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Pictorial depiction on controlling 
crowd in smart conurbations using 
Internet of Things with switching 
algorithms
Hariprasath Manoharan 1*, Osamah Ibrahim Khalaf 2, Sameer Algburi 3 & Habib Hamam 4,5,6,7,8

The proliferation of smart conurbations entails an efficient system design for managing all the crowds 
in public places. Multitude controlling procedures are carried out for controlling compact areas 
where more number of peoples is present at several groups. Therefore for controlling purpose the 
proposed method aims to design a pictorial representation using Internet of Things (IoT). The process 
is carried out by taking images and then organizing it using switching techniques in the presence of 
square boxes where entire populace is identified on real time experimentations. For processing and 
controlling the occurrence a separate architecture is designed with analytical equivalences where all 
data set is stored in cloud platform. Further the incorporation of system model is carried out using 
Switching Based Algorithm (SBA) which adds more number of columns even for high population cases. 
In order to verify the effectiveness of proposed model five scenarios are considered with performance 
evaluation metrics for SBA and all the test results provides best optimal results. Moreover the 
projected model is improved with an average percentage of 83 as compared to existing models.

Keywords Crowd management, Internet of Things (IoT), Image processing, Switching network

The problem of multitude management technique which is considered as a usual process by several forces needs 
some of the advanced technologies for controlling purpose. Most of the systems that are designed for monitoring 
multitude can able to detect few people in the public places. Even though many systems are designed with power-
ful camera structures the procedure of classification and pre-processing remains un-established. However during 
such investigations it is found that Internet of Things (IoT) with image processing technique proves to be better 
method for monitoring more number of crowd in any public places or buildings. In addition many government 
and non-government agencies prefers establishment of IoT in their work stations for managing and accumulating 
multitudes in some places. The contextual information that is shared in IoT procedure is that access from different 
locations can be enables within short period of time. Additionally it is possible to connect n number of devices with 
additional security features in many relevant smart accessing expedients. Moreover in IoT procedure the problem 
of congestion can be avoided completely using loop framework model that observers different situations using 
removal of unwanted components in the system this transmission devices can be reduced in the integration process.

In the proposed method it can be observed that various types of intelligence such as human, artificial and 
collective procedures are combined to collect information in a useful way. Due to presence of more number of 
individuals it is necessary for an identification method that combines the above mentioned intelligent techniques 
even in presence of different switching characteristics. Further to maximize operational efficiency in smart cities 
under various sequence as no order of arrangements are made and the process is considered with distribution 
techniques it is much difficult to identify whole set of individuals if more crowd is present without any limitations. 
Therefore the collective strategies with distinct intelligence with agglomerations is combined with IoT where by 
identifying core infrastructure it is possible to manage the presence of crowd in an effective way. Further the IoT 
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process contains communication modules that provides fast access link for providing communication between 
one machine to another machine that comprises of futuristic standards. Figure 1 portrays the block diagram of 
crowd management system using IoT process that starts with crossing point identification of both administrator 
and corresponding user. This procedure of integration is termed as application conception that provides quick 
point of transmission using secured cloud storage platform. In the storage device many images are stored and 
it is used as reference for identifying number of identical people crossing the same area. The above mentioned 
storage platform is followed by tracking systems that manages entire crowd by informing the people crossing 
n number of times. In addition a separate wireless monitoring station is used for processing the sensor layer 
output to all end users. The information is passed using a wireless receiver using counting and detection stages 
and finally it will be displayed in the designed applications. Moreover the above mentioned block diagram that is 
implemented for design purpose reduces higher complexities in all surrounding areas which in turn minimizes 
the group formation thus enabling better healthy environmental conditions.

Literature survey
The process of exploration using IoT twitches by observing all the existing models as the same process needs to 
be elevated with new and novel design paradigms. Therefore it is essential to have complete knowledge on exist-
ing methods regarding crowd management process. Usually the crowd management is carried out by directly 
implementing the design without any representations that are relevant to mathematical models. But some of the 
researchers have formulated the basic representations that support to build the entire process with step-by-step 
procedures.  In1 a dynamic mode of operation is carried out to control the crowd where a feedback technique is 
enabled in all smart cities and even at rural areas. The dynamic operation is examined under various scenarios 
that provide support to three different applications such as transportation, shopping and disaster management. 
All the above mentioned applications can be controlled by automated mode of operation thus the accomplish-
ment of feedback procedures is observed as undesirable component in the entire system. For carrying out auto-
matic operations a Lagrangian model is  proposed2 that switch all the random process in the crowd from large 
sector areas. The Lagrangian mathematical representations are specially designed for perambulators using two 
dimensional representation where acceleration segments are completely avoided. But the major drawback in 
the system design is that when entire crowd is monitored both position and acceleration parameters are much 
important as they are considered as external force measurements.

Apart from smart cities there are some multitudes that exist in  buildings3 and a wireless module is designed in such 
cases for monitoring it for long range distance. Even though the wireless module ranges high it is not essential to imple-
ment it in smart building as short range modules with much lower cost exists in the market. Though the implemented 
long range module is used in smart buildings it augments artificial intelligence as an advanced technique thus making 
all the nearby places to be examined under same device without any variations. In addition all the physical movements 
are monitored using a partial derivative equation that uses a separate catastrophe theorem for predicting the necessary 
solutions under emergency  conditions4. The benefit of derivative model is that it is used for monitoring residents in 
highly density areas where all critical points are focused using square shaped structures. Yet the density model is designed 
using one dimensional incident that fails to observe all the surrounding users in entire crowd. The above mentioned one 
dimensional model is extended in a moving platform in order to monitor all lively nature of foot bridges where most 
of the people usually  gathers5. The technique of sentient measurements are carried out under a special condition which 
is termed as motionless interaction areas. Even though many areas are monitored with zero motion conditions there 
are some special cases that use adjacent trembling process with human induced vibrations. Instead of using peripheral 
vibrations the controlling procedures can also be implemented using IoT  platform6 where an intelligent detection 
model is created for making all the members to function in an effective way. Additionally simulation results are carried 
out using a separate communication unit that enables the users to manage all types of difficulties in expanded network 
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Figure 1.  Block diagram of crowd management system.



3

Vol.:(0123456789)

Scientific Reports |        (2024) 14:12650  | https://doi.org/10.1038/s41598-024-61993-5

www.nature.com/scientificreports/

areas. Conversely if the network is expanded to sixth generation the bandwidth and other specifications needs to be 
modified thus making entire system to be re-designed in such conditions.

The traces of crowd in public management system is monitored using flow rate of wireless  modules7 where all the 
system data is counted. In this counting stage it is not possible to predict the number of human interference as no expla-
nation on such procedures is provided. On the other hand the process is exploited using human interface technique that 
supports the regressive models based on automatic management procedures. Furthermore with regression model neural 
networks are established that predicts the entire flow rate in the wireless modules. Some of the researchers in Arabic 
 countries8 created a unique model for crowd detection and management procedures using the hidden unit in the form of 
images with IoT. A new architecture is framed using existing data set and it is compared with current values in the entire 
network where security problems can be easily deciphered. Though security constraints are enhanced a surveillance 
camera must be connected for detecting all live pictures in the public and in this case it is converted to open problem-
atic case. With additional bounded domains a theoretical framework is processed using kinematic representations that 
checks the geometrical domain if IoT procedures are  implemented9. The aforementioned geometrical representations 
are made by distributing the weights and parameters to the crowd only in exist zone regions. Due to such distributions 
only certain zones are monitored whereas other conditional zones are left unloaded. Consequently to monitor all zone 
regions edge computing procedures are determined with scheduling  measures10 using low powered devices where 
low resources are allocated in the system. Since only few resources are allocated the efficiency of the device cannot be 
improved if more crowd is present in some places. A potential method on sensing crowd with potential limitations is 
 established11 using data analytics technique where it is possible to forecast all the complex urban environments without 
any delay. Such advantages in the system provide high safety thus making the data to be integrated in near future. Some 
of the future advances for developing the model are discussed using virtual reality  procedures12–15. Thus by considering 
all the above mentioned developments efforts are made in constructing a new system model with better optimization 
techniques that are discussed in subsequent sections and the comparison with existing works are provided in Table 1.

System model for crowd management
Since a fixed infrastructure is present in all public places a large amount of crowd is much difficult to handle thus creating 
complex environments where more individuals suffers with exhaustion problems. In addition even if adequate plan-
ning procedures are made there is more change of disaster of overcrowding occurs is fixed cases. It is also observed that 
in fixed environments if more number of individual gathers then the amount of risk will be much higher where both 
prevention and management cannot be processed without introducing advanced techniques and intelligent screening 
process. Moreover different methods are even followed to reduce the crowd with appropriate planning procedures where 
every individuals moves from side-to-side but at the same time if density increases then a challenging condition exists. 
Therefore for prevention cases IoT procedures can be followed for better identification in presence of confined spaces. 
The problem formulation using IoT determines the type of design to be installed for managing the entire multitude in 
either small or big area platforms. Usually an analytical model is designed for integrating the hardware and loop forma-
tion with coding integrations. In the proposed method, the formulations are designed using image processing (involves 
both pre and post processing steps) where entire image is captured using highly classified cameras. Additionally the 
projected model monitors large number of crowds in public gatherings thus dynamic variations will be noted for each 
variations with respect to time periods. Thus the dynamic variations is formulated using Eq. (1) as follows,

where,
mi and oi denotes poignant and overall number of individuals in the entire crowd.
Equation (1) denotes the increase in dynamic variations which is represented using composite matrix. But 

the overall multitude in the entire area is represented in the form of transmission function which is used for 
converting composite matrix to representations in time domains. During this conversion process an alarm will 
be indicated to make the individuals shift from more crowded to uncrowned areas which are indicated using 
device formulations as represented in Eq. (2).

(1)dvi =

n
∑

i=1

mi ∗ oi

(2)ci = max

n
∑

i=1

τi ∗ din

TMi

Table 1.  Existing vs. proposed. A: IoT transmissions and dynamic features; B: identification of flow rates; C: 
data lag periods; D: data loss.

References Methods/algorithms

Objectives

A B C D
16 Collaborative edge computing for crowd management ✓ ✓
17 Maximum polling for crowd localization with supervised algorithm ✓ ✓
18 Geographic characteristic analysis for crowd identification in urban areas ✓ ✓
19 Risk identification for physical contacts using dynamic analysis ✓ ✓
15 Mass crowd management with radio frequency identifications ✓ ✓

Proposed Switching based algorithms with Internet of Things for crowd identification and control ✓ ✓ ✓ ✓
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where,
τi indicates the association between different types of devices, din represents variations in type of different 

devices, TMi describes total number of members in the crowd that is recorded in the communicating devices.
Equation (2) is established as first objective function that is used for maximizing the association matrix. The 

association matrix provides a set of relationship where only captured people are represented with transformation 
values. However there are few number of peoples where the camera fails to capture the images and a separate active 
and downcast time period intervals are represented for providing differentiation between the two cases as follows,

where,
ta , td and tin denotes active, downcast and total time period representations.
Equation (3) denotes second objective function which is used for minimizing flow rate of representations in 

two different phases. Since many users are represented in the open raised area there will be some time period of 
delay to shift from one place to another. This delay is denoted as lag time and is represented using Eq. (4) as follows,

where,
σt represents the time period of shift.
The time period of shift must be minimized in order to control the dead rate of components. Thus to prevent 

this loss function is defined using Eq. (5) as follows,

where,
outi represents the output of shifting periods, Gi indicates the number of pulverized veracity segments, N 

describes total number of iterations.
The pulverized veracity segments are measured for each object with respect to location of pixel values which 

is formulated using Eq. (6) as follows,

where,
pri and poi denotes reference and original pixel values respectively, ϑi indicates total number of nearest 

neighbors.
Thus the objective function is represented by combing the minimization and maximization functions from 

Eqs. (1)–(6) as follows,

Equation (7) indicates a two objective case where minimization problems are subject to flow rate, loss and 
lag functions whereas maximization problems are subject to maximization of communicating devices. The 
abovementioned objective function is formed in a loop matrix that is integrated with optimization algorithm 
which is described in subsequent section.

Optimization algorithm
Since a computer based vision matrices with image set classifications are used for identifying the entire crowd 
in a large sectional area it is essential to improve the accuracy of detection using unit classification optimization. 
Therefore in the proposed technique a Switch Based Algorithm (SBA) is used in detection process using three 
distinct unit types. Even in the presence of different data transmission techniques SBA provides greater flexibility 
and adaptability over changing environments as large amount of crowd is sorted with proper identification with 
square boxes. An IoT monitoring device detects various individuals but at the same time more frame collisions can 
be observed within short period of time which makes identification process to remain at half complex modes. But 
with SBA and IoT processing units a straightforward identification mechanism can be followed thus frame colli-
sions are avoided completely. The primary benefit of SBA is its ability to accommodate a greater number of columns 
for identification instances, ensuring accurate identification of the entire crowd in both the inward and outward 
directions. In addition, unlike previous techniques, this algorithm incorporates a density support matrix into the 
column vector, which accurately represents the local changes throughout the entire  system20–22. In SBA, the input 
is pre-processed using an image set, while the output is not represented using a classifier set. This distinguishes 
SBA from other networking algorithms that monitor crowd size. Moreover three different layers are chosen and 
for all layers a special filter is used in order to capture all low scale segments. The integration of proposed formula-
tion with optimization algorithm as shown in Fig. 2 is carried out using mathematical representations as follows,

(3)fa−d(i) = min

n
∑

i=1

ta + td

tin

(4)lagi = min

n
∑

i=1

mi(t)

σt(i)

(5)lossi = min

n
∑

i=1

outi(t) ∗ Gi

N

(6)gti =

n
∑

i=1

(

pri − poi
)

∗ ϑi

(7)obji = min

n
∑

i=1

fa−d(i), lossi , lagi ,max

n
∑

i=1

ci
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where,
αi indicates accuracy of all changing categories with time period, Iq denotes the quality of image set.
Equation (8) represents the performance evaluation of SBA with respect to image quality factor. This the 

variation in count values is represented using difference Equation as follows,

where,
countp and counto indicates the expected and original count respectively.
From Eq. (9) is it indispensable that more variations in the count with respect to changing pixel values must 

be minimized. This minimization factor is subject to image axis determination case which is represented using 
Eq. (10) as follows,

(8)Pi = max

n
∑

i=1

αi(t)

Iq

(9)counti = min

n
∑

i=1

countp(i)− counto(i)

(10)Fi =

n
∑

i=1

I
(

x, y, z
)

+ γi

START

Initialize variables as given in 

Equations (1) and (8)

Reset the overall number of iterations and 

maximum population of each selected area

Integrate the objective functions as given in 

Equation (8) and observe the crowd status {0, 1}

Calculate the precise population outcomes 

by observing the number of devices

Compute the count difference function of 

each allocated area

Determine the loss and log values of each 

device using Equations (4) and (5)

STOP

YES

Is precise 

outcome 

reached?

Generate the exposed image values and 

print the best values

NO

Figure 2.  Flow chart of SBA for crowd management.
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where,
I
(

x, y, z
)

 denotes image representation matrix is three axis form, γi represents additional moment frame in 
three axis.

The probability values of exposure time in x,y,z axis is represented using threshold values as it is a vital fac-
tor that all images must be exposed in large sectional area. This exposure image in SBA is represented using 
Eq. (11) as follows,

where,
dc indicates critical distance value that cannot be captured.

Input: Initialize the dynamic variations with overall and poignant population values 

≤ ≤ , ( ≤ ≤  and performance evaluation values of SBA ;

Output: Optimized values for realizing entire crowd positions using x,y,z axis with best image 

representation values at good count rate;

Step 1: At first, the objective function is constructed with the minimization and maximization 

function using ;

Step 2: Initialize the association matrix factors in  and y co-ordinates that must be followed by 

two dimensional boundary index  and variation in count values with 0 ≤ ≤ 1, and its 

changing pixel values  with the indication of additional frame structure;

Step 3: While ( < ) do.

Provide the information about varying device values with representation of total 

members in a systematic way for computing the population in large structure by using 

Equation (2);

Verify the value of flow rate with respect to changes in active and downstate filter 

values using IoT signals ―  for identifying the flow change values;

If the flow rate change is higher ―  is not at  ( ― < ) do

Modify the periodic representations using both active and downcast values that is 

having different x,y,z axis using Equation (3) ―  with 1 ≤ ≤  into N 

number of transformation matrix values;

// Counting phase

Update the count values with transformation matrix values by generating the 

expected and original values using difference values as shown in Equation (9);

//Frame exposure phase

Select the axis determination and additional factors with measurement of random 

distance values  as defined in Equation (10);

Update the modified count using Equation (9) with proper original and reference 

values followed by the rationalized distance allocation mechanism, and compute 

the new position values  as defined in Equation (11);

The ground truth vector of nearest neighbors in x, y and z axis co-ordinates is 

updated by using Equation (6);

= +1;

       End;

Step 4: If ( < 0) then

←0; //Interchange the existing solution in the current loop with the new solution;

End if;

Step 5: If (  [0, 1] < 1) then

Re-initialize the lost values with new segments;

Obtain the overall best solution;

End if;

Step 6: If ( < ) //Existing solution is replaced with the new solution

      = ;

min) = ; //Attain the most feasible solutions for determining the overall best 

solution;

Increment the count  by 1;

Return the best overall solution;

              End;

(11)Ei =

n
∑

i=1

dc(i) ∗�ti
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Algorithm—Switch Based Algorithm (SBA)

The aforementioned loop formation is implemented in software and if looping conditions are found to greater 
than expected number of iteration then loop process will continue until end state is reached. All the loop forma-
tion is simplified and it is mentioned using a separate flow chart that tracks the objective functions.

Experimental results
This section examines the verification of IoT process for monitoring entire crowd in selected areas using image 
processing systems. Also the entire hardware setup is designed in such a way to test in a particular area whether 
the people in the public places can able to move to other locations in case of dynamic management systems. The 
designed formulations are applied in the hardware model where it is directly connected with simulation setup 
using MATLAB and the deviations are further noticed in accurate way. However in the construction design it 
is necessary to check the length of intervals as it varies to certain extent therefore a time domain analysis is cre-
ated in the simulation setup. In case if there is large variation in parametric values then stability of the system is 
affected thus group of images is subject to disgust conditions. To avoid such conditions entire crowd is monitored 
at same time using square image boxes and if it crosses a certain limit then velocity of corresponding groups is 
decreased. For real time simulation results both the formulated system model and optimization algorithm is 
examined under the following scenarios.

Scenario 1:  Monitoring dynamic variations.
Scenario 2:  Maximization of transmission unit functions.
Scenario 3:  Flow rate in the system.
Scenario 4:  Minimization of lag functions.
Scenario 5:  Performance evaluation of SBA.

In the proposed method the IoT setup with hardware components that are integrated with various modules 
such as processors (Raspberry pi), Portable cameras, Switch based cameras, wireless data transmission networks, 
internal and external power setup is converted to an equivalent representation where a data processing toolbox 
with IoT is represented using MATLAB. As indicated in Table 2 all data metrics is defined properly in MAT-
LAB and a direct way of indication is made only for analyzing data outcomes thereafter indications are made 
with presence and absence of various population groups. For real time identification of growing population in 
limited boundary regions it is essential to implement complete smart assessments systems interconnected with 
edge computing models with centralized IoT infrastructure therefore in the proposed method Things speak 
application which indicates complete time loops are combined as direct representation procedure. Since Things 
speak is used for observing outcomes all visualizations in fixed infrastructure can be captured at instant time 
period whenever a new data is observed. The above mentioned direct representations can also be observed with 
individual web pages thus alerts are provided for overcrowding situations where necessary actions are generated 
without any delay. The data set for validation is observed with various groups that are clustered at different places 
where images are collected and processed from existing data set.

However in the proposed method human participants are not involved for gathering data set whereas only 
the indications are made for 1000 people under 10 groups with the existence or nonexistence. Further no other 
information is collected even if existence state representations are made thus only square box indications will 
be provided in projected model. Table 2 indicates the data metrics for proposed method that is processed with 
simulation setup and the prototype for live crowd monitoring is illustrated in Fig. 3. All the five scenarios are 
carried out with different destination thus making entire velocity values of separate groups to be converged 
at similar positions. In case if the position varies then grouping factor will diverge without any fixed values. 
Therefore to avoid this situation velocity periods are noted thus providing best link and assessment to entire 
crowd sections with low network congestion problems. In the proposed method congestion rate is reduced for 
an amount of less than 42 percentage thus entire data set is added without any collision in the memory system. 

Table 2.  Data metrics.

Parameters Total number of initializations

Number of states 100

Number of measurements 17,800

Box particle filters 1470

Filter state vector 10

State extensions 245

Cluster radius 5.6 m

Number of individuals 1000

Switching time 15 s

Error deviations 0.1

Identification resolutions 640 × 480
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The detailed description and simulation outcomes are described for each scenarios as follows and the significance 
of scenarios are listed in Table 3.

Scenario 1
The dynamic variations in the entire crowd are always a challenging phenomenon to be detected as variations 
usually occurs in a large area and it cannot be controlled. Therefore for monitoring purpose overall random 
population in a particular area is provided at earlier stage. This type of memory organization is usually carried 
out in crowd management process and it is termed as orientation procedure in IoT process. In this case images 
of every entities are taken and stored in the system in order to alert the time of presence in a particular loca-
tions. In this process a square box is used for indicating the time periods using green and red color marks where 
if a particular individual crosses the time limit then red mark is indicated. This restraint is provided to central 
monitoring station thus in turn alerting the individual to move from certain position. After observing the interval 
position changes in current locus is reproduced which provides destination values of dynamic movements in the 
crowd. The dynamic variations that are simulated with SBA are represented in Fig. 4.

From Fig. 4 it is pragmatic that five different overall populace is chosen from 500 to 1000 in a random vari-
ations. From the random variations only 35 to 40% of individuals are in diverse location whereas remaining 
individuals are in static positions. This static position makes the raise in alarming conditions which directly gives 
rise to dynamic variations in the system. These variations are compared with existing  models5 with respect to 
time periods and it is detected that proposed method provides better dynamic behavior as compared to other 
methods. This can be proved for large population where 1000 number of individuals are present where for each 
variation the total corresponding period is equal to 56 s in case of projected method. With same population 
category existing method provides a variation of about 136 s which is much higher than expected values.

Scenario 2
The number of transmission units provides certain information for all the output cases that guarantees good 
association between the connected units. To establish a good communication unit it is essential to produce 
number of variations with respect to device connection. Thus in the proposed method for identifying crowds 
in the entire area some changes in the communication devices are made and established. Usually the above 
mentioned establishment is made by converting complex functions to time domain representations as for each 
time varying factor a set of values will be generated. Also different mode of devices will function effectively only 
when all individuals are captured separately therefore this scenario gives raise to two different association matrix 
which are allocated for captured and non-captured images. In the final transmission device representation it is 
required that maximization of transmission units must be processed only for captured images after separating it 
from total number of members in the entire multitude areas. Figure 5 indicates total number of communicating 
devices with variation factors.

From Fig. 5 it is realistic that proposed method captures all images in the crowd with changing communica-
tion and transmission unit. For experimental verification the number of good association after time domain 
conversion is considered as 12, 16, 24, 36 and 40 respectively. The five different association matrix are observed 

Figure 3.  Implementation prototype for live crowd management systems.

Table 3.  Significance of scenarios.

Scenarios Importance

Monitoring dynamic variations To indicate the changing states and orientations for overall population

Maximization of transmission unit functions To observe better indications in transmission units in presence of large crowds

Flow rate in the system To analyze immediate response on overcrowd situations in limited boundaries

Minimization of lag functions To provide solutions for delayed responses and identification factors

Performance evaluation of SBA To observe all changing category of images with switching algorithms
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for variation factors of 2, 3, 5, 7 and 8 that constitute as a separate exemplification. During the above mentioned 
disparities number of communicating device for proposed method is lower as compared to existing  method5. 
This can be demonstrated with big association matrix of 40 with 8 distinct discrepancies and during all these con-
sidered aspects the proposed method uses only 18 number of transmission unit from one end to other whereas 
existing method implements 46 different units. This in turn increases the complexity of existing method with 
more number of association matrix formations and hence it is avoided in proposed model.

Scenario 3
After conversion of time domain representations three different time periods are chosen for determining the 
actual flow rate in the entire system. This type of scenario examination is carried out using active, downcast and 
total time period representations. The major reason for dividing such time period representation is that flow 
rate in the system must be minimized. In addition the flow rate is minimized for reducing the speeding up level 
of every individual in the crowd as their images are not captured in previous case. Due to inappropriate image 

Figure 4.  Dynamic variations in multitude.

Figure 5.  Communicating devices with variation factor.
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capturing process two different time periods are added and it is separated from total time period as represented 
in Eq. (3). As a result of this separation flow rates are adjusted at proper proportion thus secondary conversions 
are made from worst association matrix to good time period representation values. The simulation results for 
determining the flow rate is explicated in Fig. 6 with optimized association matrix level.

From Fig. 6 it is detected that active time period representations are varied from 120 and later it is adjusted 
in distinct ranging types as 240, 360, 480 and 540 respectively. For each active time representation the downcast 
time in seconds is marked as 7, 13, 15, 16 and 19 which indicates that only small time periods are permitted for 
determining the amount of flow rates. During the above mentioned time period representation variations for 
both proposed, existing  methods5 are simulated and compared. From the comparison outcome it is much clear 
that time variations are much lesser in proposed method as most of the individuals in the multitude are captured 
correctly. This can be verified with active and down cast time periods of 480 and 16 s where during these periods 
the flow rate is much lesser for about 9 s in case of proposed method. With same variations in time periods exist-
ing method provides a flow rate of about 26 s and it is much higher than expected.

Scenario 4
In the operative period of crowd monitoring using image capturing and analysis system there will be presence 
of delay in case if there are more number of individuals in a particular area. But one of the main objective func-
tions in the proposed method is to minimize the amount of lag capturing function in the entire system. This lag 
function is calculated for both captured and non-captured images during time domain representations with a 
period of shift. Generally the shifting values are considered in order to reduce the dead rate of components in the 
connected transmission arrangement. For the above mentioned minimization problem only moving individuals 
are considered in order to avoid unwanted depictions for entire time period. Further the lag functions must be 
present in lower values which is less than 30 s duration for images that needs to be captured. If the lag period 
turns above 30 s then images can only be represented in complex transformation matrix and this is processed 
for separating normal images from non-captured models. Figure 7 denotes the lag time simulation results for 
moving individuals.

From Fig. 7 it is much clear that lag time which is represented in seconds is much lesser for proposed method 
as compared to existing method. For real time experimentation total number of moving individuals is represented 
as 232, 287, 312, 354 and 432 respectively. The above mentioned poignant variations are mostly monitored for 
changes in time periods between 60 to 360 s. During such movements the lag periods in capturing image seg-
ments is equal to 25 and 27 for two distinct moving individuals whereas for remaining three individuals it is 
represented as 29 s which lies within the defined limit. But in case of existing method no constant lag time is 
found as more number of images is not captured within the stipulated time period. This can be substantiated 
for three movement individuals with lag factor of 47, 58, 63 s and after this values only the lag factor decreases 
to some extent but it crosses the limit that is provided in the reference function as 66 and 68 s respectively. This 
proves that with minimized lag functions the proposed system can function effectively even at moving intervals.

Figure 6.  Variations in time periods.
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Scenario 5
Image quality factor is one of the important metrics that is used in crowd management system as high image 
quality provides a clear overview of management procedures to be followed in the mentioned process. As a result 
the performance analysis of SBA using image quality factor is analyzed in this scenario with changing category 
depictions and final count is provided by difference in values between reference and current values in data set. 
This can be represented as a maximization function with separation between image set and changing categories 
in system model. In a normal process changing categories represents low, medium and high end images that are 
captured in the multitude and if it is much lower then only minimized values will be provided. Hence to avoid low 
image capturing system Eq. (8) is formulated and the entire count is provided in the output by continuous loop 
formation. Figure 8 denotes the simulation results for performance analysis using SBA with total count values.

From Fig. 8 it is clear that number of changing categories is much lesser and it is varied only in the count of 
2 or 3 such as 18, 20, 22, 24 and 26 respectively. For each changing categories number of image set is provided 
as 100, 230, 420, 500 and 560 which denotes that high quality images are provided. For these quality images 
the percentage of evaluation must be higher and if it above 87 percentage then best performance evaluation 
is assured for algorithmic cases. The above mentioned performance is achieved in SBA for all image set and 
changing factors. This can be tested with one small changing factor which is equal to 26 and high quality image 
that is captured in this case is 560 where during this period the performance evaluation of SBA is equal to 97 
percentage. Whereas with same conditions existing method provides performance valuation of 68 percentage 
which is much lesser than usual performance condition.

Figure 7.  Comparison of lag time.

Figure 8.  Proportion of estimation with image set.
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Conclusions
The new path that is used for representing IoT models can be implemented to solve various issues related to many 
applications. Therefore, a new design model for crowd management is proposed in the article using IoT system 
integration procedures. Also the projected system aims to solve all complex time domain representations with the 
presence of transfer function matrix. In addition the major impact that differentiates the proposed model with 
existing ones is that an analytical model is not provided with derivative functions. Hence the designed system 
provides a better insight about several viewpoints with optimization algorithm that provides better accuracy. 
Further one type of neural network algorithm with switching cases is added for changing the individuals from 
one location to other where three different layers will be used with counting measures. It is always necessary 
to provide a stable dynamic model in all the places where more number of groups is formed in order to find 
maximum replication cases using image processing technique. Thus in projected crowd management system 
a square frame structure is chosen for capturing all images and it is further characterized using green and red 
color indications. The abovementioned color representation will provide clear information about all the people 
in the public thus making proper computation using knowledge based representations. After assimilating the 
proposed model with SBA simulation results are taken for verification and accuracy detection and the same is 
compared with existing models. From the comparison results it is proved that proposed method which is meas-
ured in terms of flow rate, dynamic variations and lag time provides precise outcomes which are more than 83% 
of existing case studies. In future the crowd management procedure must be processed using robotic technology 
using artificial intelligence technique.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.

Received: 23 February 2024; Accepted: 13 May 2024

References
 1. Kawamoto, Y., Yamada, N., Member, S. & Nishiyama, H. Management in IoT. System. 4662, 1–11 (2020).
 2. Mukherjee, S., Goswami, D. & Chatterjee, S. A Lagrangian approach to modeling and analysis of a crowd dynamics. IEEE Trans. 

Syst. Man Cybern. Syst. 45, 865–876 (2015).
 3. Santana, J. R. et al. Special section on future generation smart cities. A privacy-aware crowd management system for smart cities 

and smart buildings. IEEE Access 8, 135394–135405 (2020).
 4. Xiaoping, Z., Jiahui, S. & Yuan, C. Analysis of crowd jam in public buildings based on cusp-catastrophe theory. Build. Environ. 45, 

1755–1761 (2010).
 5. Venuti, F., Bruno, L. & Bellomo, N. Crowd dynamics on a moving platform: Mathematical modelling and application to lively 

footbridges. Math. Comput. Model. 45, 252–269 (2007).
 6. Wang, K., Yang, Z. & Liang, B. An intelligence optimization method based on crowd intelligence for IoT devices. Int. J. Crowd Sci. 

5, 218–227 (2021).
 7. Duives, D. C., van Oijen, T. & Hoogendoorn, S. P. Enhancing crowd monitoring system functionality through data fusion: Estimat-

ing flow rate from wi-fi traces and automated counting system data. Sensors. 20, 6032 (2020).
 8. Alotibi, M. H., Jarraya, S. K., Ali, M. S., Moria, K. & Abdul, K. CNN-based crowd counting through IoT: Application for Saudi 

public places. Procedia Comput. Sci. 163, 134–144 (2019).
 9. Models, M., Agnelli, J. P., Colasuonno, F. & Knopoff, D. A kinetic theory approach to the dynamics of crowd evacuation from 

bounded domains. Math. Models Methods Appl. Sci. 25, 109–129 (2015).
 10. Sulaiman, M. et al. Machine learning-based prediction of heat transfer performance in annular fins with functionally graded 

materials. Sci. Rep. 14, 8801. https:// doi. org/ 10. 1038/ s41598- 024- 58595-6 (2024).
 11. Cecaj, A., Lippi, M., Mamei, M. & Zambonelli, F. Sensing and forecasting crowd distribution in smart cities: Potentials and 

approaches. IoT. 2, 33–49 (2021).
 12. Franke, T., Lukowicz, P. & Blanke, U. Smart crowds in smart cities: Real life, city scale deployments of a smartphone based par-

ticipatory crowd management platform. J. Internet Serv. Appl. https:// doi. org/ 10. 1186/ s13174- 015- 0040-6 (2015).
 13. Gong, V. X., Daamen, W., Bozzon, A. & Hoogendoorn, S. P. Estimate Sentiment of crowds from social media during city events. 

Transp. Res. Rec. 2673, 836–850 (2019).
 14. Pouw, C. A., Toschi, F., van Schadewijk, F. & Corbetta, A. Monitoring physical distancing for crowd management: Real-time 

trajectory and group analysis. PLoS ONE https:// doi. org/ 10. 1371/ journ al. pone. 02409 63 (2020).
 15. Khalaf, O. I. Elevating metaverse virtual reality experiences through network-integrated neuro-fuzzy emotion recognition and 

adaptive content generation algorithms. Eng. Rep. https:// doi. org/ 10. 1002/ eng2. 12894 (2024).
 16. Cao, J., Yu, Z. & Xue, B. Research on collaborative edge network service migration strategy based on crowd clustering. Sci. Rep. 

14, 1–20 (2024).
 17. Gao, H., Zhao, W., Zhang, D. & Deng, M. Application of improved transformer based on weakly supervised in crowd localization 

and crowd counting. Sci. Rep. 13, 1–10 (2023).
 18. Zhang, Y., Wu, S., Zhao, Z., Yang, X. & Fang, Z. An urban crowd flow model integrating geographic characteristics. Sci. Rep. 13, 

1–17 (2023).
 19. Wang, C., Shen, L. & Weng, W. Modelling physical contacts to evaluate the individual risk in a dense crowd. Sci. Rep. 13, 1–10 

(2023).
 20. Choudhury, A., Mudaliar, S. S., Hatkar, A., Singh, H. & Tasnin, W. Developing an IoT based mass crowd management system 

reviewing existing methodologies. In 2022 IEEE Int. Power Renew. Energy Conf. IPRECON 2022, 1–6 (2022). https:// doi. org/ 10. 
1109/ IPREC ON557 16. 2022. 10059 484

 21. Satpathy, S. et al. Consumer electronics based smart technologies for enhanced terahertz healthcare having an integration of split 
learning with medical imaging. Sci. Rep. 14, 10412. https:// doi. org/ 10. 1038/ s41598- 024- 58741-0 (2024).

 22. Bennour, A. et al. Contribution to pulmonary diseases diagnostic from X-ray images using innovative deep learning models. 
Heliyon 10(9), E30308. https:// doi. org/ 10. 1016/j. heliy on. 2024. e30308 (2024).

Author contributions
All authors contributed equally for drafts, software analysis, Integration of hardware, result analysis and checking.

https://doi.org/10.1038/s41598-024-58595-6
https://doi.org/10.1186/s13174-015-0040-6
https://doi.org/10.1371/journal.pone.0240963
https://doi.org/10.1002/eng2.12894
https://doi.org/10.1109/IPRECON55716.2022.10059484
https://doi.org/10.1109/IPRECON55716.2022.10059484
https://doi.org/10.1038/s41598-024-58741-0
https://doi.org/10.1016/j.heliyon.2024.e30308


13

Vol.:(0123456789)

Scientific Reports |        (2024) 14:12650  | https://doi.org/10.1038/s41598-024-61993-5

www.nature.com/scientificreports/

Funding
The authors thank Natural Sciences and Engineering Research Council of Canada (NSERC) and New Brunswick 
Innovation Foundation (NBIF) for the financial support of the global project. These granting agencies did not 
contribute in the design of the study and collection, analysis, and interpretation of data.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Pictorial depiction on controlling crowd in smart conurbations using Internet of Things with switching algorithms
	Literature survey
	System model for crowd management
	Optimization algorithm
	Experimental results
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4
	Scenario 5

	Conclusions
	References


