
  

 

Abstract— This project studies the problem of distributed 

estimation of the extreme values such as the maximum and the 

minimum of the initial measurements at nodes in a distributed 

network without a fusion center. In the proposed algorithm, a 

nonlinear average consensus together with pre-processing and 

post-processing steps based on soft maximum functions is used. 

We show that all nodes will reach consensus on the estimate and 

the bias can be made small if a design parameter is set to be 

large. Simulations corroborating the results are provided. 

I. PROJECT DESCRIPTION 

Distributed networks with no fusion center have attracted 
many researchers due to broad advantages such as scalability 
[1-3]. In this work, we consider the problem of estimating the 
extreme values such as the maximum and minimum of the 
initial measurements in a distributed manner. This 
functionality in useful in various applications such as 
temperature control and network maintance [4].  

The proposed algorithm is based on nonlinear average 
consnesus and soft maximum functuions to pre-process and 
post-process the states at the network nodes. The algorithm 
can be expressed in three phases: i) Assume 𝑥𝑖  is the initial 
measurement at node 𝑖. In phase I,  we pre-process the initial 
measurements at the nodes. The initial state at node 𝑖, denoted 
as 𝑦𝑖 0 = exp 𝛽𝑥𝑖 ,  where 𝛽 > 0 is a design parameter. ii) 
In phase II, nonlinear dustributed average consensus is applied 
in the network. The updating rule at node 𝑖 at time (𝑡 + 1) can 
be expressed as, 

𝑦𝑖 𝑡 + 1 = 𝑦𝑖 𝑡 −  𝛼 𝑡  𝑑𝑖ℎ 𝑦𝑖 𝑡  −   
𝑗  ⋲𝑁𝑖

 ℎ 𝑦𝑖 𝑡  + 𝑛𝑖 𝑡  , 

where  𝛼 𝑡  is the step size, ℎ(. ) is a nonlinear function to 
bound the transmission power, and  𝑛𝑖 𝑡  is the 
communication noise. By appyling the iterative algorithm, the 
states of the nodes are converging to the average of the initial 
states. iii) Assume consensus is reached at time 𝑡∗ , the 
estimate of the maximum of the initial measurements can be 
obtained by processing the convergence result, i.e.,  

𝑥 𝑚𝑎𝑥𝑖  𝑡
∗ =  

1

𝛽
  𝑙𝑜𝑔𝑁 + log 𝑦𝑖  𝑡∗  . 

From the properties of soft maximum functions, we can 
see that the estiamte is always larger than the true maximum 
and the bias will be small if 𝛽  is chosen to be large. The 
nonlinear bounded function is used to bound the transmission 
power because the power will be large when 𝛽 is large when 
amplify and forward is used. Note that for  𝛽 < 0 ,the 
minimum initial measurement can be estimated. Figure 1 
shows results of max estimate with design parameter β=5.  

   
Fig. 1. Network structure and max estimate with β=5. 
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From the figure we can see that the max estimate can be 
obtained in a few iterations but it is not accurate.Simulation 
results for the max estimate versus time with β = 6 and 7 are 
shown in Figure 2. From the figure we can see that a more 
accurate max estimate can be obtained with larger β, but the 
convergence time is also longer. Additional work on wireless 
sensor networks presented in [5-14]. 

 

 
Fig. 2. Max estimate with β=6 (left) and β=7 (right). 

 

ACKNOWLEDGEMENTS 
The authors are funded in part by the NSF award ECCS – 1307982 and 

the SenSIP Center, School of ECEE, Arizona State University. 

REFERENCES 
[1] S. Kar and J. Moura, “Distributed consensus algorithms in sensor 

networks with imperfect communication: Link failures and channel 
noise,” IEEE Transactions on SP, pp. 355 – 369, Jan. 2009. 

[2] S. Dasarathan, C. Tepedelenlioglu, M. Banavar and A. Spanias, 
“Nonlinear distributed average consensus using bounded 
transmissions,” IEEE Transactions on Signal Processing, vol. 61, pp. 
6000 – 6009, Dec. 2013. 

[3] S. Zhang, C. Tepedelenlioglu, M. Banavar and A. Spanias, 
“Max-consensus using the soft maximum,” in 2013 Asilomar Conf. on 
Signals, Systems and Computers, pp. 433-437, Nov. 2013, 

[4] F. Iutzeler, P. Ciblat, and J. Jakubowicz,  “Analysis of max-consensus 
algorithms in wireless channels”, IEEE Transactions on Signal 
Processing, vol. 60,  pp. 6103-6107, Nov 2012. 

[5] M. Goldenbaum, S. Stanczak, and M. Kaliszan,  “On  function 
computation via wireless sensor multiple-access channels”, in Wireless 
Communications and Networking Conference, April 2009, pp. 1-6. 

[6] X. Zhang, C.Tepedelenlioglu, M. Banavar, A. Spanias, Node 
Localization in Wireless Sensor Networks, Synth. Lect. on Comm.,  
Morgan & Claypool Publ., Ed. W. Tranter, Dec. 2016. 

[7] S. Zhang, C. Tepedelenlioglu, , A. Spanias, M. Banavar, Distributed 
Network Structure Estimation using Consensus Methods,  Synth. Lect. 
on Communications,  Morgan & Claypool Publ.,  ISBN 
9781681732909,  Ed. W. Tranter,  Feb. 2018. 

[8] X. Zhang, M. Banavar, C. Tepedelenlioglu, A. Spanias, Maximum 
Likelihood Localization in the Presence of Channel Uncertainties, US 
Patent No. 9,507,011, Patent Issued Nov. 2016. 

[9] X. Zhang, M. Banavar, C. Tepedelenlioglu, A. Spanias, Distributed 
location detection in wireless sensor networks, US10,028,085,Jul 2018. 

[10] S. Zhang, Tepedelenlioglu, A. Spanias, Distributed Network Center 
Area Estimation, Patent US 10,440,553,  Oct. 2019. 

[11] G. Muniraju, C. Tepedelenlioglu, and A. Spanias, “Analysis and design 
of robust max consensus for wireless sensor networks,” Accepted IEEE 
Transactions on SIP over Networks, 2019. 

[12] S. Zhang, C. Tepedelenlioglu, M. Banavar and A. Spanias, "Distributed 
Node Counting in Wireless Sensor Networks in the Presence of 
Communication Noise," IEEE Sensors, p. 1175, Vol. 17, Feb. 2017. 

[13] S. Zhang, C. Tepedelenlioğlu, A. Spanias,  "Distributed Network 
Center and Size Estimation," IEEE Sensors, V. 18  p. 6033, 2018. 

[14] S. Zhang, C. Tepedelenlioglu, M.K. Banavar and A. Spanias, "Max 
Consensus in Sensor Networks: Non-linear Bounded Transmission and 
Additive Noise," IEEE Sensors, Vol.16, pp. 9089-9098, Dec. 2016 

Sai Zhang, Cihan Tepedelenlioglu, and Andreas Spanias     

Estimation of Extreme Values in Distributed Networks 

Communication noise 


