

estimated center of the tracked object with respect to the center of the real time image 

(e.g. gimbal error). 

[00133] In some instances, where the quality is sufficiently high (no to stage 250) 

or the low quality is not persistent (no to stage 254) tracker 140 may transfer indications 

of seeking result(s) (e.g. the estimated center of the tracked object in a real time image, 

correlation matrix, correlation number(s), etc.) to output interface 180. 
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[00134] In the illustrated example, after stage 260, method 200 iterates back to 

stage 220 waiting to receive the next real time image. However in other examples, the 

times of receipt of real time images (in stage 220) is not controlled by tracker 140 and 

therefore may occur independently of the performance of stage 260. 

r00135] In some instances, after a conclusion of object loss (stage 258), tracker 

140 may instead change the tracking mode to memory mode or may maintain memory 

mode if tracking is already in that mode. For instance, in some cases of memory mode, 

after a conclusion of object loss (stage 258) tracker 140 may replace the current reference 

image, e.g. with a reference image which is based on the last real time image, tracker 140 

may transfer the replacement reference image to output interface 180, and tracker 140 

may instruct image source 120 based on the seeking result having included a conclusion 

of object loss. In some examples of these cases, the instruction(s) may include 

indication(s) which is/are appropriate to memory mode (e.g. a gimbal error of zero so 

that image source 120 maintains the direction of pointing and/or other indication(s) to 

retain status quo parameters (e.g. speed». Continuing with these cases, after receiving 

the next real time image tracker 140 may then proceed to attempt to detect the 

replacement reference image in the received real time image, followed by stages 228 to 

250. In these cases, based on stages 250 and 254, andlor 258 it is determined if there is 

again a conclusion of object loss and memory mode should be continued for another 

iteration. In these cases, therefore, memory mode may continue until an iteration where 

quality is sufficiently high (no to stage 250) or low quality has persisted for a 

predetermined amount of time (yes to stage 264). 

[00136] In some instances, stage 264 may instead follow stage 258, meaning that 

tracking would end after a conclusion of object loss (stage 258). 

[00137] In some instances, at any stage of method 200, tracker 140 may transfer 

comments andlor support information to output interface 180. 

[00138] Fig. 3 is a flowchart illustrating an example of a method 300 of 

interfacing with an operator regarding object tracking, in accordance with the presently 

disclosed subject matter. In the illustrated example, it is assumed that method 300 is 

performed by output interface 180. 
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[00139] In the illustrated example in stage 304, output interface 180 receives a 

reference image from tracker 140. In some cases, output interface 180 receives the 

reference image integrated with a real time image, for instance picture in a picture. 

However in other cases, output interface 180 receives the reference image independently. 

r001401 In the illustrated example, in optional stage 308, output interface 180 

optionally processes the reference image. The processing may include any type of 

processing. For instance in some cases, the contrast in the reference image may be 

increased or decreased, the reference image may filtered, the reference image may be 

integrated with an independently received real time image (e.g. picture in a picture), the 

reference image may be integrated with independently received other information, other 

image related processing may be performed, and/or any other processing may be 

performed, etc. 

[00141] In the illustrated example, in stage 312, output interface 180 outputs the 

reference image (as received or after processing) to the operator. 

[00142] In some instances both reference images and real time images are received 

by output interface 180. In some of these instances, real time images may be transferred 

to output interface 180 by tracker 140 (either integrated with reference images or 

separately) where the transferred real time images may be as received by tracker 140 

from image source 120 or after processing. In some other of these instances, real time 

images may instead be transferred to output interface 180 by image source 120. In 

instances where reference images and real time images are received by output interface 

180, the reference images (as received or after processing) and the real time images (as 

received or after processing) may be outputted using the same module(s) of output 

interface 180 or using different module(s) of output interface 180, depending on the 

example. For example, the same display may present reference and real time images, or 

one display may present a reference image and a different display a real time image. In 

instances where the same output interface is used, the disclosure does not impose 

limitations on the presentation of the two outputted images using the same output 

interface. In some cases, the two outputted images are presented in an arrangement which 

facilitates operator tracking analysis, operator overseeing of the tracking, operator 
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training and/or operator input in reaction to the tracking. In one instance where the same 

output interface is used, the reference image is presented as a picture within a larger 

picture of the real time image. For example, Fig. 6 is an illustration 600 of a reference 

image 610 displayed as a picture in a larger picture of a real time image 620, in 

accordance with the presently disclosed subject matter. Fig. 6 is provided to aid in reader 

understanding of one possible example of an arrangement for outputting reference images 

and real time images on the same output interface, but it should be understood that many 

other possible arrangements (with varying positions, sizes, and/or contrasts, etc.) may be 

used in other examples. 

[00143] In some cases, in addition to images, output interface 180 may also 

receive, process andlor output other information originating from tracker 140 and/or 

image source 120 (such as indication(s) of seeking result(s) (e.g. the estimated center of 

the tracked object in a real time image, correlation number(s), correlation matrix, object 

loss), end indication(s), start indication(s), information determined by image source 

module(s) 120 (e.g. zoom value, change in zoom value, etc), comments, and/or support 

information, etc. In various cases of these instances, some or all of the information (as 

received or after processing) may be outputted on the same or different output interface 

module(s) as the reference images (and/or as the real time images, if outputted). For 

example, the same display may present reference images, the displayed information (and 

possibly real time images), or two or more displays may be used to display a reference 

image, the displayed information (and possibly a real time image). In instances where the 

same output interface is used, the disclosure does not impose limitations on the 

presentation using the same output interface. In some cases, the displayed information 

and the real time andlor reference image may be arranged in the integrated image in an 

arrangement which facilitates analysis, overseeing, development, training, and/or 

inputting, etc. by an operator. 

[00144] After stage 312, method 300 iterates back to stage 304 [or the next receipt 

of a reference image. However in other examples, the times of receipt of reference 

images is not controlled by output interface 180 and therefore may occur independently 

of the performance of stage 312. 
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[00145] Fig. 4 is a f10wchart illustrating an example of a method 400 of 

interfacing with an operator regarding object tracking, in accordance with the presently 

disclosed subject matter. In the illustrated example, it is assumed that method 400 is 

performed by input interface 160. 

[001461 In stage 404, input interface 160 receives one or more input(s) from an 

operator. 

[00147] In some instances, the inputting by the operator is made possible or 

facilitated by the operator having access to one or more outputted reference images 

(solely or in addition to real time image(s) and/or other information). 

[00148] The types of input which an operator is allowed to input may vary, 

depending on the instance. In some instances, the only input allowed includes indication 

to start tracking (e.g. by overlaying a symbol or enclosing within a predetermined shape 

in order to specify object to be tracked, etc) and/or indication to end tracking. In other 

instances, any of the following input(s) may be allowed: start tracking indication, end 

tracking indication, one or more dimensions of the object being tracked, location 

information relating to object being tracked, color information relating to object being 

tracked, specification that center of reference image should be changed to a different 

point (e.g. center of reference image should be moved to center of boat from side of 

boat), specification of center of object, specification that tracldng following zoom 

in/zoom out appears successful/unsuccessful, specification that object being tracked 

should be changed (e.g. plane #1 rather than plane #2 should be tracked) specification 

that smaller/larger object should be tracked (e.g. part of truck rather than whole truck 

should be tracked or vice versa; e.g. three trucks rather than two trucks should be tracked 

or vice versa), specification that the tracked object does not appear to be centered in the 

real time image, specification that the reference image does not sufficiently accurately 

reflect the tracked object (and/or is not sufficiently similar to the real time image) and 

therefore should be updated, specification of desired polarity (e.g. if targeted object is 

"hot" the object should be displayed in a bright color but if targeted object is "cold" the 

objcct should be displayed in a dark color), spccification that reference image should be 

updated more frequently or less frequently, etc. 
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[00149] In the illustrated example, in stage 408, some or all of input(s) received 

from the operator is/are transferred to tracker 140 for use in object tracking. 

[00150] In the illustrated example, after stage 408 method 400 iterates back to 

stage 404 awaiting the next input from the operator. However in other examples, the 

times of receipt of input(s) is not controlled by input interface 160 and therefore may 

occur independently of the performance of stage 408. 

[00151] Fig. 5 is a flowchart illustrating an example of a method 500 of acquiring 

a real time image for use in object tracking, in accordance with the presently disclosed 

subject matter. In the illustrated example, it is assumed that method 500 is performed by 

image source 120. 

[00152] In the illustrated example, in stage 504, image source 120 receives from 

tracker 140 instruction(s). Typically although not necessary the instruction(s) are meant 

to enable the acquisition of an image which should include the object that is being 

tracked. For instance, initial instruction(s) at the start of tracking may allow centering of 

the object indicated by the operator or automatically discerned in the next real time 

image. In some cases of this instance, the initial instruction(s) may include an indication 

of the difference (zero or not zero) between the center of the object to be tracked and the 

center of the real time image via which the object was specified or automatically 

discerned (e.g. gimbal error). In another instance, if the instruction(s) received are not 

the initial instruction(s), the instruction(s) may in some cases include an indication of the 

difference (zero or not zero) between the estimated center of the object in the real time 

image and the center of that real time image (e.g. gimbal error). In another instance, 

under memory mode, the instruction(s) may include indication(s) which is/are 

appropriate to memory mode. In some cases of this instance, the instruction(s) may 

include a gimbal error of zero and/or other indication(s) to retain status quo parameters 

(e.g. speed). In another instance where tracking has ended, if instructions have not ceased 

entirely, the received instruction(s) may be arbitrary. 

[00153] In the illustrated example, in stage 508, it is determined whether or not the 

received instruction(s) necessitates image source 120 to point in a different direction 

when acquiring the next image. For instance, if the instruction(s) included a difference 
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(e.g. gimbal error), then in some cases ifthe ditlerence was zero, then image source 120 

does not need to change the direction of pointing, whereas if the difference was non-zero 

then image source 120 does need to change the direction of pointing in order to try to 

center the tracked object in the field of view. 

[001541 If the instruction(s) necessitates image source 120 to point in a different 

direction (yes to stage 508) then in the illustrated example in stage 512, image source 120 

changes the direction in which image source 120 is pointing. Otherwise, if the 

instruction(s) does not necessitate image source 120 to point in a different direction (no to 

stage 508), then in the illustrated example in stage 516 image source 120 keeps pointing 

in the same direction. Additionally or alternatively, in some instances, if no 

instruction(s) is received, image source 120 maintains the same pointing direction. 

[00155] In the illustrated example in stage 520, image source 120 acquires an 

image. Typically although not necessarily the acquired image includes the tracked object. 

In some instances, image source 120 acquires images at a predetermined rate, regardless 

of the rate of receipt of instructions. 

r00156] In the illustrated example, in stage 524 image source 120 transfers the real 

time image to tracker 140 and optionally to output interface 180. 

[00157] In the illustrated example, after stage 524, method 500 iterates back to 

stage 504, awaiting receipt of the next instruction(s). However in other examples, the 

times of receipt of instruction(s) is not controlled by image source 120 and therefore may 

occur independently of the pcrformance of stage 524. 

[00158] Alternatively to the examples shown in Fig 2, 3, 4 and/or 5, stages which 

are shown in Fig. 2, 3, 4 and/or 5 as being executed sequentially may in some examples 

be executed in parallel and/or stages shown in Fig. 2, 3, 4 and/or 5 as being executed in 

parallel may in some examples be executed sequentially_ Alternatively to the examples 

shown in Fig. 2, 3,4 and/or 5, respective method 200, 300, 400, and/or 500 may in some 

examples include more, less and/or different stages than illustrated in Fig. 2,3, 4 and/or 5 

respectively. Alternatively to the examples shown in Fig. 2, 3, 4 and/or 5, stages may in 

some examples be executed in a different order than illustrated in Fig. 2, 3, 4 and/or 5. 
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[00159] It will also be understood that the subject matter contemplates that a 

system or part of a system disclosed herein may be for example a suitably programmed 

machine. I -ikewise, the suhject matter contemplates, for example, a computer program 

being readable by a machine for executing a method or part of a method disclosed herein. 

Further contemplated by the subject matter, for example, is a machine-readable memory 

tangibl y embodying program code readable by the machine for executing a method or 

part of a method disclosed herein. 

[00160] While examples of the subject matter have been shown and described, the 

subject matter is not thus limited. Numerous modifications, changes and improvements 

within the scope of the suhject matter will now occur to the reader. 
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CLAIMS: 

1. A system for object tracking, comprising: 

a tracker operable to provide a reference image of an object being tracked for output 

to an opcrator, to rcceive a real timc image, and to seck said trackcd object in said 

real time image based at least partly on said reference image. 

2. The system of claim 1, wherein said tracker is further operable to determine said 

reference image. 

3. The system of any of the previous claims, wherein said tracker is further operahle to 

receive an input provided by an operator, and to consider at least said input when 

performing at least one of: determining said reference image, or seeking said tracked 

object in said real time image. 

4. The system of any of the previous claims, wherein said tracker is further operable to 

perform at least one of the following: start object tracking or end object tracking. 

5. The system of any of the previous claims, further comprising: an output interface 

opcrable to output said refercncc image to said opcrator. 

6. The system of any of the previous claims, further comprising: an input interface, 

operable to receive an input from said operator, and operable to provide said input to 

said tracker for use in tracking said object. 

7. The system of any of the previous claims, wherein said tracker is further operable to 

issue an instruction based on a result of said seeking for acquiring a subsequent real 

time image. 

8. The system of any of the previous claims, further comprising: an image source 

operable to receive an instruction which was issued by said tracker based on a result 

of said tracker seeking said tracked object in said real time image, wherein said 

seeking considered at least an input of an operator with access to an outputted 

reference image, and operable to acquire a suhsequent real time image at least 

partly based on said received instruction. 
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9. The system of claim 8, wherein said image source changes or does not change 

direction of pointing when acquiring said subsequent image, at least partly based on 

said received instruction. 

10. A system for object tracking, comprising: 

an output interface operable to output a reference image of an object being tracked to 

an operator. 

11. The system of claim 10, further comprising: 

an input interface, operable to receive an input from said operator, and operable to 

provide said input to a tracker for use in tracking said object. 

12. The system of claim 11, wherein said input includes at least one selected from a 

group comprising: start tracking indication, end tracking indication, one or more 

dimcnsions of the object bcing trackcd, location information relating to objcct being 

tracked, color information relating to object being tracked, specification that center of 

reference image should be changed to a different point, specification of center of 

object, specification that tracking following zoom in/zoom out appears 

successful/unsuccessful, specification that object being tracked should be changed, 

specification that smallerllarger object should be tracked, specification that the 

tracked object does not appear to be centered in the real time image, specification that 

reference image should be updated, specification of desired polarity, or specification 

that reference image should be updated more frequently or less frequently. 

13. The system of any of claims 10 to 12, wherein said reference image is outputted as a 

picture within a larger picture of a real time image of said tracked object. 

14. The system of any of claims 10 to 13, further comprising: a tracker operable to 

provide said reference image to said output interface, to receive a real time image, 

and to seek said tracked object in said real time image based at least partly on said 

reference image. 

15. The system of claim 14, further comprising: 



41 

an image source operable to receive an instruction which was issued by said 

tracker based on a result of said tracker seeking said tracked object tracked in 

said real time image, wherein said seeking considered at least an input of an 

operator with access to an outputted reference image, said image source further 

operable to acquire a subsequent real time image at least partly based on said 

received instruction. 

16. The system of claim 15, wherein said image source changes or does not change 

direction of pointing when acquiring said subsequent image, at least partly based on 

said received instruction. 

17. A tracking method, comprising: 

providing a reference image of an object being tracked for output to an operator; 

receiving a real time image; and 

seeking said tracked object in said real time image, at least partly based on said 

reference image. 

18. The method of claim 17, further comprising: 

determining said reference image. 

19. The method of any of claims 17 to 18, further comprising: 

receiving input provided by an operator; and 

considering at least said input when performing at least one of determining said 

reference image, or seeking said tracked object in said real time image. 

20. '!be method of any of claims 17 to 19, further comprising: 

outputting said reference image to said operator. 

21. The method of any of claims 17 to 20, further comprising: 

receiving input from said operator; and 

providing said input to a tracker for use in tracking said object. 
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22. The method of any of claims 17 to 21, further comprising: 

issuing an instruction based on a result of said seeking for acquiring a subsequent 

real time image. 

23. The method of any of claims 17 to 22, further comprising: 

receiving an instruction which was issued based on a result of said seeking said 

tracked object in said real time image wherein said seeking considered at least an 

input of an operator with access to an outputted reference image; and 

acquiring a subsequent real time image at least partly based on said received 

instruction. 

24. The method of claim 23, wherein said acquiring includes: changing or not changing 

direction of pointing, at least partly based on said received instruction. 

25. A method of interfacing with an operator regarding object tracking, comprising: 

outputting a reference image of an object being tracked to an operator. 

26. The method of claim 25, further comprising: 

receiving an input from said operator; and 

providing said input to a tracker for use in tracking said object. 

27. The method of claim 26, wherein said input includes at least one selected from a 

group comprising: start tracking indication, end tracking indication, one or more 

dimensions of the object being tracked, location information relating to object being 

tracked, color information relating to object being tracked, specification that center of 

reference image should be changed to a different point, specification of center of 

object, specification that tracking following zoom in/zoom out appears 

successfullunsuccessful, specification that object being tracked should be changed, 

specification that smaller/larger object should be tracked, specification that the 

tracked object does not appear to be centered in the real time image, specification that 
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reference image should be updated, specification of desired polarity, or specification 

that reference image should be updated more frequently or less frequently. 

28. The method of any of claims 25 to 27, wherein said reference image is outputted as a 

picture within a larger picture of a real time image of said tracked object. 

29. The method of any of claims 25 to 28, further comprising: 

receiving a real time image; and 

seeking said tracked object in said real time image, at least partly based on said 

reference image. 

30. The method of claim 29, further comprising: 

receiving an instruction which was issued based on a result of said seeking of said 

object in a real time image, wherein said seeking considered alleast an input of an 

operator with access to an outputted reference image; and 

acquiring a subsequent real time image at least partly based on said rcceived 

instruction. 

31. The method of claim 30, wherein said acquiring includes: changing or not 

changing direction of pointing, at least partly based on said received instruction. 

32. A computer program comprising computer program code means for performing 

all the steps of any of claims 17 to 31 when said program is run on a computer. 

33. A computer program as claimed in Claim 32 embodied on a computer readable 

medium. 


