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Abstract. A reliable and energy-efficient contention resolution mechanism (CRM) is a 

crucial component of MAC protocols for wireless sensor networks (WSNs). Among a 

number of CRM proposals, CRMs based on exchanging short signal tones between 

competing nodes have recently drawn attention due to their promise of collision-

freedom and energy-efficiency. However, the basic assumption of these protocols, i.e. 

the possibility to reliably detect the presence/absence of a signal tone in case of 

simultaneous transmissions from multiple nodes, has not yet been confirmed. In this 

paper a technique for signal tone generation/detection is presented, which uses only 

standard features of off-the-shelf RF transmitters. Furthermore, the results of an 

experimental validation carried out in a real testbed are presented which demonstrates 

a high accuracy of signal tone detection in the presence of multiple simultaneous 

transmissions. 
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1. INTRODUCTION 

High energy efficiency and prolonged network lifetime in large-scale wireless sensor 

networks (WSNs) [3] can be achieved by grouping spatially close sensor nodes into 

disjoint subsets called clusters [1][2][3]. Each cluster consists of a dedicated sink node, 

called cluster head (CH), and multiple cluster members (CMs). CH collects and 

aggregates sensed data from CMs, via intra-cluster communication and then, it forwards 

the aggregated data to the base station, directly or in a multi-hop manner involving CHs 

of intermediate clusters. A number of MAC protocols are proposed for both intra-cluster 
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communication (between CH and CM) and inter-cluster communication (between CHs) 

[4][5]. The energy efficiency of the CMs is mostly affected by an intra-cluster MAC 

protocol, which manages the CMs access to the shared medium and tries to ensure that no 

collisions occur [6]. 

Intra-cluster MAC protocols can be classified as TDMA-based and contention-based 

protocols. TDMA-based MAC protocols divide time into frames of fixed duration. 

Frames are divided into slots, and each CM is assigned one slot in the frame. TDMA-

based protocols are characterized by low control overhead, but they are also inflexible in 

the sense that a CM cannot utilize slots of others, currently inactive, CMs to transfer a 

larger data packet to CH in the same frame. In contention-based protocols, sensor nodes 

coordinate their active/sleep periods such that all nodes are awake at the same time. 

During the active period, CMs first contend for medium access, by using a suitable 

contention resolution mechanism (CRM), and then, the winner of the contention 

transmits the data packet to CH. 

CRM based on the carrier sense multiple access (CSMA) protocol is often chosen due 

to its simplicity, low contention overhead and scalability [7]. With this scheme, the 

contention period is divided into a number of short contention slots. CM randomly selects 

a contention slot, senses the channel and withdraws if the channel is busy; otherwise it 

announces upcoming data transmission by transmitting a carrier signal until the end of 

the contention period. However, CSMA is susceptible to hidden terminal collisions, 

which cause high energy wastage due to the transmission and reception of collided data 

packets, as well as retransmission of lost data. The RTS/CTS handshake mechanism 

solves the hidden terminal problem and is widely used in general wireless networks [8]. 

With RTS/CTS, CM informs CH of its intent to transmit by sending a request-to-send 

(RTS) control packet. Then, it waits for clear-to-send (CTS) control packet from CH 

before starting the transmission of the data packet. Although the use of RTS/CTS 

mechanism avoids most of the collisions, it is particularly unsuitable for WSNs because 

of high overhead due to control packets exchange [9]. 

A special class of CRMs, based on the binary countdown protocol (BCD) [10], 

replaces RTS/CTS handshake with the exchange of RF tones (called signal tones) among 

neighbouring nodes to avoid collisions of data packets in WSN [11][12][12]. The signal 

tone is a short burst of RF energy transmitted on the channel frequency. By using a 

standard packet-oriented RF transceiver (e.g. CC1101 [14]), a signal tone is typically 

implemented as a short preamble-only packet. With respect to RTS/CTS control packets, 

the signal tones can carry binary information, only, but it is much shorter and thus 

consumes less energy. In the BCD protocol, contentions are resolved in several 

elimination rounds. At each round, a subgroup of nodes transmits a signal tone, while all 

the other nodes listen to the channel, and give up their attempt of gaining access to the 

channel if the channel is busy, otherwise, they proceed to the next round. In our earlier 

work, we proposed a BCD-like contention resolution algorithm with tone-based 

signalling in TDMA-based WSNs [15]. In [16] we proposed STAR-TONE MAC 

protocol, with bit map – binary countdown (BM-BCD) CRM, which modifies the 

baseline BCD scheme in a following way. Firstly, STAR-TONE involves CH actively 

into the contention resolution process, which eliminates the hidden terminal problem. 

Secondly, STAR-TONE introduces a novel group-splitting algorithm which allows 

extension of the contention period with additional rounds, which lowers the number of 

tone transmissions. The performance advantage of STAR-TONE protocol is particularly 
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evident under bursty traffic load conditions, when the contention resolution mechanism 

has to deal with a large number of contending nodes, and when it significantly lowers the 

energy consumption while increases the throughput.  

The crucial assumption with tone-based MAC protocols is that CH is able to reliably 

detect the presence of a signal tone even in case of multiple simultaneous tone 

transmissions. In order to prove this assumption, in this paper we develop the method for 

signal tone generation and detection, using only standard features of off-the-shelf RF 

transmitters. In addition, we report the results of experiments with real sensor nodes, 

which confirm the feasibility of tone-based CRM. 

The rest of the paper is organized as follows. Section 2 gives the short overview of the 

previously proposed STAR-TONE protocol [16]. Section 3 proposes the method for 

generation and detection of the signal tones. Section 5 describes the experimental setup 

and the performance results obtained. Conclusions are drawn in Section 6. 

2.  STAR-TONE PROTOCOL  

Before providing a detailed analysis of the method for generation and detection of signal 

tones, we will first give a brief overview of the STAR-TONE protocol [16]. STAR-TONE 

is a tone-based contention resolution protocol for clustered WSNs of star topology. The 

communication within the cluster is performed in a tightly synchronized manner with time 

divided into time-slots, and each slot accommodates one data packet transmission. The slots 

are not preassigned to individual CMs. Instead, potential senders (i.e. the CMs with data to 

send) must contend for medium access at the beginning of each slot and only the winner of 

the competition can send its data to CH.  

STAR-TONE is based on a multi-round elimination process, which divides the set of 

CMs recursively into two subgroups, eliminates one subgroup and continues the procedure 

until a subgroup is of size 1. At the beginning of each contention round, the set of non-

eliminated CMs is split into two groups: the group of active contenders (AC), and the group 

of silent contenders (SC). If an AC group is not empty (i.e. it contains of at least one 

potential sender), the SC group is eliminated, and all potential senders in this group are 

instructed to withdraw from the competition. Otherwise, the algorithm eliminates the AC 

group and keeps the SC group. The algorithm finishes when the survived group of CMs 

contains one node only, which becomes the winner of the contention. 

The contention resolution process of the STAR-TONE protocol is illustrated in Fig 1. In 

this example four of the seven CMs are potential senders (represented with black dots). In 

the first round (CR 0), the AC group consists of three CMs, among which two are potential 

senders. Since there are potential senders in AC group, the SC group is eliminated, which 

means that all potential senders from this group withdrawn from the contention in this 

round. In the second round (CR 1), the AC group consists of only one CM, which is not a 

potential sender. Thus, the AC group is eliminated and all CMs in the SC group proceed to 

the next round. In the third round (CR 2), both groups consist of only one CM. Since CM 

from the AC group is a potential sender, the SC group is eliminated. As the AC group 

consists of only one CM, and it is a potential sender, this CM is also the winner of the 

competition.  

The two main components of STAR-TONE are: (a) the tone-based signalling 

mechanism, which is used to test the presence or absence of potential senders in the AC 
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group and present this information to potential senders in the SC group; and (b) the group 

splitting algorithm, which partitions the group of non-eliminated CMs locally (at CMs) into 

AC and SC groups at the beginning of each contention round.  

 

Fig. 1 Example of the STAR-TONE CRM in a cluster of 7 CMs 

2.1. Tone-based signalling mechanism 

The contention period of the STAR-TONE protocol consists of M contention rounds, 

and each round is divided into two mini slots as shown in Fig 2. In this figure, shaded 

rectangles represent the tone transmissions while unshaded ones represent the tone 

detections. Each round has assigned an index  , starting from  . In the first mini-slot of a 

round, potential senders from the AC group announce their presence to CH by 

transmission of the transmitter-tone (T-tone). In the second mini-slot, CH notifies the 

potential senders from the SC group about the presence (or absence) of potential senders 

in the AC group, by transmitting (or not transmitting) the receiver-tone (R-tone). If a 

silent potential sender receives an R-tone it will withdraw from the competition (because 

it knows that there is at least one potential sender in the AC group). Otherwise, it will 

proceed to the next round.  

 

Fig. 2 Contention period 

Receiving a signal tone means detecting the presence of an RF signal, so, in order to 

receive a signal tone, CM (or CH) should sample the channel at the middle of mini-slot. 

The basic assumption of a tone-based signalling mechanism is that the tone collision does 

not violate their functionality. If a T-tone transmission is interpreted as logical 1, and the 

absence of T-tone transmission as logical 0, than during the first mini-slot of a contention 

round CH should receive the „logical OR‟ of the T-tone transmissions of all potential 

senders in the AC group.  
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3. SIGNAL TONES 

Signal tones are used in STAR-TONE as a means of signalling between transmitters 

and receivers during the contention resolution process. The signal tone is a short-lasting 

modulated or unmodulated RF signal transmitted on the channel frequency. Duration of 

the signal tone has to be short, in order to achieve time and energy efficiency, but long 

enough to enable reliable detection even in the presence of clock drift and radio 

interference. 

Signal tone carries the binary information, i.e. the signal is present or absent. 

Therefore there is no need for RF tone demodulation at the receiver. The presence of the 

signal tone can be detected by measuring the strength of the receiving signal, i.e. by 

sampling the channel. However, in the case of simultaneous transmissions, as shown in 

Fig. 3, the superposition of n overlapping signal tones creates a compound signal, whose 

strength depends on several factors, such as the relative strength and phase offset of 

individual signal tones. Therefore, the main question this paper seeks to resolve is 

whether the measurement of the signal strength is still a reliable method of signal tone 

detection in the presence of multiple simultaneous tone transmissions.  

 

 

Fig. 3 Multiple signal tones reception 

To this end, we will first describe a method for generation and detection of signal 

tones that uses standard features of off-the-shelf RF transmitters. Unfortunately, they do 

not provide a built-in support for generation and detection of signal tones. However, with 

most of them, signal tones can be generated/detected in an indirect way, by using 

available functions of the receiver. For our experimentations we use the transceiver 

CC1101 [14], and all the techniques for the generation and detection of signal tones are 

adapted to it. These techniques can easily be adapted to most of other RF transceivers for 

WSNs with minor modifications.   

3.1. Development platform 

For development and validation of proposed techniques we use the wireless sensor 

node platform based on the Texas Instrument‟s RF System-on-chip, CC430, which 

incorporates MPS430 CPU and CC1101 RF transceiver, together with the set of standard 

CPU peripherals [17]. 

Mixed-signal CPUs from the MSP430 family are based on CPU 16-bit RISC 

architecture and optimized for low cost and low power consumption. The current in the 

idle mode is lower than 1 µA. The highest CPU speed is 25 MHz. The wake-up latency is 

below 1 µs, which allows CPU to stay in sleep mode longer, and minimizes the 

receiver

transmitter
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consumption. Various peripherals can work autonomously due to low level interrupts, 

which also minimizes the time that CPU spends in active mode.  

CC1101 is a low-range sub-gigahertz RF transceiver designed for very low-power 

wireless applications. It can be configured for operation at different frequencies in the 

300-348 MHz, 387-464 MHz and 779-928 MHz bands. The RF transceiver is integrated 

with a highly configurable baseband modem. The modem supports various modulation 

formats and has a configurable data rate up to 600 kbps. Operating modes of transceiver 

are IDLE, SLEEP, TRANSMIT and RECEIVE. IDLE is the initial state of the transceiver, 

with typical current consumption of 1.7 mA. SLEEP is the lowest consumption mode, 

typically 200 nA, with the transceiver turned off and the current state of the most of the 

registers conserved. In the TRANSMIT state either the packet from the transmit buffer or 

the continuous preamble is transmitted, with a typical consumption of 16.8 mA  34.2 mA, 

depending on the output power, or the continuous preamble is transmitted, if the transmit 

buffer is empty. During the RECEIVE state the reception of the pocket is performed, with 

typical consumption of 14.7 mA.  

C1101 provides the extensive hardware support for packet handling, data buffering, 

burst transmissions, clear channel assessment, link quality indication, and wake-on-radio. 

The built-in support for packet-oriented protocols simplifies the transceiver-CPU 

interaction, and frees up CPU from low-level activities. The task of CPU is to prepare the 

packet in its local memory, copy the content of the packet to the transmit buffer of the 

transmitter, and issue the transmit command, as shown in Fig. 4. In the RECEIVE state, 

the transceiver demodulates the received RF signal and puts received data bits in the 

receive buffer. After the whole packet is received, the transceiver informs CPU via 

interrupt, which then copies the packet in its local memory. 

 

Fig. 4 Packet exchange between CPU and RF transceiver.  

The packet format for the CC1101 transceiver is shown in Fig. 5. Some parts of this 

packet can be configured. The packet consists of:  

 Preamble: series of alternating zeroes and ones. The preamble length, given in 

number of bytes, can be configured, and its minimum value is 1 byte.  

 Synchronization word: indicates the end of preamble and beginning of the payload 

data. Its default length is 2 bytes, and can be extended to 4 bytes.  

 Length: information of the length of the data field. It is used only in the mode with 

the variable data length.  
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 Address: address of the receiver node. 

 Data: contains user data. The minimum length of this field is 1 byte.   

 CRC-16: control sum calculated from fields Length, Address and Data; this field 

is 2 bytes. 

 

Fig. 5 Pocket format for CC1101 transceiver 

Preamble, synchronization word and CRC-16 are automatically added by the 

transmitter and removed by the receiver.  

3.2. Signal tone generation 

The basic requirement for signal tone generation is the possibility for accurate 

regulation of tone duration. However, since the CC1101 only operates in packet mode, it 

is impossible to generate a signal tone by directly controlling the transmitter circuitry, so 

the indirect way of signal tone duration regulation is needed. There are two approaches 

on how to generate single tones with CC1101.  

Packet-tone. In this approach an RF tone can be generated in the form of a regular packet 

of pre-specified length and arbitrary content. For a packet of total length of Npkt, the tone 

duration is:   

      
    

        
 

Assuming that preamble, the synchronization word and CRC-16 fields are all 

configured with the minimum length, the length of packet can be calculated as Npkt = 

(5 + N) bytes, where N  1 is the length of the data field, in bytes. Since the minimum 

length of this field is 1 B, the minimum tone duration is TTONE = 2.5 ms assuming bit rate 

of 19.2 kb/s. Since the length of data field is an integer value, the signal tone duration 

must also be given in discreet units with the quantization step of 0.42 ms. The advantage 

of this method is the possibility of precise tone duration regulation, and the shortcoming 

is a relatively high CPU engagement, which has to load the transmit buffer with the 

packet content for each signal tone, as well as the relatively high minimum duration of 

the signal tone and coarse-grained quantization step.   

Preamble-tone. The alternative way to generate a signal tone is to use the feature of 

CC1101 to transmit an uninterrupted preamble as long as the transmit buffer is empty. 

The signal tone is generated in the following manner: CPU enables transmission (which 

forces CC1101 to start preamble transmission) and starts the timer with timeout adjusted 

to the signal tone duration. After the timer timeouts, CPU disables transmission, which 

stops the preamble transmission. At all times the transmit buffer remains empty. This 

method is convenient because it allows both transmission of short signal tones and small 

quantization step with minimum CPU engagement. The shortcoming is the uncertainty in 
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signal tone duration, due to the latency of the CPU interrupts. However, the advantages 

are higher than the shortcomings, so we chose this method for signal tone generation.  

3.3. Signal tone detection 

A crucial issue with signal tone based MAC protocols is to provide a reliable 

detection of signal tones. The detection method should be fast (in order to allow detection 

of short-lasting signal tones), energy-efficient and interference-free (since the 

interference is common in WSNs), while providing a low probability of false detections. 

Since the signal tone carries only binary information, the natural way for signal tone 

detection is to measure the strength of the received signal at the expected moment of 

signal tone transmission, and then compare the measured value with a threshold level. 

With this threshold-based signal detection method, the signal tone is detected (i.e. 

present) if the measured value is above the threshold level. Otherwise, the signal tone is 

considered to be absent. Most of the commercially available WSN transceivers have the 

support for measuring the strength of the received signal, usually in a form of the 

electronic circuitry commonly known as RSSI (Received Strength Signal Indicator). In 

CC1101, the RSS value is available in 8-bit RSSI register. The measured values for the 

RSS can be in range [138, 10.5] dBm with the resolution of 0.5 dBm. 

The procedure for signal tone detection is as follows:  

1) CPU enables reception by switching transceiver‟s state from SLEEP to RECEIVE)  

2) CPU reads RSSI after 2.4 ms   

3) CPU disables the reception by switching transceiver back to the SLEEP state. 

Fig. 6 shows the current consumption of CC1101 during the channel sampling [17]. 

After CPU initiates reception, a time of 2.4 ms is required for CC1101 to transit from the 

SLEEP to the full RECEIVE state. Area marked as 1 in the Fig. 6 corresponds to the time 

needed for transition from the SLEEP to IDLE state. During the time period marked as 2, 

CC1101 calibrates internal circuitry, and then 2.4 ms after the reception is enabled, it 

enters the RECEIVE state. During the time period marked as 3, the CC1101 receiver is in 

an operating state. In this state, PLL is adjusted to the carrier frequency before the first 

RSS measurement is initiated. The first valid RSS measurement data is available in RSSI 

register at t = 3.3 ms. After reading the RSSI register, CPU returns the transceiver to the 

SLEEP state (period 4). The whole channel sampling procedure lasts at minimum 3.7 ms. 

 

Fig. 6 CC1101 current consumption during the channel sampling. 
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After the reception is disabled, CC1101 has to spend some time in the SLEEP state 

before the next reception is enabled. Thus, the minimum period for a single RSSI 

reading, including returning to the SLEEP state, is approximately 5 ms. 

3.4. Signal tone duration 

A detailed analysis of the timing parameters from Fig. 6, allows us to estimate the 

basic signal tones time constraints. The duration of the channel sampling procedure 

(5 ms) determines the minimum duration of the mini-slot (Fig. 2). The signal tone, which 

is generated by the transmitting node during the mini-slot should overlap with the time  

interval which starts at the moment when the receiver node enters the RECEIVE state 

(t = 2.4 ms), and ends at the moment when it completes the RSS measurement (3.3 ms). 

Therefore, the minimum duration of a signal tone is, approximately, min = 1 ms.   

Because in reality there is always some mismatch between the frequencies of the 

clocks in the transmitter and receiver nodes, the use of signal tone signalization requires 

time synchronization to adjust local clocks such that they match within prescribed limits. 

The methods for time synchronization in WSNs are out of the scope of this paper, and we 

only assume that a suitable time synchronization protocol is run periodically with a 

period of Tsync. If the clock drift rate of the nodes is  ppm (parts per million), than the 

maximum clock drift between any two nodes in the network is  = Tsync. 

The signal tone duration TTONE has to be long enough to provide the overlapping of 

the tone transmission with the channel sampling even in the case of maximum clock drift. 

The worst case scenario is created when the clock of one node delays for   and of the 

other node precedes for  . Therefore, in order to guarantee the overlapping between the 

signal tone transmission and channel sampling, the signal tone transmission must start 

2  before and end 2  after the channel sampling interval, as shown in Fig. 7. Thus, the 

signal tone duration should be (1): 

                            (1) 

where the min is the time needed for one channel sampling.   

 

Fig. 7 Duration of the signal tone TTONE 
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4. EXPERIMENTAL RESULTS 

The basic assumption with tone-based MAC protocols for WSNs is the reliable 

detection of signal tones in the presence of collisions (i.e. multiple simultaneous tone 

transmissions). Usually, the collisions cause the corruption of the signals, which leads to 

the information loss. In contrast to this, the signal tone detection in tone-based MAC 

protocols is only concerned with the presence or absence of the signal, which is sensed by 

measuring RSS. Also, for proper operation of a tone-based MAC protocol, a receiving 

node should be able to detect the presence of the signal even if two or more nodes 

transmit their signal tones at the same time, i.e. the collision of signal tones should be 

non-destructive. Hence, the main concern with the signal tone detection mechanism is 

how the signal tone collisions affect the measured RSS value.   

In order to confirm the assumption of the non-destructibility of the tone collisions, the 

following experiment has been conducted (Fig. 8). In this experiment we have used the 

development platform CC430, described in Section 3. The experimental setup consists of 

a central node, connected to the host computer, and five peripheral nodes, deployed in the 

circle of 15 meters in diameter. The central node periodically transmits broadcast 

messages, which are received by all peripheral nodes. With each message, the central 

node polls a subset of k  {1,...,5} peripheral nodes. After the reception of the broadcast 

message, the polled nodes simultaneously transmit the signal tone. The central node 

measures RSS and forwards this value to the host, which stores the RSS readings for later 

processing. This procedure has been repeated 1500 times for each subset of nodes.  

 

Fig. 8 Experimental setup: receiver and transmitter deployment  

Figure 9 shows the RSSI data collected using the described procedure. Each graph in 

this figure shows the RSSI variations over time for k = 1, 2, 3, 4, 5 active signal tone 

transmitters. In case of one active transmitter (Fig. 9(a)), the successive RSSI readings 

are relatively uniform. The RSSI value varies around 71 dBm, with standard deviation 

of only 0.68 dBm. The RSSI variation is a consequence of ambient noise. In the case of 

two active transmitters Fig. 9(b)) the mean value varies around 65 dBm, with standard 

deviation of 2 dBm. With the further increase of the number of simultaneously active 

transmitters (Fig. 9(c), Fig. 9(d) and Fig. 9(e)) there are two tendencies. Firstly, the mean 

value of RSSI increases, due to the higher total transmission energy. Secondly, the 

deviation of the measured values is higher, due to the interference of multiple RF signals 

at the receiver. These figures show that the measured RSS is always over 72 dBm 
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(horizontal line in the pictures), regardless of the number of active transmitters. Therefore, we 

can conclude that it is safe to adopt the value  of 72 dBm as the RSS threshold to 

differentiate between signal tone presence and absence.  

 

(a) 

 
(b) 

 
(c) 

 
(d) 

 
 (e) 

Fig. 9 Measured RSS values for different number of simultaneously active transmitters:  

(a) 1, (b) 2, (c) 3, (d) 4 and (e) 5 simultaneously active transmitters 
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Table 1 shows the mean values () and standard deviations () of RSSI for different 

number of simultaneously active transmitters. This table also shows the increase of the 

mean value with the increase of the number of simultaneously active transmitters, which 

compensates the increase of the standard deviation.    

Table 1 Mean values and standard deviations of measured RSS 

No. of the simultaneously 

active transmitters 

Mean value 

[dBm] 

Standard deviation 

[dBm] 

1 µ = -71 σ = 0.68 

2 µ = -64.84 σ = 2.12 

3 µ = -64.02 σ = 3.47 

4 µ = -63.77 σ = 3.61 

5 µ = -63.23 σ = 3.34 

The probability density functions of RSSI values for different number of active 

transmitters, and the corresponding cumulative distribution functions are shown in Fig. 10 

and Fig. 11, respectively. Looking at the ranges of RSSI values in Fig. 10, we see that the 

distance between the minimum and maximum measured RSS values increases with the 

increase of the number of active transmitters. However, it should be noticed that the 

minimum values of these ranges are approximately the same, regardless of the number of 

active transmitters, with very few RSSI reading lower than        . These results 

indicate that the same threshold value as in the case of single transmitter can be used for 

detecting the presence of signal tone in case of multiple tone transmitters. The Fig. 11 also 

confirms the initial assumption that the RSS measurement provides reliable signal tone 

detection in presence of collisions, which justify the use of signal tones as a means for inter-

node signalling during contention resolution phase of tone-based MAC protocols.  

 

Fig. 10 RSSI values distribution 

 

Fig. 11 Cumulative distribution function 

of RSSI values 
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5. CONCLUSION 

In this paper, we have investigated the feasibility of tone-based MAC protocols, in 

which the contentions are resolved by exchanging short RF signal tones between 

competing nodes. In particular, we have studied the STAR-TONE protocol, which is 

optimized for cluster networks, and provides a collision free communication between 

multiple peripheral nodes and singe cluster head. The contention resolution in the STAR-

TONE protocol is divided into several two-phase elimination rounds, where all non-

eliminated peripheral nodes transmit their signal tones in the first phase, and the cluster 

head responds with a signal tone in the second phase. The crucial assumption with this 

protocol is that the cluster head is able to reliably detect the presence of a signal tone 

even in the case of multiple simultaneous tone transmissions. In order to test this 

assumption we have first proposed a method for signal tone generation and detection. In 

this method, the value of receiver signal strength indicator (RSSI) is used to distinguish 

between the signal tone presence/absence. Than we have conducted series of experiments 

to assess the performance of the detection method in the presence of multiple simultaneous 

tone transmissions. Experimental results confirm that the collision of signal tones does 

not affect the reliability of their detection. Our main observation is that the measured RSS 

value always stays above a threshold value, regardless of the number of active transmitters. In 

particular, because the increase of the number of active transmitters increases both the mean 

value and deviation of RSS values, the minimum measured RSS value stays practically the 

same as in the case of a single tone transmitter. 
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