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Abstract— Miniaturization of health care devices has 

empowered the development of Wireless Body Area Network 

(WBAN). We can develop a smart health care system for 

continuous patient monitoring using WBAN. WBAN helps in 

assisting elderly people, early detection of abnormal conditions 

and supervised rehabilitation. WBAN requires quality of 

service and non - interference. The ideal choice of physical and 

MAC layer parameters can build an energy-efficient WBAN. 

To obtain energy -efficient WBAN, MAC protocol uses the 

Transmission Power Control Mechanisms (TPC). This paper 

analyses the different Transmission Power Control algorithms 

for ON and OFF body communication and classified them as 

Received Signal Strength Indicator (RSSI) based Link Quality 

Estimation (LQE), relay aided transmission, channel gain 

estimation and RSSI mapped with gait cycle. RSSI is an efficient 

parameter to calculate channel deviation and link quality. The 

comparison table summarizes the parameters, user state, 

performance metrics and node placement in these algorithms. 

Keywords— Wireless Body Area Network, Transmission 

Power Control, Link Quality Estimation, Received Signal 

Strength Indicator. 

I. INTRODUCTION 

WBAN consist of wearable and implantable sensor 

devices communicating over a short range. The 3tier 

architecture of WBAN [12] composed of i) Body wore or 

implanted sensors ii) A hospital information system for 

storage and management of health data iii) A mobile device 

acts as a personal gateway between 1 and 2 as shown in 

Fig.1. As stated by the IEEE 802.15.6 Task Group a WBAN 

channel should ensure the reliability in terms  of  Packet 

Error Rate (PER). 

 
 

Fig..1. 3-Tier WBAN Architecture 

The PER should be lower than 10%.  The latency should 

be lower than 125ms for medical applications and 250ms  

 
for non-medical applications [8]. Communication channels in 

WBAN changes over time. No need for static and predefined 

transmission power level. The energy spent due to wireless 

transmission and RF interferences with coexisting devices or 

networks is reduced by TPC mechanism. The transmission 

power control mechanisms are used to update the 

Transmission Power Level (TPL) based on current channel 

condition. The optimal TPL is required for successful data 

delivery. The communication between the coordinator, 

sensor nodes and base station are affected by large-scale 

fading. The change in communication from a line- of sight to 

non-line of sight the WBAN propagation paths can 

experience fading due to energy absorption, reflection, 

diffraction, shadowing by the human body, body posture, 

multipath propagation and presence of obstacles in the 

environment. 

 

II. CLASSIFICATION OF TPC BASED ON ON-BODY 

AND OFF –BODY COMMUNICATION 

 
Fig.2. Classification of ON and OFF Body Mechanisms 

 

III. ON BODY TRANSMISSION POWER CONTROL 

MECHANISMS 

The transmission power control schemes are degraded 

by walking movements. The data transmission should occur 

Fig. 1. 3-Tier WBAN Architecture 
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in ideal link points which reduce transmission power and provide 

guaranteed reliability. Consider a sensor node is placed at legs. In 

the back and forth movements of the legs, the sensor will come in 

the line of sight and gives peak RSSI. In rest of the gait cycle, the 

wireless link is blocked by the torso. The gait cycle is a repetitive 

pattern of steps and strides. A step is one single step. A stride is a 

long step when walking or running and it is a whole gait cycle. 

Body movements during walking are usually periodic and hence 

the channel fluctuation is also periodic and time synchronized 

with the gait cycle. Nearly 20dB of power is saved when the 

transmission occurs in RSSI peak. Sink node collects the 

acceleration and RSSI signal at a sampling rate  of 50Hz. In most 

of the algorithms, the length of the data packet is 128 bytes and the 

data rate is 250 kbps. The smartphone is an example of a sink 

node. The battery capacity of a smartphone is more than 

3000mAh. The On- Body TPC mechanisms are classified as 1) 

mapping gait cycle and RSSI 2) Relay nodes with RSSI 3) RSSI 

and LQE based TPC as shown in  Fig  2.  RSSI is computed 

internally in the radio by averaging the signal power over eight 

symbol periods of the incoming packets. 

A. Mapping the Gait Cycle with RSSI 

In Acceleration –Assisted transmission power control 

mechanism (AA-TPC) [5] the packet transmission occurs at 

the point when the link is at its best quality. At each peak 

point of RSSI, the link is stable and high in quality. 

 

 
Fig. 3 Acceleration Valley Points 

The acceleration valley points [5] are shown in 

Fig.3.Detect the candidate valley and the time interval 

between consecutive valleys. The amplitude of the 

acceleration valley must be less than the 25% of the nearest 

peak and valid valley amplitude. It is difficult to predict the 

acceleration valley only using amplitude threshold hence use 

successive descents and ascents at the valley. The shift 

between the acceleration signal and RSSI is half of one 

period. Obtain a correlation between RSSI and the measured 

acceleration signal. The local minimum (i.e. acceleration 

signal valley) coincide with local maximum (i.e. peak RSSI). 

Verify and detect the valid acceleration valley and the 

transmission time located. The transmission power is 

calculated using feedback information from the receiver. 

When the weighted average of RSSI is greater than the upper 

threshold then the power level decreases by 1. When the 

weighted average is lesser than the lower threshold then the 

power level increases by 1 or else the transmitter maintains 

the current output power. 

  To evaluate the accuracy, compare the channel points 

with optimal measured channel points. The RSSI threshold is 

taken as -90dBm [3]. The maximum time delay is 2 seconds 

when a packet waits for more than 2 seconds the packets are 

sent by conventional – TPC [1]. The Conventional-TPC uses 

a weighted average of RSSI and Link Quality Indicator 

(LQI). The transmission power increases or decreases by 

comparing the running RSSI average to the lower threshold -

85dBm and upper threshold -80dBm for mica z platform. 

There is no transmission time scheduling in conventional 

TPC mechanisms. 

In the Gait cycle driven transmission power control 

mechanism (G-TPC) [7], Determine the user states using 

mean absolute deviation. When the user is stationary 

conventional TPC mechanisms are used [1]. When the user is 

in movement at real-time template matching is used to track 

the gait cycle. The acceleration template is obtained by the 

accelerometer sensor placed at the user's pant pocket. To 

optimally fit the template subsequence, Dynamic Time 

Warping (DTW) is used and produces an accumulated cost 

matrix. To calculate the accuracy of stride points false 

positive rate and false negative rate are calculated as error 

measurement. The false positive rate is the sum of false 

detected stride points to the sum of labeled stride points. The 

false negative rate is the sum of undetected stride points to 

the sum of labeled stride points. After tracking the gait cycle 

estimate RSSI peak in stride point. G- TPC uses the gait  

cycle information from the accelerometer as the beacons. 

These beacons arrange the transmissions at the time points 

with the ideal channel state. The transmission power is 

determined by RSSI. At beneficial points, G-TPC adjusts the 

transmission power and schedules transmission. The location 

of the RSSI peak is 25% of a stride point. The current channel 

state is estimated by a weighted average of RSSI [7]. If the 

transmission power is unstable for 5 transmission cycles 

calculate RSSI peak again. Still, the power is unstable adopts 

the conventional TPC [1]. The computational cost is high. 

The transmission is conducted in the most beneficial time 

point in each stride which causes buffer delay. These 

drawbacks can be overcome by adopting Piecewise Time 

Warping and longtime gait cycle tracking. 

The low traffic overhead transmission power 

control mechanism [8] uses closed-loop control with the 

posture and motion detection algorithm. It is a proactive – 

TPC. During the user’s gait cycle to approximate the fading 

signal the on-body communication uses RSSI value. The 

position within the gait cycle is determined by the 

acceleration signal from inertial sensors. The link margin 

gain is the difference between RSSI value and Receiver 

sensitivity. It is used to detect the upcoming RSSI peak 

owing to acceleration or deceleration and time required to 

process information from 3 -axis accelerometer. It is also 

used as a threshold to reduce RSSI that to be achieved. At 

higher RSSI peaks the high link margin will occur. Low 

traffic overhead TPC adjusts the power level when the user 

performs periodic transmission movements.  
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The transmission power control mechanism reduces the 

control packets transmitted between coordinator and end 

device. It is applicable to the user performing periodic 

movements. 

Quwaider, Rao, Biwas proposed Dynamic Postural 

Position Inference (DPPI)[2]. In DPPI the current postural 

position is taken to calculate the best power level of the link. 

At the receiver during the run time the RSSI value is taken to 

predict the position of a body and transmission power is 

calculated based on it. DPPI takes the latest RSSI data to 

predict the position of the body. Large RSSI value will take 

more time to compute power level until the body posture 

can’t be constant. Hence in DPPI algorithm, only 2 recent 

RSSI values are taken. To get better power control 

mechanisms time taken to respond to the body posture could 

be fast. This is a reactive scheme that adjusts the transmit 

power based on feedback from the receiver. 

B. Using Relay Nodes with RSSI 

One hop-TPC fails to meet reliability hence two 

hop-TPC was proposed. The nodes near to the coordinator 

are taken as relay nodes. Based on the channel condition the 

nodes automatically switch between direct direction and relay 

aided transmission. Nodes adjust the transmission power 

based on RSSI. Even though when there is a direct 

transmission between far away node and coordinator (e.g. 

mobile phones) to measure RSSI value, the relay nodes will 

receive packets from faraway nodes and report the RSSI 

value to the coordinator. While not performing the relaying 

operation keeps on listening to the faraway node is a burden 

to the relay node. The listening action is performed in every 

n direct transmission beacon period and it is controlled by L- 

frequency. L-frequency is the reciprocal of n, where n is the 

number of transmission beacon  periods. The  Offset  value is 

a numerical value in dBm. When the  offset  value is high,  

the receiver threshold value is high hence to give reliability 

relay aided transmission occurs. When the offset value is low, 

the threshold value is low, direct transmission takes  place 

and energy is saved. These two tunable parameters L- 

frequency and Offset value are used to adjust receiver 

threshold, energy consumption and packet delivery rate of 

the faraway node. 

C. RSSI and LQE based TPC 

To obtain reliability and energy efficiency estimate 

short-term and long-term link state [4]. The preceding RSSI 

and average RSSI fails to estimate link state separately.  

Obtain several RSSI samples, based on its degree of 

variation, adjust the target RSSI and enables the transceiver 

to adapt the transmission power. Estimated short term link 

state is the summation of the average RSSI deviation from 

target RSSI threshold range. Estimated long term RSSI is the 

standard deviation of 5 RSSI samples. When the estimated 

link is negative the transmission power is excessive and if it 

is positive transmission power is low. Often increasing and 

decreasing transmission power is difficult and it is avoided 

by adjusting the distance. The minimum target RSSI 

threshold range is 3dbm. The upper threshold value is 

variable and the lower threshold value is fixed. 

The Adaptive Transmission Power Control Mechanisms 

[10] uses the adaptive channel gain predictor and adaptive 

fade margin estimator to predict the channel gain and 

transmission power. Adaptive TPC calculates the mean 

square error (MSE). MSE is the difference between the 

previous channel gain and actual channel gain. The channel 

gain is predicted after the reception of the n number  of 

beacon frame by an autoregressive filter. The filter memory 

is tuned according to channel variability and time offset. 

Filter memory factor which produces smallest MSE is taken 

as an adaptive channel gain predictor for the next iteration. 

To predict the channel gain correctly a constant fade margin 

is added to the channel gain prediction. Optimal fade margin 

value is the error obtained from the channel gain predictor. 

Sukhuman Archasantisuk proposed Temporal 

Correlation Model - Transmission Power Control mechanisms 

(TCM-TPC) [13]. It estimates a channel by a conditional 

distribution of channel gain. Using temporal correlation 

estimate conditional distribution of channel gain. From the 

estimated channel, transmit output power is selected. TCM 

takes last known channel gain, last transmission time, current 

transmission time and outage probability as inputs. The 

outage probability is defined as the probability of 

information rate less than the required threshold information 

rate. TCM algorithm adopts the conditional distribution as a 

normal distribution. Calculate target transmission output 

power from target channel gain and radio sensitivity. The 

transmission output power is greater than or equal to 

maximum configurable transmit output power. 

IV.  ON BODY AND OFF BODY-TRANSMISSION 

POWER CONTROL MECHANISMS 

The transmission power control mechanisms for on 

and off body communication are classified as 1) RSSI and 

LQI based TPC 2) Channel deviation based TPC as shown  

in Fig 2. 

A) RSSI and LQI based TPC 

In transmit power control for body area sensor 

network [1], Received Signal Strength Indicator (RSSI) and 

Link Quality Indicator (LQI) are taken as metrics to calculate 

link quality. The average weight of a sample which 

represents an improving channel, average weight of a sample 

which represents a deteriorating channel and exponential 

weighted averaging of the newly obtained sample is taken to 

calculate optimal power. Based on these parameters the 

transmission power increases multiplicatively or decreases 

additively. The increasing average weight of a sample of an 

improving channel increases energy saving and increasing 

average weight of a sample of a deteriorating channel 

increases the reliability. 

In off-body communication mobility of Body Area 

Network (BAN) causes interference with another BAN and 

heterogeneous network. The link quality measurement based 

on RSSI alone is not enough [3] to discriminate signal 

attenuation and interference. In case of inference node even 

though RSSI is high, the link degraded. It is due to 

unmodulated and modulated carrier.  
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          Unmodulated carrier simulates interference between 

heterogeneous networks such as WLAN and Bluetooth. While 

modulated carrier simulates interference between another 

BANS’s. RL -TPC[3] paper takes two metrics RSSI and LQI. 

Link Quality Indicator measures the chip error rate for the 

first eight symbols of the incoming packets. In RL-TPC [3] 

algorithm, the transmission power fluctuates between 3 dBm 

and 31dBm. The current link state is calculated by probing 

the channel with data packets and then adjusts the 

transmission power according to a link state. 

B. Channel Deviation based TPC 

The channel deviation based TPC [9] explains about off 

body channel that’s prone to deep fading. Three practical  

and novel power control methods are 1) Traditional power 

control mechanisms with key parameters fixed.2) Updating 

the high threshold parameter based on the channel deviation 

3) for future, the transmit power can be set for several time 

slots. These three methods were executed in the open office 

environment, outdoor environment, and home environment. 

A communication link is between the nodes placed in the 

chest to the base station, wrist to the base  station and chest 

to a wrist. In open office environment when the user is in a 

standing position there is no impact on transmission power. 

In the outdoor environment when  the subject  is away from 

the base station received signal strength for a chest to a base 

station is low due to Non-Line of Sight. When the subject 

comes close to a base station the received signal strength 

increases. When the node and base station are far away from 

each other received signal strength decreases and low fixed 

transmit power level will produce low outage probability. 

The outage is a performance metrics defined as an  event  

that happens when the received signal strength at the 

receiver side is below noise threshold of -92dBm. 

High static transmits power level will waste energy. The 

traditional power control algorithm is a static transmit power 

control algorithm [9] which concentrate  on  making  the 

RSSI of the next time slot greater than the lower threshold 

value. Hence the next channel gain falls into the deviation 

domain. Using RSSI, current channel gain and transmit 

power predict the upcoming time slot channel gain and 

transmit power. A tunable parameter is used to provide a 

tradeoff between energy efficiency and outage probability. 

The upper and lower threshold values are fixed. In  the 

second case, the dynamic transmits power control algorithm 

the upper threshold value is dynamically updated. When the 

user moves are very active, the channel will deviate more. 

Hence varying upper threshold value is needed to give better 

outage. The sample and hold algorithm reduce the workload 

of the transmitter node while broadcasting. Multiple 

timeslots are taken for broadcasting and the transmit power is 

held constant during a back-off period. The back off period is 

bounded by the maximum and minimum allowable values. 

Depending upon the channel status back off parameter will 

be adjusted. When the transmission takes more time slots the 

back off period is increased by a constant and the power 

should be maintained for two more time slots. 

When channel fluctuation is more, the back off period is 

reduced and transmit power is updated at every time slot. The 

transmit power increases additively and decreases 

multiplicatively.Superframe transmission is efficient using 

the sample and hold algorithm. 

V. WBAN SETUP AND SIMULATOR 

Wireless Body Area Network and Wireless Sensor 

Network use network simulator CASTALIA and MATLAB. 

Calculate transmission power from received signal strength 

and path gain in MATLAB.CASTALIA has energy 

consumption module which calculates energy consumed by 

transmission mode, reception mode, sleep mode and state 

transition mode [14]. The algorithms present in this paper 

are executed in an indoor and outdoor environment. The 

nodes are placed in the star topology.  The  MAC  layer 

works in beacon mode with beacon period super frame 

boundaries and scheduled access mechanisms. 

 
VI. LIMITATIONS OF TRANSMISSION POWER 

CONTROL MECHANISMS 

The transmission power control mechanisms taken in 

this paper had limitations such as 1) high sampling rate 

2) assuming periodic movements 3) Interference and 4) 

Non-Line of sight and as shown in Fig 4. 

 

Fig 4. Limitations of Transmission Power Control Mechanisms 

 
The TPC algorithms require a high sampling rate 

and it is provided by movement of a subject. The 

physiological metrics such as body temperature cannot 

provide a high sampling rate as it will not change abruptly. 

All the algorithms mentioned in this paper assume the 

movements are periodic and hence the channel fluctuation is 

also periodic. The TPC-mechanisms discriminate the 

interference and attenuation signal. But it doesn’t give a 

solution to overcome interference. The relay aided 

transmission power control mechanism was applied between 

two nodes and one coordinator. When the number of faraway 

nodes increases relay node will get overburden and we have 

to sacrifice the energy to get better reliability. 
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     The transmission of control packets also causes 

congestion in relay aided transmission. In RL-TPC [3] 

compare to compare to transmission time interval the 

channel coherent time is larger. The coherence time is the 

time duration over which the channel impulse response is 

 considered to be not varying. When the fluctuation is fast, the 

feedback signal fails and produces invalid transmission power. 

TABLE.I Comparison of TPC Algorithms 

Name of the Paper Algorithm 

Used 

Parameters Performance 

Metrics 

Communication 

protocol 

User 

State 

Node 

Placement 
1)TPC[1] Optimal offline RSSI,LQI Packet Receive  Normal Device placed in chest 

 Transmit Power  Ratio Walk, Slow  

 Control   walk, Resting  

 ,Practical online     

 transmit power     

 control     

2)Body - Dynamic RSSI, Slope and Packet Delivery IEEE 802.15.6 Sit, Lie down, Arm-transmitter node 
Posture - Postural Position Intercept Rate, Energy Per  stand and walk Waist-receiver node 
Based Inference  Packet    

Dynamic       

Link power control [2]       

3)RL-TPC(3) Weighted 
averages of 
RSSI and LQI 

RSSI,LQI Maximum Energy 
Efficiency, 

Packet Loss 
Reduction 

IEEE 802.15.4 Static, Semi- 
Dynamic 
,Dynamic 

Wrist-Sender node 
Pocket-Receiver node 

4)LSE-TPC(4) Short term link Average RSSI Energy efficiency,  Stationary, Left Packet-Hub 
 state Estimation deviation, Packet Reception Body motion, Right Wrist-Sensor Node 
 and Long-term Target RSSI Rate Dynamic  

 link state threshold value  Motion  

 estimation     

5)AA-TPC(5) Correlation 
between RSSI 

and Acceleration 
Signal 

RSSI Energy 
consumption, 
Packet Loss Rate. 

 Stationary and 
motion 

Wrist-transmitter node 
Waist –Sink 

6)Relay Aided TPC(6) Averaged 
Channel 
Condition 

Offset, 
L-frequency 

Packet Delivery 
Rate, Network 
Lifetime 

 Direct 
transmission 
Two hops 
transmission 

 

7)G-TPC(7) Adaptive 
Transmission 
Power Control 

RSSI Power 
consumption 
Packet loss rate 

IEEE 802.15.4 
LR-WPAN 

Stationary and 
motion 

Ankle-end device 
Pant pocket-Sink 

8)Low Traffic Closed loop RSSI and LQE Packet Data Rate, IEEE 802.15.4 motion Wrist-end device 
overhead TPC[8] control with based Latency time, LR-WPAN  Hip-coordinator 

 posture and  power    

 motion detection  consumption    

9)Channel A traditional RSSI Energy efficiency IEEE 802.15.6 Sitting, Chest to the base station (off 
Deviation based power control    Standing, body), wrist to base station (off 
TPC[9] algorithm,    Random body) chest to wrist (on a body) 

 An adaptive    walking  

 power control      

 algorithm,      

 Sample and      

 Hold power      

 control      

 algorithm      

 Adaptive Adaptive Latency IEEE 802.15.6  Hub/transmitter- chest., Receiver- 
10)Channel Transmission channel gain   right hip, left side of the back, low 
Estimation Power Control prediction,   centered back, left arm, left ankle 

and TPC [10]  Fade margin    

  estimation    

11)Temporal Temporal Conditional Packet Loss Rate, IEEE 802.15.4 Walking Transmitters -ankle, chest, ear, 
Correlation model Correlation Probability Energy   head ,shoulder ,thigh, upper arm, 
based TPC[13]  distribution, Consumption   waist & wrist, Receiver-abdomen 

  channel gain     
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VII) CONCLUSION 

This paper classifies on and off body TPC 

mechanisms based on Received Signal Strength. The 

algorithms mentioned in this paper takes average RSSI/LQI 

or preceding RSSI as inputs to calculate link quality, 

channel deviation and channel gain. Based on the result the 

transmission power was adjusted. To discriminate the 

interference and attenuation signal, LQI is used. LQI gives 

high variance and saturates earlier. Hence the Non- line of 

sight and interference are major limitations in transmission 

power control mechanisms. The interference due to off- 

body communication is more and it can be avoided by game 

theory techniques. To design energy efficient MAC other 

than transmission power control mechanisms we need to 

consider the sleep and wake up scheduling of nodes to save 

energy. From this study when the patient or subject is in 

movement, Gait cycle driven TPC mechanism (G-TPC) and 

low traffic overhead TPC mechanisms are effective. Gait 

cycle driven transmission power control mechanisms can be 

applied along with sample and hold algorithm to broadcast 

several super frames to other WBAN in the ideal channel 

condition. When the channel is stable for a long time, this 

approach will decrease the workload of the transmitter. 
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