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Abstract: 

To evaluate multitarget video tracking results, one needs to quantify the accuracy of the 

estimated target-size and thecardinality error as well as measure the frequency of 

occurrenceof ID changes. In this paper, we survey existing multitarget tracking 

performance scores and, after discussing their limitations, wepropose three parameter-

independent measures for evaluatingmultitarget video tracking. The measures consider 

target-sizevariations, combine accuracy and cardinality errors, quantifylong-term tracking 

accuracy at different accuracy levels, and evaluate ID changes relative to the duration of 

the track in whichthey occur. Difficulties in tracking objects can arise due to abrupt object 

motion, changing appearance patterns of the object and the scene, no rigid object 

structures, object-to-object and object-to-scene occlusions, and camera motion. Tracking is 

usually performed in the context of higher-level applications that require the location 

and/or shape of theobject in every frame We conduct an extensive experimental validation 

ofthe proposed measures by comparing them with existing ones andby evaluating four 

state-of-the-art trackers on challenging realworld publicly-available data sets. The software 

implementingthe proposed measures is made available online to facilitate theiruse by the 

research community.Typically, assumptions are made to constrain the tracking problem in 

the context ofa particular application. In this survey, we categorize the tracking methods on 

the basis of the object andmotion representations used, provide detailed descriptions of 

representative methods in each category, andexamine their pros and cons. Moreover, we 

discuss the important issues related to tracking including the useof appropriate image 

features, selection of motion models, and detection of objects. 
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Introduction: 

Object tracking is an important task 

within the field of computer vision. The 

proliferationof high-powered computers, 

the availability of high quality and 

inexpensivevideo cameras, and the 

increasing need for automated video 

analysis has generated agreat deal of 

interest in object tracking algorithms. 

There are three key steps in 

videoanalysis: detection of interesting 

moving objects, tracking of such objects 

from frameto frame, and analysis of 

object tracks to recognize their behavior. 

Therefore, the use ofobject tracking is 

pertinent in the tasks of: 

 motion-based recognition, that is, 

human identification based on 

gait, automatic objectdetection, 

etc.; 

 automated surveillance, that is, 

monitoring a scene to detect 

suspicious activities orunlikely 

events; 

 video indexing, that is, automatic 

annotation and retrieval of the 

videos in multimediadatabases; 

 human-computer interaction, that 

is, gesture recognition, eye gaze 

tracking for datainput to 

computers, etc.; 

 traffic monitoring, that is, real-

time gathering of traffic statistics 

to direct traffic flow. 

 vehicle navigation, that is, video-

based path planning and obstacle 

avoidancecapabilities. 

In its simplest form, tracking can be 

defined as the problem of estimating the 

trajectoryof an object in the image plane 

as it moves around a scene. In other 

words, atracker assigns consistent labels 

to the tracked objects in different frames 

of a video. Additionally,depending on the 

tracking domain, a tracker can also 

provide object-centricinformation, such 

as orientation, area, or shape of an object. 

Tracking objects can becomplex due to: 

 loss of information caused by 

projection of the 3D world on a 

2D image, 

 noise in images, 

 complex object motion, 

 no rigid or articulated nature of 

objects, 

 partial and full object occlusions, 

 complex object shapes, 

 scene illumination changes, and 

 real-time processing 

requirements. 

 

One can simplify tracking by imposing 

constraints on the motion and/or 

appearance of objects. For example, 

almost all tracking algorithms assume 

that the object motion is smooth with no 

abrupt changes. One can further constrain 
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the object motion tobe of constant 

velocity or constant acceleration based on 

a priori information. Prior knowledge 

about the number and the size of objects, 

or the object appearance and shape, can 

also be used to simplify the problem. 

Numerous approaches for object tracking 

have been proposed. These primarily 

differ from each other based on the way 

they approach the following questions: 

Which object representation is suitable 

for tracking? Which image features 

should be used? How should the motion, 

appearance, and shape of the object be 

modeled? The answers to these questions 

depend on the context/environment in 

which the tracking is performed and the 

end use for which the tracking 

information is being sought. A large 

number of tracking methods have been 

proposed which attempt to answer these 

questions fora variety of scenarios. The 

goal of this survey is to group tracking 

methods into broad categories and 

provides comprehensive descriptions of 

representative methods in each category. 

We aspire to give readers, who require a 

tracker for a certain application, the 

ability to select the most suitable tracking 

algorithm for their particular needs. 

Moreover, we aim to identify new trends 

and ideas in the tracking community and 

hope to provide insight for the 

development of new tracking 

methods.Our survey is focused on 

methodologies for tracking objects in 

general and not on trackers tailored for 

specific objects, for example, person 

trackers that use human kinematics as the 

basis of their implementation 

 

Video tracking is a widely researched 

topic with applications in event detection, 

surveillance and behavior analysis. These 

applications may involve simultaneous 

tracking of multiple moving targets using 

a point-target representation (e.g. feature-

point tracking) or an extended-

targetrepresentation (e.g. in face or 

person tracking) [1]–[6]. Pointtarget 

representations use target position 

information, whereasextended-target 

representations also include information 

aboutthe region covered by the target in 

the image plane [6],[7]. A tracking error 

is generally quantified by computingthe 

discrepancy between estimated and 

ground-truth targetregions [8], [9] (Fig. 

1). Ground-truth-free tracking 

evaluationframeworks also exist that 

provide performance assessment 

byenforcing constraints such as time 

reversibility [10], [11] andfeature 

consistency [12], [13] of the estimated 

tracks.Unlike single-target tracking 

evaluation [9], [14], [15],multi-target 

tracking evaluation requires solving the 

assignment problem in order to establish 

associations betweenestimated and 

ground-truth states [8], [16]–[19]. The 

association may be determined using 

position only (point-based assignment) or 

region information as well (region-based 

assignment).Point-based 

assignmentdetermines associations based 
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on distance minimization between 

estimated andground-truth tracks [16], 

[17].Region-based assignmentdetermines 

associations based on the overlap 

between estimatedand ground-truth target 

regions [8], [18] or by establishingtheir 

coincidence[19]. Coincidence means that 

the centroid ofone (e.g. estimated target) 

lies within the region of the other.Finally, 

the assignment may be solved at frame 

level [4] or atsequence level [16].Three 

important aspects to be evaluated for 

multitarget tracking are accuracy, 

cardinality and number of IDchanges [8], 

[16]. The accuracyquantifies the 

closeness ofagreement between estimated 

and ground-truth states [21],and it can be 

calculated as an error score (i.e. distance 

[16],overlap [8], [17]) (Fig. 1) or based 

on true positives (correctestimations), 

false positives (incorrect estimations) and 

falsenegatives (missed estimations) [7]. 

Thecardinality error isthe difference 

between the number of estimated and 

groundtruth targets.ID changesare the 

incorrect associations betweenestimated 

and ground-truth targets.Evaluation 

measures can be categorized into 

distancebased [16], [22]–[24] and 

overlap-based measures [8], [9],[17], 

[18]. Distance-based measuresmay not be 

suitable toevaluate changes in target size 

[16], [23], [24] or their valuesmay not 

explicitly detect instances of tracking 

failure, which isdefined as a zero-overlap 

between estimated and 

correspondingground-truth states [22]–

[24].Overlap-based measures[8],[9], [18] 

generally consider the estimated target-

size variationsand can detect instances of 

tracking failure. Both distancebased and 

overlap-based measures may need 

presetting ofparameters [8], [16]. For 

example, a cut-off parameter isused to 

define an upper bound [16]. Then the 

number offalse positive (i.e. its spatial 

overlap with the ground truthis 

insufficient) and false negative 

estimations (i.e. missedestimation having 

spatial overlap with the ground truth to 

be 

 

Fig. 1. Accuracy error for extended 

targets: overlap between estimated(solid 

line) and corresponding ground-truth 

(dotted line) regions defined as(a) 

bounding box, (b) bounding ellipse or (c) 

contour. Image from the iLidsEasy 

sequence [20] 

The last case we consider is a moving 

camera combined with moving objects. 

Now, certain regions in the image will 

correspond to objects moving 

independently of the camera, although 

again only with our simple translational 

motion assumptions. The first step is to 

segment the image into separate regions. 

To do this we use a very simple 

segmentation algorithm: 
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1. Get optical flow vector list 

2. Normalize all vectors 

3. Discretize all vectors 

4. Get max of the number of vectors 

for each discretized area 

5. If max > threshold 

Create new region x 

For each optical flow vector 

If within error threshold of max then 

assign to region x and remove vector 

from list 

Goto 4 

While this algorithm may be simple to 

implement, it has drawbacks. It only 

captures translational motion parallel to 

the image place. Objects or a camera 

moving towards or away from the camera 

is unconsidered. Rotation is also not 

captured. The choice of thresholds is also 

a sensitive issue.  

 

 

Normalized and discretized flow vectors 

As we can see in the previous image, 

there appear to be 2 or possibly 3 regions 

in the image which are moving with 

distinct motions. To segment this, we 

would take the maximum point and, if 

within a threshold, assign all vectors 

within some error to that region. We 

would continue doing this until the 

maximum point was lower than another 

threshold. 

Once we have segmented the image 

into regions, we must track them over a 

sequence of frames. To do this we begin 

by finding information about each region. 

For this project, only a few pieces of 

information were used: 

1. The center of the region 

2. The average distance to the center 

point, i.e. density 

3. The direction of motion 

4. The last frame seen 

5. The total frames seen 

 

We keep a list of regions seen over 

the course of the movie. For each new 

frame, we use the information for each 

region to try and match with a previous 

region. If a match is found within a 

threshold, we assign this region to 

previous one and update the information 

with a simple update equation. 

X = α(Xnew) + (1-α)(Xold) 

If no matched was found, the region is 

added to the list. 

         Now that we have a list of tracked 

regions, the next task is background 
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determination. Remember, for image 

stabilization, tracking the background is 

of primary importance. Tracking other 

regions can be useful but is secondary. 

There is a problem however with initially 

finding the background of the image. For 

this project, we make the assumption that 

for the first second of video, there are no 

moving regions and the background takes 

up the entire image. This initial time is 

used to lock onto the background for later 

tracking. Once regions begin moving 

independently of the background, we will 

compare each region with our special 

background region from the first second. 

5 Results 

The results using this technique 

are quite promising. The stabilized movie 

produced using the first two cases contain 

significantly less jitter. There are three 

videos which should accompany this 

document. The first contains an example 

of jitter correction in the second case 

where the camera is panning left. This 

movie, 1.m1v, shows the original image 

on the left and the stabilized image on the 

right. Again, the large black borders are 

caused by shifting the frames to line up 

correctly. 

 

 

Output from a stabilized movie with 

intentional motion 

 

An example of the first case was 

not included since the previous video 

obviously shows the system works well 

with our basic assumptions of a single 

background region for the entire image. 

The times where the background isn’t 

moving is a subset of the second case and 

would be treated similarly. During 

testing, stationary background movies 

were used and the jitter was compensated 

for nicely. 

 The third case of moving regions 

is also perceptively more stable, but less 

so than the previous two cases. The 

additional complexity of region 

segmentation, tracking, background 

determination, and recovery all diminish 

the quality of the resulting stabilized 

image. There are two included videos for 

this case, 2-1.m1v and 2-2.m1v. 

The upper left quadrant shows the 

original image. The lower left image 
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shows the normalized and discretized 

flow vectors for the frame. This circular 

counter is used to segment the image into 

the various regions. The upper right 

image shows the regions of the image. It 

was difficult to represent the regions in 

these test movies. I decided eventually to 

mark the features from the background 

region as white and all features from 

other regions as black. I also included a 

large white dot to show the center of the 

region. From watching the movies, one 

can see how the background is often lost, 

which corresponds to only seeing small 

black dots. The lower right image is the 

stabilized output image. 

 

 

Output from a stabilized movie with 

intentional motion and moving objects 

 

6 Problems and Further Work 

One major problem with the 

system so far is background recovery. If 

the background is lost because of 

occlusion from another object there are 

no methods to recover it. As long as 

during the loss, the background region 

doesn’t change drastically, the system 

can recover when the background 

reappears. It merely feeds the Kalman 

filter’s prediction back into itself as the 

measurement, keeping the movement of 

the camera along the same path as 

previously estimated. If the background 

moves significantly when lost, when it 

reattaches there will be a significant jerk 

to compensate for the updating of the 

Kalman filter. Also, if the background 

reappears in a different part of the screen, 

the system is not intelligent enough to 

recover. For example, consider a large 

van moving right in front of the camera. 

The background will be pushed to the 

right hand side of the image while the 

van moves by the camera. As the van 

leaves, the background will reappear on 

the left side of the image. The current 

system cannot handle this difficulty. 

There are further limitations and 

problems with the current system. Firstly, 

the tracking of regions is quite poor. 

Often objects moving are not properly 

tracked and many extraneous regions are 

created during an object’s motion. Our 

only salvation is that we don’t really use 

the information from these tracked 

regions other than the background. These 

other moving regions are simply 

dismissed. Their flow vectors are ignored 

for the final displacement measurement 

given to the Kalman filter. Only the 

background region is used for this 

measurement and often the background is 

large enough to compensate for the errors 
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in the tracking. However, if more robust 

intelligence was put into the system, i.e., 

background recovery or analysis of 

object’s motion, then a more robust 

tracking system would also need to be 

developed. 

As was previously mentioned, a 

significant drawback of the system is the 

simple translational motion assumptions 

for both camera and objects. This is a 

fairly complex problem to deal with. 

While many systems utilize more 

complex motion parameters, in general, 

this is a difficult problem since there are 

many ambiguous motions. The optical 

flow calculation should also be improved 

upon. There are many instances where 

odd bugs seemed to occur in the optical 

flow field, perhaps cause by the OpenCV 

function. With more time, this function 

should be re-implemented.  

Another area that could be 

improved upon is using mosaicking to fill 

in the region of the image with black 

bars. Since we are shifting the image 

over, these areas are unavoidable. 

However, we have information for this 

area from previous frames. By combining 

this information from separate frames, we 

can remove the black bars. The last area 

which could be explored is using the 

previous segmentation and region 

information to make more informed 

segmentation of the following frames. 

Though a much more general issue than 

this project entails, the problem is 

definitely an interesting area worth 

further exploration. 

Conclusions 

We proposed three measures (METE, 

MELT, NIDC)that quantify key factors in 

extended multi-target tracking:accuracy, 

cardinality and ID changes. These 

measures areparameter independent, 

numerically bounded and account 

fortarget-size changes. METE provides a 

holistic error assessmentusing an 

effective trade-off between accuracy and 

cardinalityerrors. MELT enables the 

analysis of tracking performanceat 

varying accuracy levels that can facilitate 

the selection oftrackers for specific 

applications. NIDC penalizes ID 

changesas a function of the length of the 

track in which theyoccur. We presented 

an extensive experimental validationand 

comparison of these measures with the 

state-of-the-artmeasures on recent multi-

target trackers using real-

worldsequences.. 
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