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Abstract We present a design, evaluation and field trial of Choco, a low-power, end-to-end reliable collection protocol for 
wireless sensor networks. We construct Choco on Glossy. Glossy is a recently presented efficient flooding scheme exploiting 
constructive-interference phenomena. Although Glossy is originally developed for flooding, it can be regarded as a networking 
primitive which provides low-power, low-delay, any-to-any communication reachability. In Choco, all packet transmissions 
are based on Glossy. A sink node schedules each node operation in a centralized and fine-grained manner with Glossy, and 
controls retransmission and power saving mode of each node. Each sensor node transmits data packets to the sink node with 
Glossy according to the request from the sink node. Although Choco is very simple mechanism, we reveal that Choco has 
considerable merits over current data collection protocols through two different testbed evaluations. Testbed evaluations 
demonstrate that Choco provides 14.7 times more energy-efficient collection than the state-of-the-art, while achieving 
end-to-end reliability for every node. Moreover, results of field trials of data center and agriculture monitoring are shown. 
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1. Introduction 

In wireless sensor networks, data collection [1] is the 
most widely used and studied class of protocol. A wide 
range of applications, such as forest monitoring [2], data 
center monitoring [3], have been developed using 
collection protocols. 

One of the major concerns for achieving data collection 
in wireless multihop networks is routing. Current 
collection protocols are mostly based on unicast 
forwarding. In other words, each node chooses its parent 
from its neighbors, and packets are delivered to a sink 
node by relaying each node's parent. Unicast forwarding 
requires a complicated routing mechanism due to wireless 
channel fluctuations. 

Recently, a significantly efficient flooding scheme, 
called Glossy, was presented [4]. Figure 1 shows the 
overview of Glossy. Nodes with Glossy can propagate a 
packet for the whole network in several packet times 
without severe collisions. Unlike ordinal flooding 
mechanisms, Glossy does not insert any backoff, and 
nodes which receive a packet start to transmit the same 
packet simultaneously just after the packet reception. By 
exploiting constructive interference phenomena, Glossy 
succeeds in keeping packet reception rate high despite 
allowing concurrent transmission. 

Glossy can be regarded as a networking primitive which 
provides low-power, low-delay, any-to-any 

communication reachability, although it was originally 
presented for flooding. Applying Glossy for data 
collection makes it unnecessary to consider routing in 
wireless multihop networks. This introduces radical 
changes into designing data collection protocols. 

From this standpoint, we aim to explore the efficiency 
of applying Glossy to data collection. Concretely, we do 
this by developing a low-power, end-to-end reliable data 
collection protocol. 

There are two key differences between data collection 
using unicast forwarding and that using Glossy. From the 
perspective of end-to-end reliability, most collection 
protocols cannot efficiently support it because routing 
protocols of them provide only downward paths for 
simplicity and energy cost. In contrast, since Glossy can 
provide any-to-any communication reachability, data 
collection using Glossy has the potential capability of 
efficiently supporting end-to-end reliability. From the 
perspective of energy consumption, in collection using 
Glossy, it is concerned that power consumption of each 
node increases linearly with the number of nodes because 
all nodes must participate in each packet transmission. 

To clarify the efficiency of applying Glossy to collection 
protocols, we design and evaluate a collection protocol, 
called Choco. In [5], we demonstrated that Choco 
outperforms the state-of-the-art collection protocol from 
the perspective of power consumption at Motelab and our 



 
  
 

 

 
Figure 1 Glossy overview. Unlike ordinal 

flooding mechanisms, Glossy does not insert any 
backoff, and nodes which receive a packet 
simultaneously forward the same packet. 

 

 
Figure 2 Slot assignment using control 

packets in Choco. 
 

 

 
local testbed, while achieving 100 % packet reception rate. 
In this paper, we show a brief description of Choco, and 
its field deployments. 

2. Choco 
2.1 Design 

Figure 2 shows the overview of Choco. Choco employs 
a slot scheduler and low-power controller upon Glossy. A 
sink node schedules slots for each node considering traffic 
and packet losses of sensor nodes. Low power control is 
also determined by the sink node. 

2.2 Evaluation 
We evaluated the energy efficiency of Choco using 

various IPIs (10 s, 30 s, 100 s, and 300 s). The PRRs of 
CTP are 93.4 %, 94.2 %, 92.1 %, and 88.6 %, respectively. 
The PRRs of Choco are 100 % in all experiments. Figure 3 
shows the average duty cycles of each experiment. The 
difference in duty cycles between CTP and Choco is slight 
when the IPI is short, but becomes larger as the IPI 
increases. In the experiment for the case in which IPI = 
300~s, Choco is 14.7 times more efficient than CTP (CTP: 
2.5 %, Choco: 0.17 %). Figure 4 shows the per-node duty 
cycle for the case in which IPI = 30 s. While nodes that 
have more children consume much more energy in CTP, 
the deviation of the duty cycle is very small in Choco. 

3. Field Trial 
Figure 5 shows field trials of Choco at a data center and 

  

agriculture monitoring. Data center monitoring collects 
temperature and humidity from 100 sensors to estimate 
abnormal thermal conditions, agricultural monitoring 
collects light intensity from 40 sensors to estimate leaf 
area indexes of each tomato plant. Each monitoring system 
has been working for longer than three months without any 
packet losses. 
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Figure 4  Testbed Evaluation in Motelab. The left shows 
per-node duty cycle of CTP, the right shows that of Choco. 

Figure 3  Comparison of 
Average duty cycle 

Figure 5 Field trial at a data center 
(left), and a farm (right). 


