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Key Takeaways

 Single hop networks offer low latency, simplicity, and lower energy consumption, but
have limited range and scalability challenges.

e Multi-hop networks provide extended range, increased reliability, and scalability, but
introduce higher latency and increased energy consumption.

e Choosing between single hop and multi-hop networks depends on the specific
requirements of the wireless communication scenario, considering factors such as
distance, scalability needs, and real-time application demands.
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Visualization of single-hop vs multi-hop network setup

In the realm of wireless communication, single-hop and multi-hop RF networks are two
prominent architectures that facilitate the exchange of data between devices. While both
approaches serve the same purpose, they differ significantly in terms of their design,
performance, and applicability. Read on as we delve into the intricacies of multi-hop vs
single-hop networks, and explore their respective advantages and challenges.

Single Hop vs. Multi Hop Network Advantages and Challenges
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Single Hop Networks

In networking, a hop refers to the number of different networks a data packet must "hop”
through to reach a final destination address. A single hop RF network is a straightforward
architecture where data is transmitted directly from a source node to a destination node. This
approach involves simple point-to-point communication, where each node must have a
direct communication link with the destination node. Each node is directly connected to a
central node such as a satellite, and all data must go through this central node, which can
then forward data from the source to the destination device. Single hop networks are often
used in scenarios where the distance between nodes is relatively short, and direct
communication is feasible without any intermediate relays.

Multi Hop Networks

In contrast to single hop networks, multi hop RF networks employ intermediate nodes, also
known as relays, to facilitate communication between the source and destination nodes.
Data is transmitted in a hop-by-hop manner, where each relay node receives and retransmits
the data to the next relay or the destination node.

In Multi-hop routing, the radio networks cover a much larger area than the range of a single
node, so to reach its destination, other nodes are used as relays. Multi-hop routing is used in
wireless sensor networks, mesh networks, mobile, and smartphone networks. For example,
information may flow from a local earth station (VSAT) to a satellite, then to a hub station (the
intermediate node) and then to another satellite, and then finally to the final destination
station back on earth. Of course, in multi-hop networks, the data isn't simply sent between
stations, satellites, and hubs. The data packet may go through routers, switches, network
bridges, and more.

Single Hop vs. Multi Hop Networks

As discussed, the primary distinction between a single-hop and a multi-hop network lies in
the number of devices engaged in data transmission. Specifically, advantages and
disadvantages in multi-hop networks come from the implementation of the multiple
intermediary devices involved in transmitting data packets between the source and
destination.

Single-hop networks are typically simpler and easier to manage since all devices are
connected to a central point, facilitating straightforward communication. Conversely, multi-
hop networks can be more intricate, necessitating advanced routing algorithms to ensure

efficient data transmission. Nonetheless, multi-hop networks provide greater flexibility and
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scalability, allowing for the addition of new devices without requiring direct connections to a
central device.

Single Hop Advantages

e Low Latency: Single hop networks exhibit low latency since the data transmission
occurs directly between the source and destination nodes. There are no additional
relays or hops to introduce delays.

o Simplicity: The simplicity of single-hop networks makes them easier to design,
deploy, and manage. With a straightforward point-to-point communication model,
network configuration and troubleshooting become relatively straightforward.

¢ Lower Energy Consumption: Since data is transmitted directly without intermediate
nodes, single hop networks generally consume less energy compared to multi-hop
networks. This is particularly advantageous for battery-powered devices, as it
prolongs their battery life. However, it is important to note that as the transceiveris a
major power consumption source in the networks, sending data over large distances
in a single hop requires higher power, resulting in multi-hop being more energy
efficient over the same distances.

Single Hop Limitations

e Limited Range: Single hop networks are limited by their range, as each node must be
within direct communication distance of the destination node. This constraint
restricts their application in large-scale networks or environments with significant
physical barriers.

¢ Scalability Challenges: As the number of nodes increases, the complexity of
maintaining direct communication links grows exponentially. Scaling single-hop
networks to accommodate a large number of nodes can be challenging and may
require significant infrastructure investments.

Multi-Hop Advantages

¢ Extended Range: Multi-hop networks overcome the range limitation of single hop
networks by allowing data to be relayed across multiple nodes. This enables
communication over longer distances, making them suitable for large-scale networks
and areas with physical obstructions.

¢ Increased Reliability: Multi-hop networks enhance reliability by establishing
redundant paths for data transmission. If a relay node fails or a communication link is
disrupted, alternative paths can be utilized to maintain connectivity, ensuring higher
network resilience.

« Scalability: Multi-hop networks exhibit superior scalability compared to single hop
networks. By adding relay nodes, the network capacity can be expanded without
significantly impacting individual node complexity or direct communication range
requirements.

Multi-Hop Network Challenges

e Higher Latency: The hop-by-hop data transmission in multi hop networks introduces
additional latency compared to single hop networks. Each relay node incurs a delay,
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potentially impacting real-time applications that are sensitive to latency, such as
video streaming or online gaming.

» Increased Energy Consumption: With the involvement of multiple relay nodes, multi
hop networks consume more energy compared to single hop networks. The relays
require additional power for signal amplification, routing, and data processing, which
can be a concern for battery-powered devices.

When it comes to optimizing the performance of single hop vs multi-hop RF networks,
leveraging advanced tools like Cadence AWR software can make a significant difference. With
its powerful simulation and design capabilities, Cadence AWR enables engineers to model,
analyze, and optimize network architectures for maximum efficiency. Whether you're working
on single hop or multi-hop networks, Cadence AWR can help you navigate the complexities
and fine-tune your designs.

Leading electronics providers rely on Cadence products to optimize power, space, and
energy needs for a wide variety of market applications. To learn more about our innovative
solutions, talk to our team of experts or subscribe to our YouTube channel.
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