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Abstract: Home monitoring can be implemented in a low-cost manner using this proposed project. The
existing system involves high-cost equipment which cannot be utilized by a normal person. In the proposed
model the overall design of home monitoring uses the multinode co-operative network. It mainly focuses on
the development of the home monitoring system which can be implemented using NodeMCU. The highlight
of the project is to use the NodeMCU embedded with Wi-Fi technology which enables the transmission of the
sensed data to the cloud. The Proposed model will monitor the working status of various equipment in the
home. Based on the data sensed from the equipment the information is shared in a cooperative manner with
the remote monitoring unit. The Amplify and Forward cooperative protocol is used to transmit the data to the
destination. The main advantage of the cooperative network is to enhance the signal reception quality and to
improve the monitoring of the status round the clock. A popular open-source platform to execute the process
of transmission, processing, and receiving data without losing the intensity. We are going to use multiple
nodes to decrease the fault while working with them. These node MCUs are used for many projects as it is
very cheap. It also has integrated support for the Wi-Fi network. Its compact size is an added advantage. It
has low energy consumption property and reliable secure cloud storage. They have a user-friendly
programming environment and a scripting language that is easy to learn. These are mainly used in [oT home
automation, security alarms, incubators, controller, Internet smoke alarms, serial port monitors, and VR
trackers.
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I. INTRODUCTION

To design and develop a system that will improve the signal reception quality and improved monitoring status round the
clock using the Amplify and Forward Cooperative Protocol in NodeMCU. Cooperative Protocol in NodeMCU. Home
Monitoring can be implemented in a low-cost manner using this proposed project. The existing system involves high-cost
equipment which cannot be utilized by a normal person. In the proposed model, the overall design of Home Monitoring
using Multinode Co-operative Network mainly focuses on the development of the Home Monitoring System which can be
implemented using NodeMCU. The highlight of the project is to use NodeMCU embedded with Wi-Fi Technology which
enables the transmission of sensed data to the cloud.

II. COOPERATIVE NETWORK
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Figure 1: Cooperative Network Model
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Amplify and forward protocol is also called the degenerative protocol. In a degenerative system, the relay terminals
amplify the signal from the source terminals without any decoding. Amplify and forward protocol receives the signal from
the source node, amplifies the signal, and forward the signal to the destination node in two phases [10]. In phase 1, the data
is transmitted to the destination node and the other nodes in the network. Other than the source (s) and the destination (d)
nodes all other nodes serve as fixed relays in AF cooperative network. In Phase 2, the relay node amplifies the data received
from the source and forwards it to the destination. The destination node receives the signal from the source which is not in
Line of Sight and also from the relays, which are in cooperation with the source and the destination nodes. Finally, using
the Maximum Ratio Combining (MRC) Technique, the received data is optimally combined in the destination [11, 12]. In
MRC the received signal is multiplied with the complex conjugate of the channel gain to maximize the output. The
transmission power is considered to be the same in the source and in the relay. By this protocol, the data rate can be improved
and better signal strength is achieved. The whole scheme toil on spatial multiplexing. An immersive wireless technology
named MIMO (Multiple Input Multiple Output) is used here [3]. The basic idea of cooperative MIMO is to group multiple
devices into a virtual antenna array to achieve MIMO communications. A cooperative MIMO transmission involves multiple
point-to-point radio links, including links within a virtual array and possible links between different virtual arrays.
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II1. FORMULA
The received power y in the first phase of transmission, is given in equations (1) and (2),
The received signal from the Source to the Relay

Ysr = (\/Fshsrxdata) + ng D
The received signal in the direct path from the Source to the Destination
Ysa = (\/Fshsdxdata) + Ngq )

where, \/E denotes the source transmission power, the hg, and hg, represent the fading coefficient in the source to relay
path and source to destination path respectively. The ng. and ng; are assumed to be an additive white Gaussian
noise(AWGN) with zero mean complex Gaussian with variance number, assuming the receiver and transmitter are
independent [13].

In the second phase of the transmission, the received signal is amplified by the relay node by a factor of B and transmitted
to the destination node.
The signal received at the destination from the source via the relay is

Yra = BhraVsr + Nya (3)
The amplification factor[6]

JPr
f == “
Ps|hsr|?+No
The received signal in terms of the transmitted data,
Vg = v PsPrhsrhraXdata + JPrhransr +n 5)
rd VPslhsr1%+N, VPslhse PN ¢

The signal received at the destination is from the source and the relay is combined using the maximum ratio combining
technique to achieve an optimal output [ 14].Inspite of the fading in the free space the signal received in the destination node
will be of good quality due to the signal received from the multiple nodes in the destination. The cooperative network serves
as a virtual MIMO network considering the antenna in each node contributing the signal same as the elements in the MIMO
network. The signal combining technique in the destination node improves the SNR in the receiver side as well as the
throughput.
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IV. SYSTEM MODEL

T

)

Figure 2: System Model of the proposed work

V. SYSTEM IMPLEMENTATION

Relay Node 1

Relay Node 2

Destination Node

Firstly, one ESP8266 (NodeMCU) is used as the Source Node which is connected to the DHT11 Sensor and a 4

Channel Relay Module.

The Source Node sends the sensor data to 2 Relay Nodes (NodeMCU) and the Destination Node(NodeMCU)

using ESP-NOW Protocol.

Both the Relay Nodes amplify the received data packet from the Source Node and forward it to the Destination

Node using ESP-NOW Protocol.

The Destination Node receives the data transmitted from the Source Node and 2 Relay Nodes.

The received data packets are synchronized in the Destination Node.

The Destination Node is connected to the Wi-Fi Network and is also connected to the Blynk Cloud.

The received data is displayed on the Blynk Devices Dashboard.

The 4 Channel Relay Module which is interfaced with the Source Node can be controlled from the Blynk Dashboard.
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Figure 3: Implementation of Proposed System

VI. RESULTS AND DISCUSSION

© coms

ZITIITSU.537 —> PACKET TOT €510siS/IaliaviiZ LAST PACKET SENT STATUST DSLIVEry Success
21:11:50.582 -> Packet to: e8:68:e7:dl:a0:4f Last Packet sent status: Delivery success
21:11:50.679 -> Packet to: e 105 Last Packet sent status: Delivery success

21:11:51.561 -> Packet to:
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21:11:51.701 -> Packet to:
21:11:52.536 -> Packet to:
21:11:52.583 -> Packet to:
21:11:52.674 -> Packet to:
21:11:53.560 -> Packet to:
21:11:53.622 -> Packet to:
21:11:53.727 -> Packet to:
21:11:54.535 -> Packet to:
21:11:54.581 -> Packet to:
21:11:54.674 -> Packet to:
21:11:55.562 -> Packet to:

21:11:55.609 -> Packet

e8:68:e7:d1:20:12 Last Packet sent status:
e8:68:e7:d1:a0:4f Last Packet sent status:
:05 Last Packet sent status:
:12 Last Packet sent status:
:4f Last Packet sent status:
105 Last Packet sent status:
e8:68:e7:d1:a0:12 Last Packet sent status:
e8:68:e7:d1:a0:4f Last Packet sent status:
105 Last Packet sent status:
:12 Last Packet sent status:
:4f Last Packet sent status:
:05 Last Packet sent status:
e8:68:e7:d1:a0:12 Last Packet sent status:

Delivery success
Delivery success
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Delivery success
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Delivery success
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Figure 4: Source Node Serial Monitor Output
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In Figure 4, the Packet sent status for the Relay Nodes, and Destination Node from the Source Node is shown.
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@ CoMé = O X

Send

21:04:42.581 -> Last Packet Send Status: Delivery success A
21:04:42.627 -> Bytes received: 24

21:04:43.604 -> Bytes received: 24

21:04:44.578 -> Bytes received: 24

21:04:45.602 -> Bytes received: 24

21:04:46.575 -> Bytes received: 24

21:04:47.600 -> Bytes received: 24

21:04:48.576 -> Bytes received: 24

21:04:49.041 -> INCOMING READINGS

21:04:49.041 -> Board Name: sourceNode

21:04:49.041 -> Temperature: 32.80 °C

21:04:49.087 -> Humidity: 72.00 %

21:04:49.087 -> Last Packet Send Status: Delivery success
21:04:49.599 -> Bytes received: 24

21:04:50.578 -> Bytes received: 24

v

Autoscroll [v] Show timestamp Both NL& CR 9600 baud | Clear output

Figure 5: Relay Node Serial Monitor Output
In Figure 5, the incoming readings from the Source Node are displayed on the Serial Monitor and the Packet sent status
for the Destination Node is shown.

@ com7 - m] x

Send
19:45:44.077 -> Board Name: relayNode2Z 7S
19:45:44.077 -> Temperature: 28.00 °C
19:45:44.125 -> Humidity: 70.00 %
19:45:50.512 -> Packet received from: e8:68:e7:d1:d8:05
19:45:50.559 -> Board ID 3: 24 Bytes received
19:45:50.606 -> Board Name: relayNode2
19:45:50.606 > Temperature: 28.00 °C
19:45:50.653 -> Humidity: 70.00 %
19:46:29.716 -> Packet received from: 86:f3:eb:cb:9f:76
19:46:29.763 -> Board ID 1: 24 Bytes received
19:46:29.810 -> Board Name: sourceNode
19:46:29.810 -> Temperature: 28.00 °cC
19:46:29.810 -> Humidity: 70.00 %
19:46:31.955 -> Packet received from: e8:68:e7:dl:al:4f
19:46:32.001 -> Board ID 2: 24 Bytes received
19:46:32.048 —> Board Name: relayNodel
19:46:32.048 -> Temperature: 28.00 °C
19:46:32.094 -> Humidity: 70.00 %

v

Autoscroll Show timestamp Both NL& CR  ~ 9600 baud ~ Clear output

Figure 6: Destination Node Serial Monitor Output
In Figure 6, the MAC Address, Board Name, and the Sensor Readings received from the corresponding nodes are displayed.
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Figure 7: Blynk Dashboard
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In Figure 7, the Sensor readings collected from the Source Node are displayed on the Blynk Webpage and Blynk IoT
Application. The proposed system was designed and implemented successfully. The programs for the Source Node, Relay
Nodes, and Destination Nodes are written, compiled, and flashed using Arduino IDE 1.8.19. The output is successfully
displayed on Blynk Dashboard and Blynk IoT Application. The sensed data from the source node is transmitted to the
destination node via the relay node along with the direct path transmission. The data sent is received at the destination
successfully with good signal strength.

Volume 2, Issue 3, May 2022

VII. CONCLUSION
In a large network, where the source and the destination are far apart, the relay nodes provide the best cooperation in the
transmission of a signal between the source node and the destination node. The cooperative network concludes that without
the expense of establishing a MIMO communication system, spatial diversity is achieved with the cooperative nodes. From
the results, it was observed that the cooperative network outperforms the direct link transmission of a signal between the
source and destination node.
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