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o Tracking of humans in indoor environments has many applications in the healthcare 

segment. They can be used for example –  

• to track doctors and nurses 

• to monitor people in old age home for prolonged inactivity 

o Device free tracking is an effective and non-intrusive way to achieve this.  

o It also has applications in military surveillance, search-and-rescue operations, etc. 

o Radio-frequency (RF) tomography is an example of one such technology which can 

detect and track targets within the monitored area based on the attenuation and 

fluctuations caused in RF wireless transmissions. 

o Wireless networks of radio-frequency sensors have the advantages – easy deployment, 

inexpensive and transparent to non-metallic obstructions. 

o Indoor tracking is significantly more challenging than outdoor tracking because of the 

presence of multiple obstructions and this requires careful modelling of measurements. 

Introduction 

Problem statement 

Algorithms 

Measurement model 

o Measurement at time step 𝑘 is 𝑧𝑘 = 𝛾 − 𝛾𝑘 where 𝛾  and 𝛾𝑘 are reference and current 

time(𝑘) RSS vectors generated by the 𝑅(𝑅−1)/2 bidirectional links. 

o The goal is to estimate the target state 𝑿 𝒌 = {𝑥 𝑘,1, 𝑥 𝑘,2, … , 𝑥 𝑘,𝑁} using all the 

measurements up to time 𝑘. 

o The measurement model links the measurement vector 𝑧 to the system state 𝑋. 
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Results 

o Tracking is achieved using particle implementation of various filters. 

o The pseudo code for the different filters is outlined below  
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o Experiments performed at three sites having different nature of indoor 

obstructions. 

o A network of 24/28 sensors is used to collect data. 

o The sensor nodes are using system-on-chip (SoC) TI CC 2530 transceivers. 

Sampling Importance Resampling (SIR) Markov Chain Monte Carlo (MCMC) 

Additive Likelihood Moment (ALM) 

o Multi-path effects in indoor environment results in a link experiencing either 

attenuation or amplification when a target is nearby. 

o Hence we model the magnitude of deviation of signal strength vector  𝑦 = |𝑧| as the 

mean attenuation corrupted by Gaussian noise 𝑝 𝑦 𝑋 ∝ 𝒩(𝑔 𝑋 , 𝜎𝑤
2𝐼𝑀×M). 

o The mean attenuation on a link 

caused by a target at position 𝑥 is 

modelled as   

           𝑔 𝑥 = 𝜙exp −𝜆(𝑥)/𝜎𝜆  

    where parameters 𝜙 and 𝜎𝜆  are 

based on physical properties of the 

targets and sensors and 𝜆 quantifies 

the notion of distance between 

target and the link.  

o For multiple targets the mean 

attenuation is modelled as 

            𝑔 𝑋 =  𝑔(𝑥𝑖)
𝑁
𝑖=1   

o Assume 𝑁 targets are present inside an area 

monitored by a network of R nodes. 

o 𝑋𝑘 = {𝑥𝑘,1, 𝑥𝑘,2, … , 𝑥𝑘,𝑁} is the system state where 

𝑥𝑘,𝑛 is state vector of 𝑛𝑡ℎ target. 

o A Markov state evolution model is assumed for 

each target. 

True and estimated target trajectories for single target tracking in two different 

indoor environments – with heavy desks (left), through-the-wall tracking (right) 

(Left) True and estimated trajectory when two targets are present.  

(Right) Box-and-whisker plot of the error over time for different methods 

when two targets are present inside the network. 

Multiple Particle Filter (MPF) 


