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impose a maximum duration constraint
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time while in the free state

31 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

MAC Automaton Analysis

The signal bottom level - BLs(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a signal enabled transition

32 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

MAC Automaton Analysis

The signal bottom level - BLs(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a signal enabled transition

The timer bottom level - BLt(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a timer enabled transition

32 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

MAC Automaton Analysis

The signal bottom level - BLs(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a signal enabled transition

The timer bottom level - BLt(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a timer enabled transition

Signal enabled transitions are assigned 0 weight

32 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

MAC Automaton Analysis

The signal bottom level - BLs(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a signal enabled transition

The timer bottom level - BLt(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a timer enabled transition

Signal enabled transitions are assigned 0 weight

Timer enabled transitions are assigned weight equal to the
state duration

32 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

MAC Automaton Analysis

The signal bottom level - BLs(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a signal enabled transition

The timer bottom level - BLt(SMAC ,SPHY ) - the minimum
length of all the elementary paths from SMAC to SPHY in the
MAC automaton with first edge a timer enabled transition

Signal enabled transitions are assigned 0 weight

Timer enabled transitions are assigned weight equal to the
state duration

Bottom Level computation - all pairs shortest paths having as
intermediate nodes only free states

32 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Table of contents

1 Introduction

2 MAC Layer Behavior Description

3 Hardware Description

4 MAC Layer to Physical Layer State Mapping

5 Performance Evaluation

6 Conclusions and Future Works

33 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

E [P ] =

n
∑

i=1

Psi × ti .

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

E [P ] =

n
∑

i=1

Psi × ti .

The minimum transition time of a path

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

E [P ] =

n
∑

i=1

Psi × ti .

The minimum transition time of a path

tmin =
n

∑

i=1

ti min

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

E [P ] =

n
∑

i=1

Psi × ti .

The minimum transition time of a path

tmin =
n

∑

i=1

ti min

The minimum energy consumption

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

Physical Automaton Analysis

For a path P = {s1, s2, ..., sn} in the radio device automaton,
a measure of the energy E [P ] consumed :

E [P ] =

n
∑

i=1

Psi × ti .

The minimum transition time of a path

tmin =
n

∑

i=1

ti min

The minimum energy consumption

E [P ]min =

n
∑

i=1

ti min × Psi

34 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

For a timed path in the radio device automaton of duration
tpath the extra time w.r.t the minimum transition time of the
path tmin should be spent in the non-transitional state of the
path with the minimum power consumption smin

35 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

For a timed path in the radio device automaton of duration
tpath the extra time w.r.t the minimum transition time of the
path tmin should be spent in the non-transitional state of the
path with the minimum power consumption smin

E [Ptimed ] =

{

E [P ]min + (tpath − tmin) × Psmin
tpath ≥ tmin

∞ otherwise

35 / 50



Introduction
MAC Layer Behavior Description

Hardware Description
MAC Layer to Physical Layer State Mapping

Performance Evaluation
Conclusions and Future Works

MAC Automaton Analysis
Physical Automaton Analysis
Mapping Decisions

For a timed path in the radio device automaton of duration
tpath the extra time w.r.t the minimum transition time of the
path tmin should be spent in the non-transitional state of the
path with the minimum power consumption smin

E [Ptimed ] =

{
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The distance dist(S1,S2) in the physical device automaton -
the minimum of all the lengths of the elementary paths leading
from S1 to S2 in the duration-weighted device automaton
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The transition into a state s from Input Admissible(SMAC )
might have to be performed before the beginning of SMAC in
order for all the transitions out of SMAC to remain realizable.

offset(s,SMAC ) = max{0,

max
SPHY ∈Reachable(SMAC )

{dist(s,SPHY ) − BL(SMAC ,SPHY )}}
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Analysis - carried out under the assumption of ideal channel
conditions (no hidden terminals or capture)

Station behavior modelized by a two-stage Markov chain with
the goal of determining

τ stationary probability that the station transmits in a
randomly chosen slot time
pb probability of finding the medium busy when performing
CCA
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...........

Markov chain model for
B-MAC backoffs

P{i , k|i , k + 1} = 1 k ∈ (0, Wi − 2), i ∈ (0, 1)

P{0, k|i , 0} =
(1 − pb)

W0
, k ∈ (0, W0 − 1), i ∈ (0, 1)

P{1, k|0, 0} = pb/W1, k ∈ (0, W1 − 1)

P{1, k|1, 0} = pb/W1, k ∈ (0, W1 − 1)
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Transmission occurs when the backoff time counter equals 0
and the medium is found not busy while performing clear
channel assessment:

τ = (1 − pb) ×

1
∑

i=0

bi ,0 =
1 − pb

(1 − pb) ×
W0+1

2 + pb ×
W1+1

2

The medium is busy during a randomly chosen slot time if at
least one station has started transmitting during one the
previous l − 1 slots

pb =

l−1
∑

i=1

pi = (l − 1) × (1 − (1 − τ)n)

Non-linear system of equations in the two unknowns τ and pb

that can be solved using numerical techniques
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The average backoff energy
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with probability τ the station transmits a packet
with probability (1 − τ) the station is in a backoff stage with
an average energy consumption E [B]

E = τ · Ptx · ttx + (1 − τ) · E [B ]

The average backoff energy

E [B] =E [IB]+
∞
∑

i=1

pb
(i−1) × (1 − pb) × [(i − 1) × E [CB] + i × E(CCA)] ;

=E [IB] +
1

1 − pb

× E(CCA) +
pb

1 − pb
× E [CB];
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general paths
Evaluate the performance of the optimized B-MAC radio driver
for the platform WSN430 under the simulation environment
Worldsens as well as on a realistic experimental platform
Long-term goal is to generate optimized device driver code.
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