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Abstract— Convergecast is frequently used for supporting var-
ious tasks in sensor network applications. In this paper, we
investigate the problem of packet loss in the convergecast process
in wireless sensor networks due to congestion and collisions
near the sink, and propose a simple yet powerful coordinated
convergecast protocol for achieving high convergecast reliability.
We study the performance of the new protocol via simulation
and show the tradeoffs among reliability, latency, throughput
and energy consumption. To compare this protocol with other
existing convergecast protocols, a real application scenario is
used. Simulation shows that this protocol can achieve dramatic
improvement in reliability comparing to existing convergecast
protocols.

I. I NTRODUCTION

Many sensor network applications require broadcast and
convergecast for data dissemination or collection. Converge-
cast refers to a communication pattern in which the flow of
data from a set of nodes to a single node in the network.
One may view convergecast as the opposite to broadcast or
multicast, in which the flow of data is from a single node to a
set of nodes in the network. Figure 1 is a simple example that
illustrates the characteristics of the broadcast and convergecast
in a network. On the left is a broadcast example in which

Fig. 1. A Simple Example of Broadcast and Convergecast

node A is the message source and nodes B, C, D are the
expected recipients. B hears A’s message directly, and forwards
a copy of the message to nodes C and D. On the right is a
convergecast example in which node A is the destination node.
Nodes B, C, and D each have a message destined to node A.
Node B serves as a relay node for nodes C and D.

The issue of designing efficient and reliable broadcast
protocol for wireless ad hoc networks has received much
attention in recent years [1], [2], [3], [4], [5], [6]. However, the
issue of convergecast has only been addressed by few [7], [8].
At the first glance, it appears that convergecast is a reverse
process of broadcast. However, there is a critical difference
between convergecast and broadcast that makes convergecast
to be more than a reverse process of broadcast. In a broadcast,
the datum being disseminated is identical to all recipients. As
a result, the datum only need to traverse any edge in the
network at most once, and the bandwidth utilization for a
broadcast process is essentially uniform across the network.
On the other hand, convergecast is a many-to-one process
and the data flowing to the recipient from different nodes are
likely to be different. The result is a non-uniform bandwidth
demand across the network space: more bandwidth is needed
for nodes closer to the sink, as seen in the example in
Figure 1. In the convergecast process, edge BA is traversed
by three packets while CB and DB are traversed by one
packet. A general analysis in Section II shows that the sink
node is inevitably an ultimate bottleneck in convergecast.In
a large-scale wireless network, this bottleneck phenomenon in
convergecast potentially impacts its reliability and throughput,
and demands special attention.

In this paper, we investigate strategies for reliable and
efficient convergecast in wireless sensor networks. Note that in
wireless networks, collision is a major adversary to commu-
nication reliability and wastes resource (energy, bandwidth,
time). Collisions occur when multiple nodes simultaneously
transmit over the same channel to the same node or a receiver
is in the range of another transmission over the same channel.
Many schemes, especially MAC level ones, such as CSMA,
CSMA/CA, FDMA, CDMA, TDMA, have been proposed and
used to reduce collisions in wireless communication. The
concern of simplicity and scalability for large scale wireless
sensor networks has lead to the adoption of CSMA [9][10]
and its close variants [11][12] as the MAC layer strategies
in the popular Mica mote platform. For the same reason, in
this paper we focus on investigating convergecast mechanisms
on top of CSMA type MAC layer. It is well-known that
in theory a CSMA type scheme, packet loss ratio increases
when the load on a link increases. This is also recently



observed by Zhao et al. [12] on the Mica mote platform. This
fact points to a potential problem in convergecast: without
proper data flow control or coordination, the high contention
at the bottleneck could dramatically increase packet loss and
reduce the reliability of convergecast. Our simulation result
also confirms this concern.

Our main contribution in this work is a simple convergecast
coordination strategy called “radial coordination” in which the
nodes in the a convergecast process adjust their transmission
time according to a quadratic formula based on the estimated
hop distance to the sink in a 2D network. Our simulation
results show that this radial coordination combined with a
constrained flooding routing strategy dramatically increases
success rates in the convergecast process and there is a con-
trollable parameter that one can adjust for the tradeoff among
success rates, latency, throughput and energy consumption.

The remainder of the paper is organized as follows. Sec-
tion II presents the network model in this study. Section III
presents our convergecast algorithm. Section IV describesour
simulation method and simulation results. Section V discusses
alternatives and future work, followed by a conclusion section.

II. M OTIVATION AND MODEL

A. Motivation

Access of information in a large-scale sensor networks
often involves a broadcast process followed by a convergecast
process. In the broadcast process, the query for specific
information is sent from the query node to all nodes in
the network that potentially have the matching information.
In the convergecast process, all nodes having the relevant
information send their answers to the querying node. For
convenience, henceforth we call the querying node as the
“root” node. The streams of data converging to the root create
a flood of information to the root and an uneven demand of
bandwidth across the space, which leads to the need for proper
coordination in the convergecast process to reduce potential
collisions.

Let’s use a simple example in a uniformly distributed
network to see how the load is distributed in space in a
convergecast process. Assume the root is interested in the
detailed readings of every sensor node in the network within
certain distanceRmax. It sends out a query using spatially
constrained broadcast (geocast). All nodes within the circle
of radius Rmax reply with their readings. Note that nodes
closer to the root need to rely the data for nodes further away.
The number of relevant nodes outside a circle of radiusR is
proportional toR2

max−R2 in a uniformed distributed network.
So the amount of data that the nodes betweenR − r and
R + r needs to reply is proportional toR2

max −R2, wherer
is the communication range of the sensor nodes. Note that in
a wireless network, the max amount of bandwidth available
in an area is roughly proportional to the size of the area. So
the bandwidth available in the area betweenR− r andR + r
is proportional to(R + r)2 − (R − r)2 = 4Rr. Assume the
data outside pass through the area evenly, then the data load

per unit area is

L(R) ∝
R2

max −R2

4Rr
(1)

We can see that asR gets smaller, the load increases fast.
It is well-known that the probability of collision and packet

loss increases as the communication load increase on the
CSMA MAC layer. A goal of this work is to find a good
strategy to reduce the packet loss by exploiting the character-
istics of convergecast. In this paper, we first consider the case
in which every node in the network needs to participate and
no data aggregation or piggy-backing process is present in the
convergecast process. The potential impact of data aggregation
and piggy-backing to our model of study is marginal and is
discussed in Section V.

B. Model

Convergecast were traditionally investigated in networks
with symmetric links, i.e., a node A can hear another node B
directly guarantees B can hear A directly. In such a network,
a broadcast tree rooted at the query node could be built in the
broadcast process and be used by the convergecast process
for the routing of answers to the query nodes. The answer
available in a node can be routed to the root by simply reverse
the path the corresponding query traversed.

Our simulation of the convergecast coordination strategy
is based on a probabilistic radio propagation model and the
CSMA MAC layer protocol for Mica motes. Such sensor
networks, however, have been demonstrated to have asym-
metric links. Therefore the broadcast tree is better viewedas a
directed graph. The reverse path for each path on the broadcast
tree might not exist. As a result, the conventional reverse
traversal scheme for convergecast might not work, without
extra symmetric link maintenance or data acknowledgement.
In fact, we will show that a version of constrained flooding
works better than tree-based convergecast for this type of
network, with or without radial coordination.

We use a radio propagation model provided by the Prowler
[13] network simulator. It attempts to simulate the proba-
bilistic nature in wireless sensor communication observedby
many [12][10]. The radio propagation model determines the
strength of a transmitted signal at a particular point of the
space for all transmitters in the system. Based on this infor-
mation the signal reception conditions for the receivers can
be evaluated and collisions can be detected. The transmission
model is given by:

Prec,ideal(d)← Ptransmit

1

1 + dγ
, where 2 ≤ γ ≤ 4 (2)

Prec(i, j)← Prec,ideal(di,j)(1 + α(i, j))(1 + β(t)) (3)

wherePtransmit is the signal strength at the transmitter and
Prec,ideal(d) is the ideal received signal strength at distance
d, α and β are random variables with normal distributions
N(0, σα) andN(0, σβ), respectively. A network is asymmetric
if σα > 0 or σβ > 0. A nodej can receive a packet from node
i if Prec(i, j) > ∆ where∆ > 0 is the threshold. There is a
collision if two transmissions overlap in time and both could



be received successfully. Furthermore, an additional parameter
perror models the probability of a transmission error caused
by any other reasons.

Since the CSMA MAC model and its characteristic is
relatively well-known, we omit the detailed description due
to page limit.

III. C ONVERGECAST WITHRADIAL COORDINATION

Our convergecast protocol contains two essential elements.
The first is a hop-distance based temporal coordination heuris-
tic. The second is a constrained flooding mechanism. Note
that convergecast is often appear in two types of scenarios.
One is query-driven convergecast, the other is event-driven
convergecast. In a query-driven scenario, a convergecast takes
place after a query is broadcasted. In a event-driven scenario,
a convergecast takes place after an event occurs. The events
include physical events such as a gunshot is heard by the
sensors, and temporal triggers such as periodic snapshots of
the network state. While the coordination strategy used is
the same, the details in the temporal coordination is slightly
different for the two scenarios. In the next we use the query-
driven example for describing our algorithm detail and point
out the difference in an event-driven scenario.

A. Temporal Coordination Heuristic

Temporal coordination is our key strategy to reduce the col-
lision and packet loss. Rather than sending a reply immediately
after receiving the query, a nodei in the network will wait
for time Ti before sending the reply. We expect this to help
reduce the congestion around the root node in the convergecast
process. The question is then how does each nodei decide
what is their Ti. We suggest to use the “root-to-me” hop-
distance available from the proceeding query broadcast as a
variable, and letTi beT (hi) wherehi is the hop distance from
the root to nodei in the broadcast tree. Note that although for
asymmetric networks, “root-to-me” and “me-to-root” may be
different, it should not change this coordination scheme ina
significant way. We callT (h) thecoordination function or the
“nice” function.

The form of the coordination functionT (h) depends on the
topology of the network. The intuition is that, the further away
a node is from the root, the more nodes need to send a reply
before it does, so the longer it should wait to avoid unnecessary
collisions. How many more nodes there are depend on the
topology of the network. In the next we first derive it on a 2-
D square-lattice network, then a general formula is developed
for a randomly deployed network.

1) Square-Lattice Network: In a square-lattice network, as
shown in Figure 2, the number of nodes that areh-hops away
from a sink is4h. The total number of nodes that are less than
h-hops away from the sink is

4 + 8 + 12 + ... + 4(h− 1) = 2h(h− 1) (4)

Assume each node sends a packet to the sink and no data
aggregation is possible (e.g., the data is not compressible) or
present, also assume the average packet transmission time for

Fig. 2. An Example of Convergecast on a Square-lattice Network

one hop isτ , we have the expected transmission time for all
the packets initiated in less thanh hops away from the sink
to be received at the sink:

t(h) = 2h(h− 1)τ (5)

As a result, if the packets that areh-hops away waitt(h) before
start sending, the potential of collision with the transmissions
of packets that are generated less thanh-hops away could be
reduced significantly comparing to sending the response right
after receiving the query.

Consider the following two additional factors we can get a
more accurate timing estimate.

• On average it tookhτ time for a nodeh-hops away from
the root to receive the query. Note that the nodes one
hop away could try to send the reply immediately after
receiving the query. As a result, if all transmissions are
coordinated well, during thehτ time,h−1 packets could
have been received by the root. Note that this term shows
up only in a query-driven scenario, and does not occur
in an event-driven scenario.

• The nodes that areh-hops away do not need to wait until
all packets less thanh-hops away have been received to
start transmitting, because their packets could takehτ
time to reach the root. So we can pipeline these packets
earlier.

These two factors led us to refine and adjust the waiting time
formula to be as follows

t(h) = 2h(h− 1)τ − (h− 1)τ − hτ (6)

(Note in an event-driven convergecast scenario, the second
term does not exist. Sot(h) = 2h(h−1)τ −hτ , instead. Note
also that in a event-driven convergecast scenario, the prior
knowledge of the hop counth can come from a bootstrapping
phase, so this formula based on hop count is still practically
applicable.)

2) General Uniform Networks: In general, assume the
density of the network isd, namely, each node hasd neighbors,



the total number of nodes that are less thanh-hops away from
the sink is

d + 2d + 3d + ... + d(h− 1) =
d

2
h(h− 1) (7)

and the general waiting time formula becomes

t(h) =
d

2
h(h− 1)τ − (h− 1)τ − hτ (8)

One can apply a quadratic form transmission delay function
for replying to a query or responding to an event in any 2D
uniformly deployed network as:

t(h) = ah2 + bh + c (9)

where a, b and c are constants that can be obtained offline
given the application scenario (e.g., query-based or event-
driven, density (d), bandwidth (τ ), etc.).

However, according to this formula, all the nodes ath-
hops away would send out at the same time, which will cause
collision at the sink, even though all packets sent out by the
nodes that are less thanh-hops away have been received by the
sink by that time. To take this factor into account, we added
an additional random offset:

T (h) = t(h) + rdhτ (10)

wherer is a uniformly distributed random number from 0 to
1, anddh corresponds to the number of nodes at distanceh
for a uniformly distributed network. Replacet(h) in (10) by
the formular in (8), and whend is large, we have

T (h) = [
h− 1

2
+ r]dhτ (11)

3) Local Coordination Heuristic: A local coordination
function can be obtained even when the network is not
uniformly deployed. In this case, formula (11) still can be
used as a local coordination function, whered is the number
of neighbors of this node. The coordination strategy is totally
local, depending only the information at this node. In practice,
τ can be either fixed offline, to be sent with the query, or to
be adaptive online. In simulation (Section IV), we will show
that one can useτ as tunable parameter for tradeoffs among
latency, throughput, success rates, and energy consumption.

B. Constrained Flooding

Constrained flooding is a routing strategy that we have
developed for wireless sensor networks [14]; it has been
applied to various applications including convergecast and
shown to have overall high performance metrics, in terms of
high success rates and low energy consumption. Even though
the temporal coordination heuristic described in the previous
section can be applied to tree-based convergecasting as well,
in our simulation experiments, it does not achieve as high
success rate as the constrained flooding mechanism.

Constrained flooding in general has an initialization phase
and a routing phase. The initialization phase establishes a
“potential field” by propagating from the sink. In query-based
scenarios, the initialization is at the time of query broadcasting.

In event-driven scenarios, the initialization is the bootstrapping
from the base station. Each node maintains the “distance”
value from the node to the sink. This value is obtained at the
initialization and can also be learnt during the routing process
[14]. During the routing process, each node will rebroadcast
the received packet only if the node is not too much “further”
away from the sink than its sender. Furthermore, a delay is
added so that the node with “shorter distance” will transmit
earlier and a probabilistic suppression mechanism is applied.
It works as follows. Each packet contains a number indicating
how far away the sender node is expected to be from the root.
When a node hears a packet which is sent or relayed by a
node that is further away, then it will try to forward the packet
in a probabilistic manner. It will wait for a certain period of
time according to its relative “distance” to the sink beforethe
attempt to forward. Note this waiting period is corresponding
to the relative distance rather than the absolute distance we
used in the temporal coordination heuristics. If during the
waiting time, the node hears the same packetN times, then
with probability of 1/N it forwards the packet.

Combining the temporal coordination heuristic with con-
strained flooding, the delay time of transmission is set accord-
ing to the delay function in (11). The probabilistic suppression
mechanism is used to further reduce collision and improve
efficiency.

IV. SIMULATION RESULTS

We have simulated the radial coordination strategy described
in the previous section in two scenarios, using Prowler [13]. In
these experiments, the radio model is set according to Section
II, with σα = 0.45, σβ = 0.02, and perror = 0.05. The
threshold reception is set to be∆ = 0.1.

The first experiment is on a uniformly deployed network
with all the nodes sending one packet almost at the same time
(within 0.25 seconds). This example is used for theoretically
analyzing the tradeoffs among latency, throughput, success
rates and energy consumption. The second example is from a
real application “shooter localization” [15] where the network
topology and traces are obtained from the real experiments.

In the next, we first describe the performance metrics that
are used for comparisons of routing strategies.

A. Performance Metrics

We have developed a set of performance metrics for compar-
ing different routing algorithms, including latency, throughput,
success rates, energy consumption, etc.

• Latency: The latency of a packet measures the time delay
of the packet from the source to the destination. For any
destination, ifn packets have arrived, latency for that
destination is given by

∑
i di/n , wheredi is the latency

of the ith packet. The latency of the network is then
averaged by the number of destinations. Note that we
use latency rather than the number of hops as the metric
since latency consists of not just the number of hops,
but also the length of transmission queues, the random



delays at the MAC layer, and deliberately added delays
in routing algorithms to avoid collisions.

• Throughput: Throughput at a destination measures the
number of packets per second received at the destina-
tion. The throughput of the network is the sum of the
throughput from all destinations.

• Success rate: The success rate of a network measures the
total number of packets received at all the destinations
vs. the total number of packets sent from all the sources.

• Energy consumption: The energy consumption is the sum
of used energy of all the nodes in the network. In the cur-
rent version, we assume that each transmission consumes
energy proportional to its signal strength. Therefore, the
energy consumption is proportional to the total number of
packets sent in the network. A more complicated energy
model can be built as well.

B. Performance Tradeoffs using Radial Coordination

The simulation is performed on a uniformly deployed 10x10
network, as shown in Figure 3. Note that not only the
connectivity is not symmetric (σα = 0.45), but also there is a
small dynamic variance (σβ = 0.02) and a probability of error
(perror = 0.05).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Snapshot of Connectivity for a 10x10 Network

Assume that every node except the sink needs to send out
a packet within 0.25 second time frame. Using the radial
coordination scheme, the actual sending is delayed according
to the temporal coordination heuristic in (11). The delay of
transmission is recorded in the latency metric. By varying the
delay coefficientτ in formula (11), one can control the latency
and the success rate. A total of 10 random runs were conducted
and Figures 4 (a)-(d) show the performance metrics with
respect to the delay coefficientτ , which is varying from 0 to
9000. The results show that with the increase ofτ , the success
rate increases, however, the latency also increases and the
throughput decreases. Without using the radial coordination
(i.e. τ = 0), the success rate is only less than 10 percent, and
using radial coordination, the success rate can go up as highas
more than 90 percent. For different applications with different
performance requirements, one can select the bestτ that fits
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Fig. 4. Tradeoff of Performance Metrics using Radial Coordination



the purpose. For example, if high success rates are important,
one may want to increaseτ ; on the other hand, if the high
throughput or low latency is important, one should choose a
small τ instead.

C. Shooter Localization

Shooter localization [15] is a real example of the event-
driven type of convergecast; the application is used for getting
all the acoustic data that are above certain threshold to the
base station, so that the source of the sound can be located.
In this experiment, the network topology (Figure 5), the sink
location and the event trace data are obtained from the actual
experiments on the hardware platform. The network is about
10 hops.
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Fig. 5. Node Distribution in Shooter Localization Experiment

Three algorithms are compared for this scenario:

• Gradient flooding with duplication: this algorithm is
actually used in the shooter localization application, im-
plemented in TinyOS/NesC. Like constrained flooding, a
potential field is generated in the initialization phase and
data flow to the sink in the direction of the potential field.
No data suppression mechanism is used, however, each
packet may be transmitted up to 3 times to increase the
reliability.

• Backbone tree: this algorithm uses directed diffusion [16]
to create a backbone tree [17] in the initialization phase
and passes packets to parents during routing.

• Radial coordination: apply radial coordination presented
in this paper to reduce collision, withτ set to be 1000
and 4000.

Figure 6 shows the latency (a), throughput (b), success rate(b)
and energy consumption (d) for all the algorithms applied to
this application scenario. We can see that (1) tree-based con-
vergecast does not work as well as flooding-based strategies
for this application, and (2) by sacrificing the latency metric,
one can get higher success rates.

V. D ISCUSSION ANDFUTURE WORK

We have performed various tests on the first experiment (the
10 x 10 uniformly deployed network). We have added radial
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Fig. 6. Performance Comparison for Shooter Localization: (a)Latency (b)
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coordination to tree-based convergecast as well. However,
for the tree-based convergecast, even withτ going up to
9000, the maximum success rate is still less than 0.5. For
the results shown in the previous section, we have applied



radial coordination to both original and forwarding packets.
We have also tested applying radial coordination to original
but not forwarding packets. However, the maximum success
rate is also less than 0.5. By changing the distribution of
the random variabler in formula (11) from [0, 1) to [0, δ)
whereδ > 0, the performance changes as well. If removing
the random delay term totally we can only get the success
rate up to 0.7. We also found that by varying signal strength,
i.e., network density, the performance curves have the same
shapes, although energy consumption and latency etc. may
shift up or down; the denser the network, the higher the energy
consumption and the smaller the latency.

Radial coordination is a general mechanism that can be used
with other routing strategies, for example, use with packet
duplication and aggregation. When data compression and
aggregation is present in the convergecast process, the exact
form for the coordination function depends on the compression
properties of the aggregation operators used. Applicationspe-
cific analysis of appropriate temporal coordination functions in
the presence of data aggregation is a topic for future research.
For simplicity, we have only varied one variableτ to obtain
the tradeoff curves. By varying more variables in the general
coordination formula in (9), one will get better performance
curves overall. Given an estimated communication pattern,
one can obtain the coefficients by an offline optimization
procedure.

The impact of unreliable wireless link on convergecast has
recently been addressed in [8]. A TDMA-based approach is
investigated in [8] and a heuristic convergecast tree construc-
tion and channel allocation algorithm is proposed. Our study
complements the previous work by investigating efficient and
reliable convergecast protocols on CSMA MAC layer. Very
recently, a TCP like congestion control mechanism [?] has
been proposed to reduce the congestion in convergecast scenar-
ios. Our approach may be viewed as a congestion prevention
scheme that complements the reactive control scheme.

Our investigation has been focused on 2D networks. In
a one dimensional network, one can derive the coordination
function which is linear to the hop distance. Similarly, in a
3-dimensional network, the coordination function shall take a
cubic form on the hop distance. Experimental validation of
these cases is left for future work.

In addition, we have only investigated the benefit of radial
coordination for convergecast on top of the CSMA MAC
layer. Future work includes the the study of its impact on
convergecast on other types of MAC layers such as S-MAC
and TDMA.

VI. OTHER RELATED WORK

One-to-many and/or many-to-one information flow patterns
are almost ubiquitous in distributed computing applications.
Broadcast/multicast and convergecast are two major commu-
nication abstractions commonly used in distributed comput-
ing applications for supporting one-to-many and many-to-one
information flows. The issue of broadcast/multicast has be
widely addressed by the networking and distributed computing

community. Convergecast, however, is comparatively much
less researched for various reasons.

In conventional distributed computing, convergecast proto-
cols are relatively simple due to the fact that the underlying
communication links are relatively reliable and bandwidthis
not much of a concern. Convergecast protocols often use
the broadcast tree built during a broadcast process as its
communication structure. The children in the tree iteratively
send and forward data to their respective parents. In this
manner all data eventually convene at the root. Since the
communication structure is straightforward and no obvious
drawbacks, the key conventional concern in convergecast is
thus often the related issues like the problem of termination
detection, i.e., when does the root know that the convergecast
has terminated [18].

Convergecast in wireless sensor networks, however, de-
mands additional attention. First, in wireless sensor networks,
the broadcast tree might not be a good choice of communi-
cation structure for convergecast. The reason is that unlike
wire-line networks, wireless links can be unidirectional rather
than bi-directional, i.e., a node A can hear another node B
does not mean node B can hear node A. The importance
of this problem has been raised by several researchers re-
cently [12][19]. Second, wireless network is inherently not
reliable due to environmental noise and the hidden terminal
problem. The impact of this problem on convergecast has
recently been addressed in [8]. A TDMA-based approach is
investigated in [8] and a heuristic convergecast tree construc-
tion and channel allocation algorithm is proposed. Our study
complements the previous work by investigating efficient and
reliable convergecast protocols on CSMA MAC layer.

VII. C ONCLUSION
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Convergecast is frequently used for supporting various tasks
in sensor network applications yet its optimization has not
been extensively studied. In this paper, we investigate the
problem of packet loss in convergecast process in large scale
networks due to congestion and collisions near the sink, and
propose a coordinated convergecast protocol for achieving
higher convergecast reliability. We studied the performance of
the new protocol via simulation and show the tradeoffs among
reliability, latency, throughput and energy consumption.This
protocol is compared with other existing convergecast proto-
cols and shows dramatic improvements. We also demonstrated
in a real application scenario this protocol achieved dramatic
improvement in reliability comparing to existing convergecast
protocols.
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