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Abstract - Video surveillance is one of the promising programs in the Internet paradigm of objects. In a multidimensional 
network architecture, we look at the heterogeneous development of sensor platforms as a key source of energy optimization 
for high-quality video surveillance applications that use the battery. In this paper, we propose a prototype of the 
heterogeneous wireless multimedia sensor network (WMSN), which consists of low-scalar sensor nodes and single-bay 
computers (SBCs). Since limited nodes are used to detect early mobility, SBCs The more powerful camera nodes are used, 
the camera nodes play a full-HD video (1080 pixels) continuously on a distant laptop during an event (when it is detected). 
In addition, a simple power model And simulation results simulate the lifetime of battery life (sensory nodes) ) For variable  
time intervals between events and have also provided for the event. 
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I. INTRODUCTION 

 

Over the past decade, Wireless Sensor Networks 

(WSNs) have greatly dominated many of the various 

applications in sensor and monitoring efficiency. 

Wireless Multimedia Sensor Networks (WMSNs) are 

among the paradigms of the Internet of Things (IoTs) 

that provide visual and audio sensors with richer data 

than conventional and conventional WSNs. 

According to industry forecasts, the future global 
Internet traffic will be broadly dominated by video 

traffic from various sources, including mobile devices 

and video surveillance networks. By the year 2020, 

Cisco predicts that 82 percent of the global IP traffic 

will dominate the video content, with video 

monitoring of 3.9 percent, more than 1.5 percent in 

2015 [1]. The scope of WMSN programs includes, 

but is not limited to, product monitoring in 

agriculture [2], supervision of patients in public 

health [3] and accidents in the care of the elderly [4], 

awareness of the situation in public safety [5] and 
video surveillance Unmanned Aerial Vehicles 

(UAVs) in civilian and military sensors. In spite of 

growing demands for video surveillance in many 

strategic, social, scientific, civilian and military roles, 

there are several technical questions when dealing 

with the practical development of WMSN. The three 

main challenges of a wireless video surveillance 

network (WVN) are power consumption, data delay 

and data quality [6]. Chiasserni and Magli claim that 

energy consumption and image quality are the 

primary factors that should be considered in 
designing a WVN. Unlike conventional SWN (in 

which the connection is the most energy consuming) 

in the WMSN, the sensing process can relate to a 

large portion of the device's power storage [7] and 

[8]. The reason for this is that the extraction of 

semantic information from multimedia data loads is 

compacted in terms of computational calculus [9]. In 

the previous work [10], we introduced a scenario in 

which mobility detection consumes more power than 

a real occurrence recorded in video monitoring. In 

contrast, in most regulatory scenarios, the distance 

between the events is considerably high and devices 

are more time consuming rather than sending / 

receiving data; therefore, ideal energy consumption 

(for example, the sensation process) is a predominant 

factor. Which affects the lifespan of the WMSN and 

requires more attention during the design of WMSNs. 

There are generally two ways to design a WMSN. 
The first is to select a sensor platform capable of 

performing large tasks (for example, video 

processing), and each node needs scalar and visual 

sensors. The product of this method is a 

homogeneous monolayer network of camera sensors 

that are capable of implementing a fully developed 

monitoring program. In this way, the choice of the 

sensor platform is determined by the task of 

monitoring with the highest request. This design 

technique provides distributed intelligence that can be 

linked to monitoring dynamic environments that are 
vast in scope and have many activities. However, this 

method is costly and requires more powerful 

computing devices with more. In addition, it is not 

optimal in energy, because it makes it easier to use 

tasks more efficiently when performing on these 

higher-caliber computing devices [11]. 

 

The second method is to use the existence of 

heterogeneous sensor platforms with various 

capabilities and power requirements. In this method, 

limited nodes are assigned to simpler tasks (for 
example, mobility detection using scalar sensors), and 

nodes with higher computing capabilities for tasks 

that require more (such as continuous video playback 

and target tracking). The product of this method is a 

heterogeneous WMSN system with hierarchical 

power operation that runs across a range of power 

levels. Elements can be combined to form an 

aggregated system, or they can be wirelessly layered 
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to form a multi-lanage network of sensors and 

cameras. 
In this paper, it is possible to address the energy 

efficiency and image quality in a wireless video 

monitoring system using the battery using the second 

design method described above. Controlling these 

issues with the following outcomes: 

 Propose a prototype of a heterogeneous 

multi-layer WMSN that has been developed 

with a full HD camera node using the 

Raspberry Pi (RPi) single-player computer 

and WasMPote's scalar sensor nodes for 

monitoring live video streaming. 

 Run a single-layer, full-HD event oriented 
WMSN video monitoring program using 

RPi as the base line benchmark. 

 A comprehensive quantitative analysis of the 

measured power consumption of the live 

WMSN test bed. 

 Extracting a simple power consumption 

model and estimating the lifetime of our 

proposed prototype battery. 

In addition, our test sample includes nodes layout on 

a device and network levels. At the device level, we 

combine a narrow-banded sensor node with a SBC to 
create an aggregated system (link) that inherits 

specific properties from its constituent layers. A 

similar design method (with a different purpose) was 

presented in Turducken [12] that lens the mobile 

devices to create an aggregated system, as their 

existence in a distributed system improves. At the 

network level, the sensor nodes were wirelessly 

layered to extend the detection range at lower cost 

and lower power consumption. 

 

II. DETAILS EXPERIMENTAL 

 

2.1. Performance 

In order to understand a multi-layered WMSN, we 

have segmented monitoring programs into motion 

detection and continuous video playback modules. 

Each of these tasks requires different levels of 

computing resources. While motility detection can be 

done with low CPU utilization, continuous video 

playback and video processing require high power 

CPUs. We ran tasks to a layer of devices, and we 

implemented the motion detection module on front-

facing devices (Layer 1) and continuous playback 
video modules in higher layer networks (Layer 2). 

Layer 1 and Layer 2 nodes communicate on a low-

energy Bluetooth link (BLE) that can provide 

external coverage of up to 100 meters. In Layer 2, we 

have our SleepyCAM power management, which is a 

device layer layering for optimal power consumption 

of the sensor sensor node. SleepyCAM combines a 

low-power microcontroller and a SBC that acts at 

different levels of power in a simple, dual-link 

device. The resulting device can operate at the power 

level of a low-power microcontroller or a SBC. The 
SBC is used as the camera's node and microcontroller 

as the camera's camera power manager (hence the 

controller node). 
The camera node is completely off during idle times 

and has no intention of receiving alert messages from 

layer 1 devices. Therefore, in the current operation, 

the SleepyCAM controller node is listening to BLE 

notifications sent from layer 1 node during an event, 

with one we’ve upgraded the BLE module. 

We used C programming to plan the Layer 2 

controller nodes and Layer 2 Mobility Sensor. The 

application of the camera node is implemented using 

Python programming. In addition, the usefulness of 

NetKat for sending video to a remote computer is 

used on the Transmission Control Protocol (TCP). To 
display content on the recipient's side, the Nectq 

traffic enters the mplayer, in order. In all 

measurements, we streamed the H.264 video with 

1920x1080 resolution, 17Mbps bit rate and 25fps 

frame rate. 

 

2.2. Hardware used 

The hardware architecture for the multi-lingual 

approach is shown in Figure 1. The hardware 

platform used to realize low-level layer 1 and control 

nodes in Layer 2 is the Libellium Waspmote wireless 
platform [25]. The original Waspmote board comes 

with ATmega1281 microcontroller running at 8MHz. 

The main board also includes 8KB SRAM, 128KB 

flash and 4KB of EPROM memory, speedometer and 

internal temperature sensors and one on-demand 

clock (RTC). The ATmega1281 has two UARTs 

(UART0 and UART1), an SPI port, an I2C 

communication bus, and an I / O input / output 

terminal. The WasMPote platform uses a splitter to 

extend UARTs to six ports: USB connector and 

SOCKET0 on UART0 and SOCKET1, UART1 

AUX, UART2 AUX, and GPS ports on UART1. In 
our run, all BLE modules are placed on Socket0 in 

the Waspmote layer of Layer 1 and Layer 2. 

 

 
Fig 1. Hardware Architecture in Multilingual Architecture 

 

Normally, nodes in the Layer 1 are in sleep mode as 

long as the MCU is alerted by an interrupt sensor. 

The Parallex Rev.B PIR sensor is used to detect 

mobility and connects to one of the Waspmote digital 

I / O pins. Since no sensor is connected to the MCU 

with I2C, we turned off the I2C bus connection to the 

MCU to save power. In Layer 2 design, we used the 

RPi-3 B SBC as a camera node. RPi-3 1GB RAM, 

BCM2837 on chip (SoC) with a quad-core 64-bit 
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1.2GHz ARM Cortex-A53 processor, embedded 

WiFi chips and Bluetooth 4.0, Ethernet, 40-pin GPI, 
full HDMI, microphone and display interfaces. We 

have installed a high resolution 5MP camera module 

and a PIR sensor on RPi. The PIR sensor is used to 

detect mobility during RPi activity. Compared to 

Layer 1 nodes, RPi can perform more advanced and 

complex computational tasks, and therefore consumes 

more energy. Multilevel WMSN key idea is to 

conserve the energy of the visual sensor nodes that 

consume high power by keeping them in low-power 

mode when there is no mobility in the area. Although 

the RPi does not have any mode due to lack of 

advanced configuration and power interface support 
(ACPI). It is possible to do some settings such as 

under clocking the CPU, deactivating unused devices 

and optimizing the operating system. However, it 

does not have a clear effect, such as SleepyCAM, 

which affects overall power consumption. 

 

2.3. Measurement and post-processing data 

The power consumption of nodes in each layer is 

measured using the Monsoon power monitoring tool 

[26]. Monsoon can provide power for the device 

under measurement at a voltage output between 2.1-
4.55V. Maximum sampling rate is 200MHz. 

Monsoon provides different levels of measurement 

data detailing by fine-tuning the granularity, such as 

saving all samples, every 10 samples, every 100 

samples and .... Measurement is shown in Fig. 2. 

 

 
Fig 2. Setting up Monsoon Layer 2 devices 

 

The measurement data can be stored in the csv file 

format for post processing in a workstation. To 

generate graphs, compare and model battery life 

estimates, we have analyzed data using MATLAB. 

The moving average filter has also been applied, if 

necessary, to improve the readability of the graphs. 

 

2.4. Network architecture 

1) Single-Layer Architecture (Base Line) 

Setting the base line used to validate our work is a 
single-layer multimedia sensor network. In this 

setting, the motion detection and event acquisition is 

performed by the camera sensor node, so this node 

needs to be run throughout the monitoring program. 

The hardware combination of this upgrade includes 

the B-RPi model with a high-resolution 5MP camera 

module and a mobility sensor. 
For this upgrade, there are two alternative mobility 

alternatives: the use of software algorithms that 

process video frames or the use of scalar sensors such 

as the PIR Mobility Sensor. Precision-based 

software-based mobility detection captures video 

frames from past few seconds and compares with 

current strokes. If the difference passes through a 

certain threshold, then it is considered as mobility, 

and the camera begins to continuously broadcast the 

video to the receiver. These two techniques have been 

fully analyzed in our previous paper on SleepyCAM 

[10]. Hence, the detection of hardware mobility is 
more efficient using scalar sensors and is therefore 

used as a benchmark in current work. We chose the 

Parallax rev B PIR sensor for mobility detection. The 

PIR sensor has a three-pin connector: output pins, 

power and ground. Ground pin to ground, power pin 

to 3.3V, and output pin to an all-purpose Rpi input / 

output pin (GPIO). The output pin is a low or high 

digital one and it depends on whether the mobility is 

detected or not. To save energy consumption of the 

camera's camera in idle mode, instead of rebelling the 

GPIO pin, we use interruptions in the program. 
The network architecture of the base line is shown in 

Figure 3. When an intruder is near, a change in the 

temperature of the infrared temperature converts the 

output of the PIR sensor from bottom to top. This 

triggers an interruption signal to the RPi-related 

MCU to initiate an operation in the program, which 

activates the camera module and launches continuous 

playback on the laptop. Stream can also be directed to 

a remote server that can encode video data in 

different playable formats. 

 

 
Fig 3. Single-Layer Network Architecture 

 

2) Multilingual architecture 

Figure 4 represent the communication flow between 
the nodes. In Layer 1, we used low-power sensor 

nodes capable of detecting mobility using a PIR 

sensor in a monitored position. When the mobility is 

detected in step 1, the nodes of the Layer 1 send the 

BLE notification to the Layer 2 controller nodes. 

In step 2, the controller turns off the BLE radio 

module after receiving the notification and turns the 

camera's node through the relay switch. The reason 

for switching off the BLE radio at this point is to 

store the controller power when the camera's node is 

running and running. 
In step 3, the node starts the continuous video 

playback on TCP to the remote computer. The 

http://iraj.in/


International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-5, May-2019, http://iraj.in 

Power Consumption Multi-Band Wireless Multimedia 

 

16 

decision of the shutdown time after awakening lies 

with the camera's nodes. As the controller does not 
listen to BLE messages from Layer 1 during this 

meeting, we have installed a PIR motion sensor on 

the camera node to detect the mobility continuity 

when active and running. In the current test sample, 

the camera node will play a 30-second video on a 

continuous basis, and if the PIR sensor is enabled, it 

will continue to play for 30 seconds, and this will 

continue in the same way. When the playback is 

completed continuously and there is no other move, 

the camera turns itself off. 

In step 4, a blackout message is sent as a signal to the 

controller. The controller releases the relay switch 
and the BLE radio turns it on for next events. To 

prevent the mikor SD card from being damaged 

inside RPi, it's important to detect a conditional 

shutdown for RPi before releasing the relay. The 

status of the silent process can be read by the 

controller node on an RPi GPIO pin configured for 

the same purpose. 

 

 
Fig 4. Multilevel node communication scheme 

 

III. RESULTS AND DISCUSSION 

 

In this section, we report the measured results 

collected from the practical study of the benchmark 

sample and the proposed WMSN test sample. Power 

instability due to specific monitoring tasks is 
highlighted in each graph. 

 

A. Power consumption in single-layer architecture 
Figure 5 depicts the power instability associated with 

the base line setup. The graph shows the power 

consumption of a pending RPi surveillance camera in 

a variety of phases (including phases): before the 

monitoring program starts, and when only the 

primary system tasks are running, after the start of the 

monitoring program and When the system is in idle 

mode, when the motion is detected and the 
continuous play begins, when the continuous 

playback is completed and the device returns to the 

expected state, and eventually when the program 

finishes. 

When a program is executed and the device is idle, a 

short pulse trail is observed. In the waiting phase, the 

program is ready to receive interrupt signals that are 

sent out by activating the PIR sensor due to a change 
in the incident beam in the area. Normally, the PIR 

sensor consumes very little power in comparison with 

RPi and therefore has no definite effect on the overall 

power consumption of the device. During continuous 

video playback, the average power consumption of 

the camera is increased from 1209.9mW to 2251mX. 

 

 
Fig 5. Power consumption of a single-layer architecture 

 

B. Power Consumption in Multi-Layer Architecture 

In this section, we provide power consumption of 

Layer 1, Layer 2 controller, and camera nodes.   

Figure 6 depicts the power consumption instability of 

a layer node 1. When the device is turned on for the 

first time, it enters idle state after a brief initial setup. 

We have planned the Wasp mote main board to be in 

sleep mode until it receives external interruptions. 

Most of the circuits of this node are turned off and 

only the circuits necessary to receive an external 

interruption from the PIR sensor are turned on. 
 

 
Fig 6. Layer 1 Mobility Sensor node power consumption 

 

CONCLUSION 

 

In this paper, we introduce a multi-level low-level 

WMSN for real-time high quality video surveillance 

applications. Our prototype is based on the 

development of homogeneous simple low-cost, low-

cost early detection algorithms and SBCs with higher 

computing capabilities as camera nodes for 

continuous HD video playback (1080p) to a distant 
computer. The underlying relationship between the 

various layers in the layers and power management of 

the power point of the camera is discussed, and power 

instability in different states is also depicted in the 

graphs. More importantly, we estimate the power 
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consumption model that measures the life span of 

battery batties at intervals between events and the 
duration of events (continuous video playback). The 

results show that with the use of homogeneous multi-

layered architecture and proposed power 

management, the lifetime of a full HD camera can be 

194 hours longer than a single-layer architecture 

(about 870% improvement). 

There are several dimensions to continue this work. 

The controller node that we introduced in our test 

sample is the most modest design that can be 

optimized with better power switches. The camera's 

awakening and shutdown delays can also be 

optimized by creating a manually-installed Linux. 
Extensive coordination of camera nodes on the edge 

network for dynamic redirection is an important 

feature of video surveillance. These items are subject 

to future work. At the moment, we are monitoring the 

camera nodes in the process of checking out the use 

of an additional low-power node that ideally sits at 

the edge of the operator's infrastructure. In addition, 

we are investigating the relationship between 

software virtualization of the camera using container 

technology and overhead energy checking. 
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