L))

Check for
Updates

Poster Abstract:

The Low-Power Wireless Bus:
Simplicity is (Again) the Soul of Efficiency

Federico Ferrari*

Marco Zimmerling*

Lothar Thiele* Luca Mottolaf

*Computer Engineering and Networks Laboratory, ETH Zurich, Switzerland
*Swedish Institute of Computer Science (SICS), Kista, Sweden

{ferrari, zimmerling, thiele}@tik.ee.ethz.ch

ABSTRACT

We present the low-power wireless bus (LWB), a simple yet
efficient communication support for low-power wireless net-
works. The LWB maps different communication demands
onto fast Glossy network flooding, effectively turning the
wireless network into a bus-like infrastructure. The LWB
requires no information of the network topology, thus dras-
tically reducing the control overhead of common solutions
such as route maintenance, and natively supports many-to-
many communication and mobile nodes in addition to more
traditional static, one-to-many scenarios. For instance, ex-
periments on a 90-node testbed show that on average the
LWB reduces packet loss by a factor of 231 and energy con-
sumption due to communication by a factor of 11 compared
to a state-of-the-art many-to-many routing protocol.
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1. OVERVIEW

Common communication support for low-power wireless
networks mostly battled one of the defining features of the
wireless channel: that of being a broadcast medium. Exist-
ing network-layer protocols build and maintain routes con-
necting sources to destinations, in an attempt to spare ef-
forts from nodes that may be excluded from processing. The
routes tend to be tailored to specific traffic patterns (e.g.,
one-to-many or many-to-many) and application scenarios
(e.g., presence or absence of mobile nodes). However, route
maintenance may require significant control traffic against
link fluctuations and topology changes. Moreover, existing
solutions typically require multiple functionality at different
layers, whose interactions may be difficult to understand [1].
A different take on the problem. Owing to the broad-
cast nature of the wireless channel, the LWB incarnates a
different approach, intuitively described in Fig.1. It maps
all communication requests onto network flooding by using
Glossy, which provides 99.99 % flooding reliability with mil-
lisecond latencies in networks of hundreds of nodes, requir-
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Figure 1: The LWB provides connectivity in multi-
hop wireless networks similar to a shared bus.
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Figure 2: Communication rounds (A); communica-
tion slots in a round (B); Glossy floods in a slot (C).

ing no information of the network topology [2]. This ef-
fectively turns a multi-hop wireless network into a bus-like
infrastructure. As a result, building and maintaining dis-
tributed routing state becomes unnecessary. Glossy’s global
time synchronization allows to integrate radio duty-cycling
into the LWB, sparing the need for multiple network layers.

The absence of network state allows the LWB to (i) na-
tively support multiple communication patterns with the
same implementation, and (i) be inherently resilient to
topology changes. For instance, no changes to the protocol
operation are required to support communication to multi-
ple sinks, typical of control scenarios [9], or in presence of
mobile nodes. The integrated design and simplicity of the
LWB’s functioning also make it straightforward to set the
(few) protocol parameters and to understand its operation.
The LWB in a nutshell. Nodes in the LWB communi-
cate in a time-triggered fashion [6] based on Glossy’s built-in
time synchronization. At most one master node at a time
puts a message on the bus (i.e., initiates a Glossy flood),
whereas the other slave nodes read the message from the bus
(i.e., receive and relay the flooding packet). Communication
complies with a global schedule that rotates the master role
over time among all source nodes. A dedicated host node
periodically announces the schedule. Depending on the ap-
plication scenario, the schedule can be static or dynamically


http://crossmark.crossref.org/dialog/?doi=10.1145%2F2185677.2185693&domain=pdf&date_stamp=2012-04-16

Data yield [%]
oo
o

Jouo —=CTP + LPL-50ms
-—:CTP + LPL-200ms
- "FTP + LP!.—SUUms

I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CDF
(a) Data yield.
25 .
e ~~
—Lwe
15 ——CTP + LPL-50ms

-=-CTP + LPL-200ms
====CTP + LPL-500ms

Radio duty cycle [%]

’ CDF

(b) Radio duty cycle.
Figure 3: CDFs showing the performance of the
LWB against CTP + LPL on Twist with a single sink.

re-computed, for example, based on bandwidth demands.
We are currently investigating several scheduling policies.

In our current prototype, communication over the LWB
occurs within communication rounds repeated with period T,
as shown in Fig.2(A). Nodes keep their radio off between
two rounds to save energy. At the beginning of a round, the
host node H transmits the current schedule, as illustrated
in Fig. 2(B). This initial Glossy flood also time-synchronizes
the nodes. The rest of the round is divided into non-overlap-
ping communication slots wherein every source node S; is
granted access to the bus. Each communication slot then
corresponds to a distinct Glossy flood, as shown in Fig. 2(C).

To ensure exclusive bus access by the master node against
communication failures, a node is permitted to initiate a
flood only if it received the last schedule from the host, which
also provides time synchronization.

2. PRELIMINARY RESULTS

Our preliminary results from several diverse scenarios con-
firm that “simplicity is the soul of efficiency” [3]; that is, the
cost of acquiring and maintaining distributed routing state
often outweighs the benefits it possibly brings.
Experimental settings. We consider periodic data collec-
tion applications and corresponding performance metrics [4]:
(i) data yield as the fraction of packets successfully received
at the sink over those sent; and (i) radio duty cycle as the
fraction of time a node keeps the radio on, which provides a
measure of a protocol’s energy efficiency.

We compare the current LWB prototype with state-of-the-
art routing and MAC protocols in both many-to-one and
many-to-many scenarios. We use the Collection Tree Pro-
tocol (CTP) [4] available in TinyOS 2.1.1 as a baseline for
the former and Muster [7] for the many-to-many case. Both
protocols run atop the low-power listening (LPL) layer [8].
We repeat the experiments with 50 ms, 200 ms, and 500 ms
LPL wake-up intervals. In all experiments, the application
payload is 15 bytes. In the LWB, the round period T is set
to 1 min, equal to the inter-packet interval. All operational
parameters of CTP and Muster are at their default values.

The experiments run on the Twist [5] testbed, a 90 Te-
losB nodes installation densely spread across three floors in
a university building. We set the transmit power to -7 dBm,
yielding a maximum network diameter of 3 hops, and use
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Figure 4: LWB against Muster + LPL on Twist, with
varying number of source nodes and 8 sinks.

channel 26 to limit the interference with co-located WiFi.
We employ Contiki’s power profiler to measure the radio
duty cycle of the LWB prototype in software, and adopt a
similar approach in TinyOS for all other protocols.
Results. Fig. 3 shows CDFs comparing the performance of
the LWB prototype against CTP + LPL in a setting where
all nodes funnel data to a single sink. The LWB outperforms
CTP + LPL for all wake-up intervals we tested. It achieves
a data yield of 100% for most nodes (see Fig.3(a)) with
an average of 99.97 %, and performs evenly in radio duty
cycle with an average of 1.69 % (see Fig.3(b)). In compar-
ison, CTP trades data yield for radio duty cycle, achieving
the highest average data yield of 97.31 % at 50 ms wake-up
interval, but at 20.18 % average radio duty cycle. Longer
wake-up intervals result in significantly lower data yield, av-
eraging 83.19 % at 500 ms wake-up interval.

Fig. 4 depicts the LWB performance against Muster + LPL
in a setting with 8 sinks and a varying number of source
nodes. The unmodified LWB used for the single-sink ex-
periments outperforms a protocol conceived for multi-sink
scenarios. The average data yield across all sinks with the
LWB is steadily at 99.97 %, whereas with Muster it starts at
98.32 % and decreases to 96.01 % with more sources due to
route maintenance overhead (see Fig.4(a)). Moreover, the
LWB achieves between 0.31 % and 1.07 % radio duty cycles,
whereas Muster’s highest data yield corresponds to an aver-
age duty cycle between 10.14 % and 12.57 % (see Fig. 4(b)).
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