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Abstract  

The intention of this document is to spur a discussion on techniques of identification, 

modelling, mitigation and elimination of non-line-of-sight (NLOS) propagation effects in 

wireless localization, especially for receive-signal-strength (RSS) approach. A survey of 

already existing solutions is provided, considering diversity and cooperative techniques, 

concepts of identification LOS/NLOS reference nodes, statistical approaches and hybrid 

systems. A review of on-topic research works conducted in the frame of the IC1004 Action is 

also given. While the analysis here is focused on indoor systems, it can be also applied to 

other environments like urban ones.  
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1. Introduction 

 

The COST Action IC 1004 and its Indoor Topical Working Group (TWG-I) are already active 

from more than one year, hence the main issues covered by TWGI are starting to crystallize. 

One of them is the topic of indoor localization, until now addressed directly in 8 TDs (7 

research institutions involved) with 10 additional TDs being related [1]. The intention of this 

document is to open a discussion on how this topic will be dealt by TWGI in future 3 years 

and to exchange experience with the audience putting emphasis on two main sources of errors 

in indoor localization: multipath fadings and non-line-of-sight (NLOS) propagation 

conditions. While the errors resulting from multipath channel fadings can be easily avoided 

using classical diversity schemes, the issue of NLOS propagation is not so straightforward. In 

indoor environments, due to large number of walls, obstacles and moving people, the first 

arrival path between a transmitter and a receiver is rarely LOS. Consequently, each 

localization-aimed measurement, i.e. time-of-arrival (TOA), time-difference-of-arrival 

(TDOA), angle-of-arrival (AOA) or receive-signal-strength (RSS) one will be significantly 

biased leading to an erroneously estimated position.  

 

The rest of this document is intended to be a survey of NLOS identification and mitigation 

techniques mainly. In Sections 2-8, different groups of already proposed solutions are 

reviewed. Section 9 contains a short overview of indoor localization IC1004 TDs and finally 

Section 10 includes the conclusions and some suggestions on future work. 

 

Each time a localization system is considered in this paper, it is assumed that the system 

consists of: 

 - a certain number of anchors with known positions, being reference points for other 

nodes; anchors can freely communicate with each other and share their knowledge; 

 - at least one wireless node, stationary or mobile, which position is to be estimated. 



The system can work (a) in the network-based mode when the wireless nodes transmit signals 

to the anchors or (b) in the mobile-based mode when the anchors transmit reference signals. 

The algorithms described below usually work for both modes, unless the anchors and wireless 

nodes have different capabilities (transmission power, sensitivity, antenna arrays, etc.). 

 

 

2. Locating a mobile node 

 

While diversity techniques can help to mitigate the adverse channel fast fading effects, they, 

in general, cannot overcome the problem of NLOS propagation. If the line-of-sight 

connection is blocked, using neither a different frequency, code nor extra antennas (located in 

the same place) will allow for a LOS transmission. NLOS propagation is related to slow 

fading effects. There is, however, one exception: when locating (tracking) a mobile node, a 

time diversity scheme can change NLOS into LOS conditions when the node to be located 

emerges from behind an obstacle (Fig. 1). The periods of LOS conditions can be here 

identified by sudden enhancements of the received signal. Fast and slow fadings can be 

distinguished taking into account the respective coherence distance of the radio channel [2]. 

Thus in NLOS situations, paradoxically, tracking a mobile node can be more feasible than 

locating a stationary one.  

 

 
Fig. 1. An example of a mobile node moving between NLOS and LOS areas. 

 

Other popular ideas of mitigating NLOS effects when tracking a mobile wireless device 

include data smoothing with Kalman filtering. As an input for the Kalman filter, the collected 

set of distance measurements or subsequent position estimates are taken [3-5]. In [6], the 

Kalman filter input data is additionally corrected by calculating first arrival paths for each 

anchor with Minimum Variance and Normalized Minimum Variance methods. When the 

movement parameters of the tracked object are also known, its velocity and the motion 

direction can be also a subject of an additional correction procedure, providing better tracking 

accuracy [7].  

 

 

3. NLOS/LOS anchors identification 
 



When the object to be localized is stationary and the environment is supposed to generate 

NLOS propagation conditions, one of the possible localization approaches is to distinguish 

between LOS and NLOS anchors, i.e. identify which anchors have a clear line-of-sight to the 

localized object. In [8] and [9], it is proposed to consider all subsets of the anchors set 

sufficient for the localization process, taking advantage of redundant anchors (when their 

number is larger than minimum to perform location estimation). For each anchor subset, the 

object position is estimated independently and then, the credibility of each estimation is 

calculated on the basis of residual errors resulting from the position estimation [8]. The final 

object location is calculated as a weighted sum of the estimations [8] or the best estimation 

(according to the maximum likelihood criteria) is taken [9].  

 

In [10], NLOS signals are not only identified, but they are exploited in the localization 

process thanks to calculating the coordinates of their reflection points. It is feasible when 

anchor nodes are equipped with antenna arrays and thus are able to determine the angle-of-

arrivals of received signals. Similar ideas of exploiting measured angle-of-arrivals are studied 

in [11, 12].  

 

 

4. Statistical approaches 

 

Another possible solution is to use the advanced statistics of the received signal. The analysis 

and simulation results reported in [13], limited however to modelled IEEE 802.15.4a UWB 

channels, show that the parameters like the kurtosis, maximum excess delay, and root-mean-

square (RMS) delay spread can be efficiently exploited in order to decide if the path to an 

anchor is of LOS or NLOS type. In residential, urban and indoor office environments, the 

mean kurtosis is lower, while the maximum excess delay and RMS delay spread are higher in 

NLOS than in LOS channels. A similar approach is taken in [14]. Assuming that the variance 

of the measured time-of-arrivals of the received signals is greater in NLOS cases (observed 

previously also in [15]), the variance is used as a weighting coefficient when estimating the 

object location. In contrast to the abovementioned works, other statistics-based solutions [16, 

17] suggest rejecting the data from redundant and suspected-of-being-NLOS anchors, while 

[18] adapts a combination of both ideas: some anchors are rejected and the rest of them are 

used with appropriate weights. Finally, [19] proposes to identify and compensate the NLOS 

biases.  

 

Several authors propose to model the position bias introduced by NLOS anchors as a certain 

random variables, see e.g. [20-22]. These techniques are, however, very difficult to apply in 

practice, as the parameters of the random variable distributions are unknown and cannot be 

measured without a priori knowledge which anchors are NLOS.  

 

 

5. Cooperative techniques 

 

Cooperative localization is a broad group of techniques not only limited to NLOS scenarios, 

but more general, applicable in a case when there is a network consisting of a large number of 

wireless nodes having unknown positions and few anchors. The reference signals transmitted 

by anchors are not enough for a node to determine its position, thus the network nodes must 

cooperate exchanging some data between each other [23]. In the NLOS scenarios considered 

in this paper, cooperative techniques can be also helpful, but rather as additional tools to 

correct the wrongly (because of shadowed/obstructed radio paths to anchors) estimated 



positions. Hence, they can be classified as refinement techniques [24]. According to the basic 

concept, the wireless nodes, after estimating their positions on the basis of anchor signals, 

perform the ranging measurements and exchange the position estimates with their neighbours. 

Then, each node calculates its own position again, using the data from neighbouring nodes 

[25]. This procedure can be repeated iteratively to minimize position errors resulting from 

erroneous NLOS anchor signals. Using additional confidence metrics is recommended in 

order to avoid position errors propagating through the network [25].  

The idea described above was further developed/investigated in many research works, e.g. in 

[26] with the belief propagation theory, in [27] with factor graphs, in [28] with the message 

passing and in [29] with the iterative parallel project method.  

 

 

6. UWB systems 

 

While the most of the solutions described above are applicable for ultra wideband (UWB) 

systems also, there are some unique features that make UWB especially attractive for the 

localization purpose. UWB systems are working in extremely large frequency bandwidth (at 

least 500 MHz or 20% of relative bandwidth) and are characterized by very high time 

resolution and accurate time-of-arrival measurements. In fact, they can even take advantage of 

the multipath propagation phenomenon, as multipath components arriving to a UWB receiver 

can be distinguished and each of them can be analysed separately giving an information about 

its propagation path [30]. In [31, 32] the reflected multipath components are treated as direct 

ones coming from virtual anchors (the anchors being reflected images of a real anchor in the 

planes of walls or obstacles). If the environment topology (e.g. an indoor room) is known, 

NLOS radio paths and respective virtual anchors can be exploited in order to perform position 

estimation with only one anchor in the network [33].  

 

The ability to distinguish the multipath components at a UWB receiver open the door for 

another UWB positioning technique called passive localization or UWB radar networks. 

Such a network consists of a UWB transmitter and a group of receivers following the changes 

in the registered channel impulse responses (CIRs). When an object or a person enters the 

monitored area, some of the CIRs will be modified. The comparison of CIR sets before and 

after the object appearance may enable to outguess the position of the localized object [34, 

35]. UWB radar networks are completely insensitive to NLOS conditions, as each multipath 

component is resolved separately and assigned to a specific physical radio path. It should be 

noted however that the time resolution of UWB systems is still limited, so distinguishing all 

multipath components of a signal is not feasible in practice. Moreover, taking into account the 

large bandwidth of UWB systems, their transmission range is very short, usually few or a 

dozen of meters. 

 

 

7. Fingerprinting 

 

Fingerprinting (also called mapping) is a group of techniques based on comparison of 

received localization signals (usually time-of-arrival or receive-signal-strength) with training 

data gathered before a localization system is put to use [36-38]. The comparison can be 

performed with e.g. k-nearest-neighbours algorithm [37], neural networks [39] or probability 

distributions [40].  

 



Speaking about NLOS conditions, fingerprinting techniques are very well suited to work 

without direct line-of-sight visibility between the localized object and the anchors, because 

their basic idea is just to match data patterns (to look for their similarities) independently what 

scenario these patterns describe in reality. However, the main feature of the fingerprinting 

systems is at the same time their main weakness: gathering training data is troublesome and 

frequently not feasible. Moreover, it means the localization system is not robust to 

environment and network topology changes.  

 

 

8. Hybrid systems 

 

There is also a quite significant number of research contributions describing hybrid 

localization solutions. It was proposed to deal with NLOS localization using joint TOA/AOA 

[41, 42, 11] or TDOA/AOA [43] measurements. In [44], a system based on camera images 

and RSS data from WLAN access points is described. In [45], RSS measurements are 

exploited together with data from motion sensors and binary foot-switches. Finally, in [4] it is 

proposed to use a system combining satellite navigation signals with ones coming from 

terrestrial networks.  

 

 

9. IC1004 indoor localization contributions 

 

Until now, the IC1004 on-topic works are focused on UWB and RSS techniques. In [46-48], 

an indoor UWB localization system using only a single anchor is investigated. The system is 

based in the fact that if the indoor room topology is well known, the reflected multipath 

components can be treated as coming from virtual anchors. In [46] the Cramer-Rao lower 

bound of the positioning accuracy is derived and in [48] the system performance is extended 

to tracking a mobile object. The document [49] analyzes the accuracy of a TDOA orthogonal 

frequency division multiplexing UWB localization system. In [50], a passive UWB 

localization is considered in a theoretical case of infinite temporal resolution of UWB 

receivers.  

 

Documents [51] and [52] deal with RSS data. While in [51] the authors look for opportunities 

to increase the positioning accuracy of an indoor sensor network using frequency diversity, in 

[52] it is proposed to supplement the RSS data with images from local cameras. Finally, there 

is quite large number of TDs addressing the issues of indoor channel models. The document 

[53] explicitly analyzes the propagation channel models for the purpose of indoor localization.  

 

 

10.Conclusions 

 

This document gives a survey of wireless localization algorithms that deal with NLOS 

propagation conditions. The solutions for both mobile and stationary objects are provided. 

Techniques of NLOS identification and mitigation are given, statistical approaches are 

explained and solutions where the cooperation of multiple wireless nodes is necessary are also 

shown. Separate sections are devoted to UWB systems and fingerprinting techniques. Finally, 

research works conducted in the frame of the COST Action IC1004 are also summarized. As 

a future work it is planned to apply some of the above-described NLOS mitigation and 

statistical techniques in order to increase the accuracy of the RSS localization system reported 

in TD IC1004 (11)02068.  



References 

 

[1] COST Action IC1004 website:  http://www.ic1004.org 

[2] D. Tse and P. Viswanath, Fundamentals of Wireless Communication. Cambridge 

University Press, New York, 2005. 

[3] Cheng-Tse Chiang, Po-Hsuan Tseng, and Kai-Ten Feng, “Hybrid Unified Kalman 

Tracking Algorithms for Heterogeneous Wireless Location Systems,” IEEE Trans. on 

Vehicular Technology, vol.61, issue 2, Feb. 2012 

[4] C.L. Chen and K.F. Feng, “Hybrid Location Estimation and Tracking System for Mobile 

Devices,” Proc. IEEE Vehicular Technology Conf., pp. 2648-2652, June 2005. 

[5] P. Chen, “A cellular based mobile location tracking system,” in Proc. of. Vehicular 

Technology Conference, vol. 3, pp. 1979–1983, Jul 1999. 

[6] M. Najar and J. Vidal, “Kalman Tracking for Mobile Location in NLOS Situations,” Proc. 

IEEE Personal, Indoor and Mobile Comm., pp. 2203-2207, 2003. 

[7] Kegen Yu, Eryk Dutkiewicz, "Geometry and Motion-Based Positioning Algorithms for 

Mobile Tracking in NLOS Environments," IEEE Transactions on Mobile Computing, pp. 

254-263, February, 2012 

[8] P. C. Chen, “A non-line-of-sight error mitigation algorithm in location estimation,” in 

Proc. IEEE Int. Conf. Wireless Commun. Networking (WCNC), vol. 1, New Orleans, LA, 

Sept. 1999, pp. 316–320. 

[9] J. Riba and A. Urruela, “A non-line-of-sight mitigation technique based on ML-

detection,” in Proc. IEEE Int. Conf. Acoustics, Speech, and Signal Processing (ICASSP), vol. 

2, Quebec, Canada, May 2004, pp. 153–156. 

[10] Zhonghai Wang, Seyed A. Zekavat, "Omni-Directional Mobile NLOS Identification and 

Localization via Multiple Cooperative Nodes," IEEE Transactions on Mobile Computing, 20 

Oct. 2011 

[11] Genming Ding; Zhenhui Tan; Lingwen Zhang; Ziqi Zhang; Jinbao Zhang; , "Hybrid 

TOA/AOA Cooperative Localization in Non-Line-of-Sight Environments," IEEE 75th 

Vehicular Technology Conference (VTC Spring), pp.1-5, 6-9 May 2012 

[12] Si Wen Chen; Soon Yim Tan; , "Cooperative non-line-of-sight localization technique for 

indoor wireless network," 8th International Conference on Information, Communications and 

Signal Processing (ICICS), pp.1-5, 13-16 Dec. 2011 

[13] Ismail Guvenc, Chia-Chin Chong, Fujio Watanabe, and Hiroshi Inamura. NLOS 

identification and weighted least-squares localization for UWB systems using multipath 

channel statistics. EURASIP J. Adv. Signal Process 2008 

[14] Chao-Lin Chen; Kai-Ten Feng; , "An efficient geometry-constrained location estimation 

algorithm for NLOS environments," International Conference on Wireless Networks, 

Communications and Mobile Computing, , vol.1, no., pp. 244- 249 13-16 June 2005 

[15] Wylie, M.P.; Holtzman, J.; , "The non-line of sight problem in mobile location 

estimation," 5th IEEE International Conference on Universal Personal Communications, 

vol.2, pp.827-831, 29 Sep-2 Oct 1996 

[16] R. Casas, A. Marco, J. J. Guerrero, and J. Falco, “Robust estimator for non-line-of-sight 

error mitigation in indoor localization,” Eurasip J. Applied Sig. Processing, vol. 2006, no. 1, 

pp. 1–8, Jan. 2006 

[17] Grosicki, E.; Abed-Meraim, K.; , "A new trilateration method to mitigate the impact of 

some non-line-of-sight errors in TOA measurements for mobile localization," IEEE 

International Conference on Acoustics, Speech, and Signal Processing (ICASSP '05), 18-23 

March 2005 



[18] Hammes, U.; Zoubir, A.M.; , "Robust Mobile Terminal Tracking in NLOS Environments 

Based on Data Association," IEEE Transactions on Signal Processing, , vol.58, no.11, 

pp.5872-5882, Nov. 2010 

[19] Maranò, S.; Gifford, W.M.; Wymeersch, H.; Win, M.Z.; , "NLOS identification and 

mitigation for localization based on UWB experimental data," IEEE Journal on Selected 

Areas in Communications, vol.28, no.7, pp.1026-1035, September 2010 

[20] S. Venkatesh and R. M. Buehrer, “A linear programming approach to NLOS error 

mitigation in sensor networks,” IEEE Int. Symp. Information Processing in Sensor Networks 

(IPSN), Nashville, Tennessee, Apr. 2006, pp. 301–308. 

[21] D.B. Jourdan, N. Roy, “Optimal sensor placement for agent localization,” IEEE Position, 

Location, and Navigation Symposium (PLANS), San Diego, Apr. 2006, pp. 128–139. 

[22] V. Dizdarevic and K. Witrisal, “On impact of topology and cost function 

on LSE position determination in wireless networks,” Workshop on Positioning, Navigation, 

and Commun. (WPNC), Hannover, Germany, Mar. 2006, pp. 129–138. 

[23] Patwari, N., Ash, J.N., Kyperountas, S., Hero, A.O., III, Moses, R.L., Correal, N.S., 

"Locating the nodes: cooperative localization in wireless sensor networks," Signal Processing 

Magazine, IEEE , vol.22, no.4, pp. 54- 69, July 2005 

[24] K. Langendoen and N. Reijers, Distributed localization in wireless sensor networks: a 

quantitative comparison, Computer Networks (Elsevier), special issue on Wireless Sensor 

Networks, November 2003. 

[25] Chris Savarese, Jan M. Rabaey, Koen Langendoen, Robust Positioning Algorithms for 

Distributed Ad-Hoc Wireless Sensor Networks, In ATEC '02: Proc. of the General Track of 

the annual conference on USENIX Annual Technical Conference (2002), pp. 317-327. 

[26] Samuel Van de Velde, Henk Wymeersch, Paul Meissner, Klaus Witrisal, Heidi 

Steendam: Cooperative multipath-aided indoor localization. WCNC 2012: 3107-3111 

[27] H. Wymeersch, J. Lien, and M. Z. Win, “Cooperative localization in wireless networks”, 

Proceedings of the IEEE, vol.97, no.2, Feb. 2009. 

[28] Ekambaram, V. N. and K. Ramchandran, "Distributed high accuracy peer-to-peer 

localization in mobile multipath environments," IEEE GlobeCom, Dec. 2010. 

[29] Buehrer, R.M.; Tao Jia; Thompson, B.; , "Cooperative indoor position location using the 

parallel projection method," International Conference on Indoor Positioning and Indoor 

Navigation (IPIN), 15-17 Sept. 2010 

[30] Gezici, S.; Zhi Tian; Giannakis, G.B.; Kobayashi, H.; Molisch, A.F.; Poor, H.V.; 

Sahinoglu, Z.; , "Localization via ultra-wideband radios: a look at positioning aspects for 

future sensor networks," IEEE Signal Processing Magazine, vol.22, no.4, pp. 70-84, July 2005 

[31] Yuan Shen, M.Z. Win, "On the Use of Multipath Geometry for Wideband Cooperative 

Localization," IEEE Global Telecommunications Conference, Nov. 30 2009-Dec. 4 2009 

[32] P. Meissner, T. Gigl, and K. Witrisal, “UWB Sequential Monte Carlo Positioning using 

Virtual Anchors,” International Conference on Indoor Positioning and Indoor Navigation, 

IPIN, Zurich, 2010. 

[33] P. Meissner, C. Steiner, and K. Witrisal, “UWB positioning with virtual anchors and 

floor plan information,” Workshop on Positioning, Navigation and Communication, WPNC, 

Dresden, Germany, March 2010. 

[34] Chiani, M.; Giorgetti, A.; Mazzotti, M.; Minutolo, R.; Paolini, E.; , "Target detection 

metrics and tracking for UWB radar sensor networks," IEEE International Conference on 

Ultra-Wideband, pp.469-474, 9-11 Sept. 2009 

[35] N. Patwari, J. Wilson, RF Sensor Networks for Device-Free Localization: Measurements, 

Models, and Algorithms, Proceedings of the IEEE (2010), vol. 98, no. 11, pp. 1961-1973. 

[36] P. Bahl and V. N. Padmanabhan, “Radar: An In-Building RF-Based User Location and 

Tracking System,” IEEE INFOCOM, Tel Aviv, Israel, Mar. 2000, pp. 775–84. 



[37] M. Brunato and K. Csaba, ”Transparent location fingerprinting for wireless services”, 

Med-Hoc-Net, 2002. 

[38] K. Kaemarungsi and P. Krishnamurthy, ”Properties of indoor received signal strength for 

WLAN location fingerprinting”, 1st Annual International Conference on Mobile and 

Ubiquitous Systems: Networking and Services (MobiQuitous ’04), Boston, Mass, USA, 

August 2004, pp. 14-23. 

[39] Nerguizian, C.; Despins, C.; Affes, S.; , "Geolocation in mines with an impulse response 

fingerprinting technique and neural networks," IEEE Transactions on Wireless 

Communications, , vol.5, no.3, pp. 603- 611, March 2006 

[40] Youssef, M.A.; Agrawala, A.; Udaya Shankar, A.; , "WLAN location determination via 

clustering and probability distributions," First IEEE International Conference on Pervasive 

Computing and Communications, pp. 143- 150, 23-26 March 2003 

[41] Al-Jazzar, S.; Ghogho, M.; McLernon, D.; , "A Joint TOA/AOA Constrained 

Minimization Method for Locating Wireless Devices in Non-Line-of-Sight Environment," 

IEEE Transactions on Vehicular Technology, vol.58, no.1, pp.468-472, Jan. 2009 

[42] Yaqin Xie; Yan Wang; Pengcheng Zhu; Xiaohu You; , "Grid-search-based hybrid 

TOA/AOA location techniques for NLOS environments," IEEE Communications Letters, 

vol.13, no.4, pp.254-256, April 2009 

[43] Chin-Der Wann; Yi-Jing Yeh; Chih-Sheng Hsueh; , "Hybrid TDOA/AOA Indoor 

Positioning and Tracking Using Extended Kalman Filters," IEEE 63rd Vehicular Technology 

Conference, vol.3, pp.1058-1062, 7-10 May 2006 

[44] M. Redzic, C. O’Conaire, C. Brennan, and N. O’Connor. A hybrid method for indoor 

user localisation. 4th European Conference on Smart Sensing and Context (EuroSSC), 2009. 

[45] Paul, A.S.; Wan, E.A.; , "RSSI-Based Indoor Localization and Tracking Using Sigma-

Point Kalman Smoothers," Selected Topics in Signal Processing, IEEE Journal of , vol.3, 

no.5, pp.860-873, Oct. 2009 

[46] Klaus Witrisal, Paul Meissner, Performance Bounds for Multipath-aided Indoor 

Navigation and Tracking (MINT), 2nd COST IC1004 Management Committee Meeting, 

Lisbon, Portugal, 19-21 October 2011. 

[47] Paul Meissner, Klaus Witrisal, Analysis of Position-Related Information in Measured 

UWB Indoor Channels, 3rd COST IC1004 Management Committee Meeting, Barcelona, 

Spain, 8-10 February 2012.. 

[48] Markus Froehle, Paul Meissner, Klaus Witrisal, Tracking of UWB Multipath 

Components Using Probability Hypothesis Density Filters, 4th COST IC1004 Management 

Committee Meeting, Lyon, France, 2-4 May 2012. 

[49] Nikola Gvozdenovic, Miljko Eric, Localization of users in multiuser MB OFDM UWB 

systems based on TDOA principle, 2nd COST IC1004 Management Committee Meeting, 

Lisbon, Portugal, 19-21 October 2011. 

[50] Jacek Kosciow, Pawel Kulakowski, Ray-Tracing Analysis of an Indoor Passive 

Localization System, 3rd COST IC1004 Management Committee Meeting, Barcelona, Spain, 

8-10 February 2012. 

[51] Pawel Kulakowski, Fernando Royo-Sanchez, Raul Galindo-Moreno, Luis Orozco-

Barbosa, Can indoor RSS localization with 802.15.4 sensors be viable?, 2nd COST IC1004 

Management Committee Meeting, Lisbon, Portugal, 19-21 October 2011. 

[52] Milan Redzic, Conor Brennan, Noel E O'Connor, Advances in indoor location based on 

signal strength and image data, 3rd COST IC1004 Management Committee Meeting, 

Barcelona, Spain, 8-10 February 2012. 

[53] Jan Järveläinen, Katsuyuki Haneda, Juho Poutanen, Veli-Matti Kolmonen, Aalto 

Pertti Vainikainen, Propagation Channel Models for Indoor Localization, 2nd COST IC1004 

Management Committee Meeting, Lisbon, Portugal, 19-21 October 2011. 


