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Abstract There are around 15 million surveillance camera
installed in US and about 10 % of it is IP based. This num-
ber of IP-based surveillance is constantly growing as it gives
an opportunity for smart real time surveillance. When the
number of camera increases, it create a challenge to smart
surveillance both in terms of cost and efficiency. Cost—as
to monitor so many views, there is a need to have enough
people. Efficiency—due to overload of monitoring, there are
chances that important tracking is missed. Intelligent sur-
veillance helps in avoiding many such issues, however, there
is a constant threat that due to lack of appropriate policy
control framework, tracking may be affected due to inher-
ent network issues or human glitches. The paper presents a
novel way, where a policy control framework is deployed for
IP-based surveillance which will help in efficient monitor-
ing. The paper studies the QoS pattern where such a system
is deployed and shows that the utility function used for such
tracking follows a linear uncertainty distribution pattern. The
paper also concentrates on illustrating the algorithm for find-
ing the cameras where the QoS needs to be harmonized. It
shows how to make the algorithm opportunistic, so that the
number of messages in the network can be reduced while
tweaking the QoS.
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Introduction

IP-based video surveillance [1] is going to witness a large
growth in the coming days. Also, video download as a service
and video surveillance is expected to reach $42 billion by
2019 [2]. City of London in 2013, quoted that there were
more than 91,000 surveillance cameras [3]. This figure is
increasing for efficient monitoring.

So far, trained security personnel who are capable of mon-
itoring a modest number of incoming video streams, do the
video review. As the volume of video streams grow, the mon-
itoring abilities of security personal further fatigues. Adding
more security personnel is expensive. Also, there is a sheer
disadvantage that accompany human analyzing of video data.

The important aspect is the emergence of intelligent sur-
veillance [4]. This technique enables the tracking to a new
dimension, where the video is not a mere stream, but, it can
at the same time identify the subject.

Background

Intelligent surveillance

In the past, there had been lot of successful studies for auto-
mated tracking. A subject can be tracked by using an Eigen
tracker [5,6]. For example in Fig. 1, a subject (in oval) is
selected which can be effectively tracked.

Figure 1a–e shows, the subject (in oval) which is con-
stantly moving is being tracked by the system, despite the
motion [6]. It has been proved that in spite of significant
occlusions, changing background and multiple interacting,
the subject can be tracked successfully [5].

In order to extend the area, multiple cameras are needed.
A common subject can be tracked through multiple cam-
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Fig. 1 Subject (in oval) is selected and tracked

Fig. 2 Subject tracking technique

eras, in dynamic scenes and can be analyzed without any
issues [7]. Techniques like histograms and spatial rela-
tionships [7] have been highly successful in doing such
analysis.

In a realistic scenario,whenmultiple cameras are installed,
there is very little or no overlap between the view of the two
cameras. The technique used for the fast tracking [8] uses a
template library which has the appearance of the subject dur-
ing the initial stage as well as the current ones. This template
is having different variation of pose and brightness changes.

Figure 2 contains the technique which is used while track-
ing of a subject. Here, the selected frame is send for a match
with the template.

The technique used for tracking subject in [9] is referred
in this paper. It works as follows: consider a case, where
function F(Ix, Iy, t) is an image region in which Ix and Iy

represents the coordinates of I as a vector on x-axis and y-
axis at a given time t . Let T be the template library containing
occurrences of I as shown in the Eq. (1). For a given instance
∂ , the matching of the subject [9] at a location L is given by
optimization equation (2) mentioned below:

T = {Ti, j }{i=1,2,...,n}{ j=1,2,...,k}. (1)

SubL = max
n∑

i=1

k∑

j=1

{
F(Ix+∂x , Iy+∂y, t + ∂t), Ti, j

}
. (2)

The optimization equation of (2) require to model the “shift”
at instance ∂ [9]. This technique converges faster, if the
approximation is crudely programmed in “shift”, for exam-
ple, if there is a larger step size value, the technique will
converge faster. In such a case, the solution may lack accu-
racy. The results will be of higher accuracy, if smaller value
is selected, however, it will be obtained at the expense of an
increase in computational complexity.

When an object is under observation, the template library
of this object is refreshed during the handoffs among the
cameras.

Assuming that the object selected is of 120×80 pixel and
the template library consists of 15 such templates at a time ∂ .
If this is 8 bit grayscale image, it amounts to 120×80×15×
8 = 1152 Kbits bandwidth. Therefore, the bandwidth differs
based on the variation of the template at a given instance ∂

and object selected.
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Modern broadband infrastructure

Different standardization bodies have proposed different
ways to stream the traffic. 3GPP [12] has proposed a con-
vergent way which enables different access to route the data
through a common core. This architecture enables a user to
move from one access (e.g. WiFi) to another (e.g. 4G) with-
out any break of existing session. The core is efficient enough
to continue the service.

Another feature of this architecture is that it gives an oper-
ator the possibility to set the policy and QoS of the session
based on different conditions and attributes using the PCRF.
Figure 3 contains one such convergent architecture proposed
by 3GPP.

Applicability of uncertainty theory

The case of live subject tracking is an ideal case where uncer-
tainty theory [10] can be applied. This is due to the case,
that the technique for tracking mentioned in Eq. (2), depends
largely on the template size, which varies dynamically. Based
on the scene changes or background occultation, the template
size can increase to a different degree. Similarly, the template
size can decrease too, if the system optimizes the unrelated
coordinates from the template.

“Uncertainty distribution” [11] can be treated as a com-
ponent based on this theory, which works as a basic tool to
specify uncertain variables. In cases where QoS of a given
setup is not certain, it becomes necessary to model such an
environment, which can give the idea to the network plan-
ner on how to effectively write policies. “Calculations and
results” of this paper gives an example of the use of the uncer-
tainty distribution.

Identification of nearest neighbor

The nearest neighbors (NN) problem is researched deeply
in many fields of vision [15] and geographical information
systems (GIS) [16]. There is an availability of vast literature
in this area. Normally, the nearest neighbor identification
scheme can be divided into two types: the k-nearest neighbor
searching scheme, where the idea is to find the k-nearest
neighbor for a given point p. The other is the ε range neighbor
scheme, where all the nearest neighbor within the distance ε

of the point p are identified.
“Calculations and results” of this paper illustrates that the

scheme of ε range neighbor fits for the use case requirements
mentioned in paper. The section also introduces algorithm for
finding such neighbor in an opportunistic way, so that it leads
to reduction of signaling messages in the network.

Experiment description

Requirements identified

Following are the use cases which are identified:

A. A subject to be tracked is moving fast. An operator mon-
itoring from one of the cameras can select a subject that
can be further tracked using the above mentioned intelli-
gent schemes, through other cameras viawhich it is being
viewed, without facing the network glitches and QoS.
This would enable real-time tracking of the subject.
The uncertainty in QoS, cannot be solved by merely pro-
visioning a statically high QoS at all the camera nodes
and it will be an un-necessary waste, as at many times
the subject tracking may not be required at that camera.

Fig. 3 Simultaneous IP-CAN
session connection using
multiple accesses
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B. It should be possible for the operator to prioritize the
viewing of the subject.
Prioritization of a camera or a group, is expensive, as one
needs tomove the resources from “best effort” to a “guar-
anteed effort”. The guaranteed effort requires a GBR
bearer creation. ThisGBRbearer [12] setting is an expen-
sive process that impacts both the network resources and
end user’s (e.g. camera’s) battery power. So, such settings
should be done only when it is required.

Setup

Figure 4 contains an illustration which shows a subject mov-
ing through different zones.

Zone Z1 contains a set of surveillance camera which is
assigned an IP address prefix of a::e/64, zone Z2 contains a
set of surveillance camera which is assigned an IP address
prefix of b::e/64 and zone Z3 contains a set of surveillance
camerawhich is assigned an IP address prefix of c::e/64.Now
different surveillance camera within any zone can generate
their /128 address out of their zone prefix and work as an
independent entity. These cameras connect to the application
server shown as operator service in the diagram.

The IP prefix allocation helps the network to reduce the
number of connectivity. Here, effectively between a given
zone (e.g. zone 1) and the P-GW there is just one /64 prefix-
based connection.However, there areN cameras in each zone,

Fig. 4 Illustration showing subject moving through different areas
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each with /128 address, which are viewed as an application
to the surveillance center. Therefore, this scheme helps in
reducing the address overhead to the operator, at the same
time can increase the number of cameras in any given zone.
Figure 4 also illustrates that the subject selected on a camera
in zone 1 is a fast moving car carrying unauthorized people.
Important thing to note is that out of three camera zones,
only two camera zones are able to identify the subject which
is selected. Finally, the car is tracked by a camera in zone 3.

Figure 4 shows the 3GPP-defined architecture for com-
municating with the application server. At this point, it is
important to note that there is a difference between a typical
IP sessions and IP-based surveillance. In the IP-based surveil-
lance the subject is always selected by the application server.

Calculations and results

Call procedures

Operators has to do policy control in their network to domake
the flows streamline. An efficient policy and QoS control is
done using a PCRFwhich is connectedwith the gatewaywith
the standard Gx [13] interface and with application server
with Rx [14] interface. This is shown in the Fig. 4.

Figure 5 illustrates the call flow for setting up the priority
and QoS for the subject selected. The steps in Fig. 5, which
are in “bold yellow” are the new steps, introduced as part of
the experiment. The following steps are executed in order to
do this operation:

A.1. IP tunnel is created between the router(s) and the gate-
way. The prefix length of /64 is assigned.

A.2. The gateway sends the CCR-I for each of the /64 prefix
assignment towards the PCRF.

A.3 PCRF evaluates the policy and provisions the default
QoS for the session.

A.4. The IP tunnel is modified with the installed QoS.
A.5. The cameras start sending the data which they are

viewing. There are N cameras in each zone and have
/128 derived address from the /64 prefix assigned to
its router.

A.6. Subject-1 is selected on Cam-1 in zone 1.
A.7. Application server sends the App-id as Subject-1 and

Cam-1’s /128 address.
A.8. PCRF sends AAA-I as the binding is successful.
A.9. PCRF binds the sessionwith the information provided.

It sends RAR message towards the gateway to priori-
tize the session from Cam-1 and install a new QoS.

A.10. Gateway does the installation of the rules.
A.11. IP tunnel is modified and flows from Cam-1 are given

the priority and QoS supplied by the PCRF.

The subject nowmoves away from zone 1. Zone 2 cameras
are not able to identify the subject. The subject is further
observed in zone 3 in Cam-5. Now, it is important to reset
the priority and QoS of Cam-1 in zone 1 and prioritize the
viewing of Cam-5 in zone 3.

Figure 6 has an illustration for this scenarios. The steps
in Fig. 6, which are in bold yellow are the one introduced as
part of this experiment:

B.1. Subject-1 moves to zone 3 from zone 1.
B.2. Application server sends the AAR-I with prioritize the

flows for Cam-5 in zone 3 and the Subject-id.
B.3. PCRF sends AAA-I as the binding is successful.
B.4. Based on the Subject-id, the PCRF sends the RAR to

reset the QoS and priority for Cam-1 in zone 1.
B.5. Gateway does the installation of the rules.
B.6. IP tunnel is modified and flows from Cam-1 are set to

default QoS and priority.
B.7. PCRF sends RAR towards the gateway to prioritize the

session from Cam-5 and install a new QoS.
B.8. Gateway does the installation of the rules.
B.9. IP tunnel is modified and flows from Cam-5 in zone 3

are given the priority and QoS supplied by the PCRF.

Distribution of QoS uncertainty

The Eigen tracking scheme, discussed in “Intelligent sur-
veillance” for processing the fast moving subject is an
application, where the QoS demands varies based on the
template library profile, which is dynamically changing. This
creates an uncertainty in the QoS needs. Furthermore, there
will be a gap between the camera perceived QoS and the
network/service provided QoS at two different timestamps.

Due to dynamic change in QoS demands, there is a need
for amechanismwhichwill assess the camera-perceivedQoS
at different timestamps. In order to do so, a utility function
is to be defined, which is not be merely based on network
characteristics. This utility function provides a measure for
the bearer performance.

Definition wise, utility functions are mathematical mod-
eling techniques that is typically used to model the relative
preferences of UE at different timestamps. They alsomap the
order of various outcome of the events by assigning a simple
scalars to each outcome.

While dealing the uncertainty, one needs to note that the
QoS demands of the camera which were once in priority, but
since now the subject has moved out of its coverage needs
to be reset also, as shown in Fig. 6. Keeping these things in
mind utility function needs to be defined.

A resource metric, ri(k) is defined, which represents the
QoS demands of camera i for k instance of time. We define
a loss factor f ki as under:
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Fig. 5 Call flow for QoS and
priority setting when subject is
in zone 1

f ki = max

(
1 − rReqi (k)

rCurri (k)
, 0

)
, (3)

where, rReqi (k) and rCurri (k) represent the required and cur-
rent QoS respectively.

For a difference, μk
i = rReqi (k)−rCurri (k)

rCurri (k)
, the utility function

Uk
i is defined as under:

Uk
i =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

max
(
1 − γ +

k,iμ
k
i , 0

)
, rReqi (k) < rCurri (k)

1, rReqi (k) = rCurri (k)

max
(
1 + γ −

k,iμ
k
i , 0

)
, rReqi (k) > rCurri (k)

(4)

Hereγ ±
k,i represents the degree of utility reduction.γ

+
k,i means

the reduction in utility function Uk
i . γ −

k,i is the same in the

reverse direction. γ +
k,i > γ −

k,i means that the utility is decreas-
ing strongly when the template size is increasing.

As an example, the value of γ +
k,i is chosen as 1 and that of

γ −
k,i is 0.5. Based on the varying template size discussed in

“Intelligent surveillance section”, the utility function value
is studied in Table 1.

Considering a case, where, rReqi = r − g, r − g −
1, . . . , r, . . . , r + g. In such a scenario, the equation (4)
reduces to,

Ug =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

0, g ≥ 2

1 − 0.5g, 0 < g < 2

1, g = 0

(5)
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Fig. 6 Call flow for QoS and
priority setting when subject
moves to zone 3

Figure 7, shows the plot of U ′
g which is (1 − Ug). This

shows, that it follows the pattern for linear uncertainty dis-
tribution [10].

Camera selection algorithm for QoS determination

The vehicle under observation is a fast moving subject and
hence requires the QoS of the cameras through which it
passes dynamically adjusted, so that the image tracking tech-
nique discussed in Intelligent surveillance section can be
implemented with ease.

Figure 8a consists of two subjects (S1 and S2)which are to
be tracked and cameras of those paths only needs to have an
upgraded QoS. Figure 8b consists of the graph constructed
based on the path followed. The camera zones are mentioned
as “Z” in the figure.

Once, the vehicle leaves the camera site, it needs to be
reset to the normal QoS.

As an example of the algorithm mentioned in this section
is shown in Fig. 9. Figure 9 shows that subject S1 at time Ta
is under the influence of camera zone Z4 and Z5. At the time
Tb it is under the influence of camera zone Z5, Z12 and Z6.
Between two consecutive times, Ta and Tb, the camera zone,
i.e. Z5, needs to retain the same QoS. It is very important to
mark the camera zones which are to retain the same QoS, as
it would reduce the number of signaling messages which are
exchanged between the policy control and the network for
QoS changes.

Based on Fig. 8a, the adjacency matrix of different cam-
era zones Zi , based on the street map is shown in (6). The
zones which are having the value one, shows the neighbor
zones.
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Table 1 Pattern of utility
function rCurri rReqi Uk+

i

(a) rCurri < rReqi

560 1152 0

560 768 0.628571

560 691.2 0.765714

560 614.4 0.902857

560 570 0.982143

rCurri rReqi Uk−
i

(b) rCurri > rReqi

1152 560 0.691667

768 560 0.864583

691.2 560 0.905093

614.4 560 0.946875

570 560 0.989474

Fig. 7 Linear uncertainty distribution pattern for the utility

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

z1 z2 z3 z4 z5 z6 z7 z8 z9 z10 z11 z12 z13 z14

z1 0 1 1 0 0 0 0 0 0 1 0 0 0 0

z2 1 0 1 0 0 0 0 0 0 0 0 0 0 0

z3 0 1 0 1 0 0 0 0 0 0 0 0 0 0

z4 0 0 1 0 1 0 0 0 0 0 1 0 0 0

z5 0 0 0 1 0 1 0 0 0 0 1 1 0 0

z6 0 0 0 0 1 0 1 0 0 0 0 1 0 1

z7 0 0 0 0 0 1 0 1 0 0 0 0 1 0

z8 0 0 0 0 0 0 1 0 1 0 0 0 1 0

z9 0 0 0 0 0 0 1 1 0 1 0 0 1 0

z10 1 0 0 0 0 0 0 0 1 0 1 0 0 0

z11 0 0 0 1 1 0 0 0 0 1 0 0 0 0

z12 0 0 0 0 1 1 1 0 0 0 0 0 0 0

z13 0 0 0 0 0 0 1 1 0 0 0 0 0 1

z14 0 0 0 0 0 0 1 0 0 0 0 0 1 0

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(6)

There are different algorithms proposed to find the nearby
cameras using the nearest neighbor. However, while finding
the nearest neighbor, the important thing here is to find the

cameras it that do not need QoS upgrade, as their QoS is
already in the desired QCI and bandwidth.

In typical cases, the adjacency vector-based solution is
used. In such cases, for each camera, there is a vector which
has information about the every other camera as shown in
the matrix (6). This is a very expensive data structure, as
there is a space of �(N 2) needed. The searching of nearest
camera and excluding the camera’s which do not require QoS
manipulation requires a mere vector XOR operation, and this
requires O(N ) operation at most.

There is a need for a better algorithm than the above
mentioned adjacency vector based one, which can take
more realistic parameter (e.g. subject’s varying speed), and
requires lesser space.

The algorithm proposed is based on the following: we
select a universal point omega (�), from where the distance,
d(�, k) is computed for a query camera k. Let C be the set
containing all the cameras. This set can be divided into three
sets as under:

⎧
⎨

⎩

C1 = {
k ∈ C : d(�, k) ≤ (R − λ)

}

C2 = {
k ∈ C : d(�, k) ≥ (R + λ)

}

C3 = {
k ∈ C : |d(�, k) − R| ≤ λ

} (7)

Here, for a given R and λ, C1 contains the cameras which
are in neighbor of k, C2 contains the camera which are not
the neighbor of k and C3 contains the cameras which are
again neighbor of k, but do not require the QoS upgrade
as they already have the desired QCI and bandwidth. As
an example in Fig. 9, at the time Tb, C1 contains Z12 and
Z6, C2 contains Z4 and C3 contains Z5. Since Z5 was Z4’s
neighbor at time Ta, hence, it do not require the QoS setting
again.

Algorithm construct proposes a tree like structure, where
C3 is added as a commonmap to C1 and C2. This will ensure
that a binary tree is constructed and while searching the tree,
in a specific node read, the common cameras are identified
along with the new cameras. This will help in setting the
QoS of the cameras which are not in “common map”. In
the algorithm construct given below, the node consists of
“common map” and “data map”. The “data map” contains
the camera, which require the QoS calibration. On the other
hand, the “common map” contains the camera which are
common to more than one nodes.

Furthermore, in each Cj, there is an index value RLO and
RHI, which marks the lowest and highest bound of distance
value [17]. These index values will be used to optimize the
search of the neighbor cameras. For example, while querying
for camera q for a given radius r, it is not important to look
for a Cj, till, [d(�, q) ≤ RLO − r ], or[d(�, q) ≥ RHI + r ].

In field, it is important to identify the value ofR andλ at the
run time. So, at a given time, based on the speed of the subject,
these values will be identified: R will be computed based on
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Fig. 8 a City map path taken by different subjects; b camera zone graph constructed based on path followed

speed and time. For example, if the subject is moving at a
speed on 60 km/h, then the radius R can be 32 m if the Ta
is chosen for every 2 s basis. Similarly, λ is chosen as the
difference of |Ta − Tb|. The time utilization pattern can be

computed based on the subject’s observation or as decided
by the operator. In any of the cases, the algorithm effectively
reduces the number of camera’s which requires the QoS to
be tweaked with.
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Analysis of algorithm construct

The algorithm construct works on the concept of obtaining
median, which requires N time for N elements present. Fur-
thermore, it requires a constant time η for computing the
common cameras which are appended to the either side of
the tree. Hence, in terms of recurrence, this can bementioned
as:

T (N ) = 2T

(
N

2

)
+ N + η. (8)

Since, T (1) = c (a constant) and taking N = 2k , summation
of k levels lead to

T (N ) = kcN + cN + kη

T (N ) = Nc log N + cN + η log N

∼ T (N ) = �(N log N ).

Analysis of algorithm search

The algorithm search works on the concept of the searching
a binary tree, which in usual cases yields a performance of
�(log n+ 1). The search algorithm proposed for the camera
search also is under the same range.

Impacts of motion variation

Now, let us consider a case, where the speed of the subject is
varying and this requires the nearest neighbor radius is also
varying [18]. In such a case, there is a tolerance, which needs
to be taken into account for the Eq. (7).

In such a case, the radius of C1, C2 and C3 will be
impacted. Let there be a factor defined, 0 < β < 1 by which
the radius varies. In such a case, if the subject’s speed is more
in time Tb than Ta, then to find the q in the radius Rwill mod-
ify to d(�, q)−βR. On the other hand if the subject’s speed
is more at time Ta than Tb then to find q in the radius R will
modify to (1+ 1− β)R. So, in this case, to find q, in radius
R, will modify to (2 − β)R − d(�, q) .

If Ta[speed] < Tb[speed]
⎧
⎨

⎩

C1 = {
k ∈ C : d(�, k) ≤ (βR − λ)

}

C2 = {
k ∈ C : d(�, k) ≥ (βR + λ)

}

C3 = {
k ∈ C : |d(�, k) − βR| ≤ λ

} (9)

If Ta[speed] > Tb[speed]
⎧
⎨

⎩

C1 = {
k ∈ C : d(�, k) ≤ ((2 − β)R − λ)

}

C2 = {
k ∈ C : d(�, k) ≥ ((2 − β)R + λ)

}

C3 = {
k ∈ C : |d(�, k) − (2 − β)R| ≤ λ

} (10)
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Fig. 9 Camera zone selection for subject S1 at different time T

Fig. 10 Tolerance captured in
the algorithm due to speed
variation of the subject

Analysis of the experiment

In normal 3GPP communication world, the iterations are
done based on subscriber identification (e.g. MSISDN) or
IP addresses. However, while using this architecture for IP
based video surveillance, one thing to note is that the sub-
scriber identification or IP addresses may be insufficient to
effectively do the policy and QoS control.

In Fig. 6, on receiving the AAR, to modify the policy and
QoS characteristics for the Cam-5 in zone 3, the PCRF have
to first reset the policy and QoS characteristics for the Cam-1
in zone 1. Thing to note is that the zones 1 and 3 do not share
the same IP prefixes. In such a case, the PCRF have to use the
Subject-id sent in the AAR to match, if any other cameras in
any other zone have been prioritized.

Hence, PCRF has to maintain additional data structure to
keep a track of subject.

Furthermore, in 3GPP defined network, the primary or
default bearer which is set when the camera is powered-on,
have a non-guaranteed bit rate (non-GBR) QoS class indica-
tor (QCI) [12]. This means that there is a potential threat of
data to be lost, as the maximum bit rate (MBR) value at a
time can be zero also, since the GBR does not apply for such
bearers. To avoid this data loss, on setting the priority, an
additional dedicated or secondary bearer will be setup which
has a GBR QCI. This helps in avoiding the cluttering of the
media which is being sent.

Important thing here to note is, that GBR QCI consumes
more power and network resources, so, it is advisable to
modify the QCI as soon as the requirement is over. The call
procedures defined in the “Calculations and results”, pro-
poses this.

Furthermore, the use of the uncertainty distribution,works
as a sufficient and necessary condition for the given utility
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function about the kind of uncertainty distribution which it
follows.

The algorithm proposed reduces the number of RARmes-
sages send in the network, as it identifies the cameras which
already has the desired QoS.

On doing the comparison of adjacency vector based
scheme with the tree based scheme, we obtain that the tree
based scheme performs better than the adjacency vector
based scheme. Also, the tree based scheme can take different
real-time parameter like subject’s motion into account while
defining the nearest cameras. Figure 10 captures the plot of
tolerance in algorithmdue to speed variation at different time.

Benefits

Installing the bandwidth statically for a large number of cam-
eras is a resource wastage for an operator in cases where the
views are not a priority at a specific time. Hence, to adapt the
QoS dynamically when there is a need is the key of the day.
Also, scheduling the camera with the automated machine
learning techniques helps the operator in pin-pointing the
tasks required without involving much of the human errors.
The paper presents a solution where policy and QoS issues
can be eliminated while tracking of a moving subject. Set-
ting of correct priority of the view makes it distinct from
the others. It becomes very important to effectively view the
subject when the network becomes congested. Also, stream-
lining the view in such scenarios becomes quite important as
there are too many cameras to be observed. The algorithm
proposed also reduces the number of RAR in the network by
identifying the cameras which already have the desired QoS.

Conclusion

IP-based remote surveillance proposes a challenge to view a
given subject in real time. These challenges become graver
as there are inherent QoS issues with the IP network. PCRF-
based surveillance promotes a state-of-the-art solution as it
rightly fits into standard 3GPP promoted network. The solu-
tion rightly computes the uncertainty in the QoS at different
point of times and overcomes it by using the algorithm pro-
posed in the paper.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
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