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Smart Lampposts
• Key infrastructure of smart cities
• Equipped with networking interfaces, cameras and 

sensors
• Promote smart city innovations on a city scale
– intelligent transportation
– autonomous driving
– real-time surveillance
– high-speed WiFi coverage

• Estimated over 70 million smart lampposts will be 
installed worldwide by 2027

• Creating a global market of USD 8.3 billion
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Smart Lamppost Connectivity

• Smart lampposts must be connected to the 
Internet backbone

• Possible technologies
– optical fiber
– 4G
– BATS
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Optical Fiber
• Pros
– very high data rate
– highly reliable

• Cons
– high installation cost
– very long setup time
– very disrupting process
– sometimes not possible

• Realistically only a small number of lampposts can be 
connected by optical fiber

• The rest still need to be connected to the Internet
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How about 4G?

• A 4G card is installed at each lamppost
• Pros
– easy to deploy
– relatively inexpensive

• Cons
– high recurrent cost
– bandwidth drops drastically during rush hours
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The Multi-hop Solution



Why BATS?

• Multi-hop is a longstanding problem in wireless 
communication

• Transmission can sustain no more than a few hops if 
data packets are treated as commodities

• The multi-hop curse 
• BATS is an advanced network coding technology that 

can sustain tens or even hundreds of hops
• Recoding is employed at the intermediate nodes
• With BATS, a very long multi-hop network can be 

realized
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This book discusses an efficient random linear network coding scheme, called BATched Sparse code, 
or BATS code, which is proposed for communication through multi-hop networks with packet loss. 
Multi-hop wireless networks have applications in the Internet of Things (IoT), space, and underwater 
network communications, where the packet loss rate per network link is high, and feedbacks have long 
delays and are unreliable. Traditional schemes like retransmission and fountain codes are not sufficient 
to resolve the packet loss so that the existing communication solutions for multi-hop wireless networks 
have either long delay or low throughput when the network length is longer than a few hops. These 
issues can be resolved by employing network coding in the network, but the high computational and 
storage costs of such schemes prohibit their implementation in many devices, in particular, IoT devices 
that typically have low computational power and very limited storage.
 A BATS code consists of an outer code and an inner code. As a matrix generalization of a 
fountain code, the outer code generates a potentially unlimited number of batches, each of which 
consists of a certain number (called the batch size) of coded packets. The inner code comprises (random) 
linear network coding at the intermediate network nodes, which is applied on packets belonging to the 
same batch. When the batch size is 1, the outer code reduces to an LT code (or Raptor code if precode 
is applied), and network coding of the batches reduces to packet forwarding. BATS codes preserve 
the salient features of fountain codes, in particular, their rateless property and low encoding/decoding 
complexity. BATS codes also achieve the throughput gain of random linear network coding. This book 
focuses on the fundamental features and performance analysis of BATS codes, and includes some 
guidelines and examples on how to design a network protocol using BATS codes.
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About SYNTHESIS

This volume is a printed version of a work that appears in the Synthesis 
Digital Library of Engineering and Computer Science.  Synthesis 
books provide concise, original presentations of important research and 
development topics, published quickly, in digital and print formats.



BATS vs Routing 
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Advantages of BATS

high throughput

low latency

low coding complexity

low storage requirement
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BATS vs 4G

• Low installation cost
• Easy to deploy
• Low recurrent cost
• Guaranteed bandwidth for essential data, e.g., 

post health check, video surveillance, etc
• Can cover rural areas not reachable by fiber or 

4G
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Comparison with 4G
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Other Applications of BATS
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Wireless Ad Hoc Networks
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Satellite Networks
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V2X
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Underwater Acoustic Communication
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Powerline Communication Networks
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5G and Multi-hop
• Millimeter wave is used for transmission
• Receiver needs to be almost within line of sight
• Many base stations need to be deployed
• Relays also needed
• Many base stations and relays will be put on the 

smart lampposts
• How to connect the lampposts to the Internet?
• BATS provides a natural solution
• 3GPP has announced that multi-hop will be 

supported
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Hong Kong Smart Lamppost Project

• Pilot 
– First phase: ~70 lampposts (mid-2019)
– Second phase: 330 lamppost (2021/22)

• Massive deployment: 70,000 lampposts
• INC has been engaged in this pilot project to 

apply BATS code
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Internet Draft Submitted

BATS Coding Scheme for Multi-hop Data Transport
draft-yang-nwcrg-bats-00 (Oct 21, 2018)

Prepared by

Shenghao Yang, Xuan Huang
The Chinese University of Hong Kong, Shenzhen

Raymond W. Yeung
The Chinese University of Hong Kong

John K. Zao
National Chiao Tung University
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The BATS solution
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