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Abstract 

 In this paper, we consider an indoor passive localization system where an object or a 

person to be localized does not need any radio transceiver. Instead, the sought position is 

outguessed on the basis of the changes in the radio propagation characteristics being the result 

of the object/person appearance. The system registers the radio channel impulse responses 

between a transmitter and a group of receivers located in a monitored indoor area. When an 

object or a person appears, some of the propagation paths are blocked and the modified set 

impulse responses is again registered in the system. Comparing both sets of impulse responses 

and analysing the changes, the sought position or a few possible ones can be calculated. 

 We present and discuss two possible algorithms of passive localization and evaluate 

their performance with the aid of 2D ray-tracing. We calculate and compare the accuracy of 

both algorithms considering different size of the system infrastructure and different numbers 

of propagation paths that can be resolved. 

 

 

Introduction 

While wireless localization services are becoming ubiquitous, one can observe the 

increasing interest in local ground-based localization systems, i.e. the systems working 

without the aid of the GPS Navstar satellite network. Because of the walls attenuation, the 

GPS navigation signals cannot be correctly received in indoor environments. On the other 

hand, the most of current localization applications like industrial control, indoor security and 

surveillance or patient monitoring require the positioning signal to be received and decoded 

inside buildings. Thus, the system infrastructure, i.e. anchor/reference points must be also 

located indoor.  

At the same time, the main obstacle to accurate indoor localization is the phenomena 

of multipath propagation and the lack of direct line-of-sight (LoS) radio visibility between 

reference nodes and a localized object, which is frequently observed in indoor wireless 

communication. The most of commonly-used localization techniques, like time- or angle-of-

arrival and receive-signal-strength estimate the distances on the basis of the strongest or 

earliest radio multipath component arriving from a reference node to a localized object (or 

vice versa, as localization process is fully reciprocal) [1]. These techniques applied in 

multipath and NLoS indoor conditions result in large positioning errors, unacceptable in the 

aforementioned applications.  

Finally, the application spectrum of the common localization techniques is somehow 

limited, because each object that is going to be localized must be equipped with a radio device 

that transmits or receives positioning signals. It is troublesome to attach a radio device to each 

object in the whole controlled industrial area or force people (hospital patients, industry 

workers) to wear the devices all the time. Moreover, such a system cannot be used to localize 

intruders and other unwanted people in a monitored area, unless the system has also cameras 

or motion detectors [2].  

In this paper, we discuss a passive (sometimes called also device-free [3]) indoor 

localization system that enables to overcome the above limitations. A localized object does 

not need to have any radio transceiver attached. The system registers and analyses the impulse 

responses of the radio channels between a fixed transmitter and ultra wideband receivers 



installed in an indoor area (in our experiments, the area is limited to a single room). When a 

new object or a person appears, some of the propagation paths are blocked and the modified 

set impulse responses is again registered in the system. Evaluating the changes in the radio 

propagation, the system can outguess the object position with a certain accuracy.  

We present a 2D ray-tracing performance analysis of the passive localization system 

using two algorithms for calculating the object position. In the first one, we look for an area 

where all the blocked propagation paths are crossing each other considering it as a possible 

location of the object. In the second approach, we analyse the sets of impulse responses 

resulting from all possible object positions (with a certain resolution) in the room and 

compare them with the set for the real object position. We calculate and compare the accuracy 

of both algorithms considering different size of the system infrastructure and different number 

of propagation paths that can be resolved.  

 

Localization algorithms 

The phenomena of multipath propagation is a serious handicap for localization 

techniques like time-of-arrival, angle-of-arrival or receive-signal-strength, as the multipath 

components of a transmitted signal arriving to a receiver interfere with each other resulting in 

wireless fadings and signal dispersion. However, if the localization system is an ultra 

wideband (UWB) one, the multipath components can be distinguished from each other and 

then, each of them provides a portion of important information about the propagation 

environment.  

In the performed 2D ray-tracing calculations, we compare two passive localization 

techniques that essentially based on the same fingerprint-based UWB tracking algorithm [4]. 

We consider a scenario of a single rectangular room with few obstacles. There is one 

transmitter and a certain number of receivers located in the room. Each receiver is able to 

measure the channel impulse response (CIR) of the transmitted signal consisting of the LoS 

and few other multipath components resulting from wall reflections. Obviously, the obstacles 

located inside the room block some components and create new others. Assuming that the 

room topology is known and the receivers have sensitivity and temporal resolution good 

enough to distinguish the multipath components from each other, each component can be 

associated with its respective path through the room. A multipath propagation example in the 

room is depicted in Fig. 1. For the system with a single Tx, 15 Rxs and propagation paths 

with up to 3 wall reflections, the whole room is covered by radio rays.  

 

 
Fig. 1. An example of multiple propagation in a single 10×16 m

2
 room  

with a single transmitter and 15 receivers. 



When an object to be localized appears in the room, the CIRs measured by the 

receivers will change. The object will block (shadow) some propagation paths and their 

respective multipath CIR components. Also, some new components can be created resulting 

from reflections from the object (if its surface is smooth enough) or scattering [5,6]. Here, we 

assume that the scattered components are below the receivers sensitivity threshold and the 

object surface is irregular, thus there is no new multipath CIR components.  

Analysing the CIR changes at all the receivers, we make a list of all the multipath 

components that are blocked by the object appearance and their respective propagation paths. 

We divide the whole room into a grid with square cells equal to the size of the localized 

object. Then, we try to deduce in which cell the object is located.  

We follow two approaches. In the first one that we call a crossing square approach, 

we look for a cell where all the blocked propagation paths are crossing. As the object may be 

located on a border covering up to 4 neighbour squares, for each cell (i,j) we look for the 

blocked propagation paths passing through the cells (i,j), (i+1, j), (i, j+1) and (i+1, j+1), where 

i and j are the respective cell indices along the x and y axes. If all the blocked propagation 

paths are passing through such a square, the x and y coordinates of the upper right corner of 

the cell (i,j) are chosen as an estimated position of the object. It can happen that there is more 

than one such a square, then we are obliged to take the average of the respective coordinates 

(Fig. 2). Obviously, we must exclude the cells close to the transmitter, where all the blocked 

propagation paths are passing.  

 

 
Fig. 2. An example of the crossing square approach for the system with 1 Tx and 15 Rxs in a 10×16 m

2
 room. 

The colour of each cell corresponds with the number of Rxs receiving the multipath components blocked in the 

cell. 

 

In the second approach, we calculate the maximum likelihood estimate of the object 

position. Again, we consider a square grid (with a given spatial resolution) of possible object 

positions (Fig. 3). For each possible cell in the grid, we compare the CIRs that would have 

been measured by the radio receivers in that case with the CIRs obtained for the real object 

position. We choose as an estimated object position the one where the number of matched 

CIRs is the largest.  

 



 
Fig. 3. An example of the maximum likelihood approach. The colour of each cell corresponds with the number 

of Rxs which CIR would match if the object was located in the cell. 

 

In both approaches, it is possible that the localization algorithm is not effective. The 

crossing square cannot be calculated if there is no squares where all the blocked propagation 

paths are passing through. Also, both methods will fail if the localized object do not block any 

propagation path. Thus, for both approaches we present two types of the results. The first one 

is the probability of the effective localization, i.e. the probability that the algorithm is able to 

calculate the object position. The second one is the average positioning error for the 

effectively localized object positions.  

 

Analysed scenario and calculation results 

The localization system under study consisted of a UWB transmitter and up to 15 

UWB receivers located in a single 10×16 m
2
 room and arranged in an irregular oval (an 

example of the room topology is shown in Fig. 1). There were 10 room topologies created, in 

each of them 2 additional rectangular obstacles were located in random positions resulting in 

blocking some of the propagation paths. For each considered scenario, the Matlab calculations 

were run 500 times for each room topology, i.e. 5000 times in total. In each run, the object to 

be localized was located randomly in the room, obviously excluding the areas of the 

obstacles.  

In Figs. 4 and 5, the localization probability and the average positioning error for the 

crossing square algorithm are shown. Then, in Figs. 6 and 7 respectively, the same results are 

depicted for the maximum likelihood approach. The localized object is assumed to be a 

square-shaped box with the dimensions 40×40 cm
2
. All the results are presented as functions 

of the number of UWB receivers working in the system and the number of wall reflections 

that can be encountered by a radio wave and still be detected at a receiver.  

 As both methods can achieve a very good localization probability and a positioning 

error lower than 1 m, the maximum likelihood approach has a slightly better accuracy: even 

below 50 cm. For this approach, we also present a map of the accuracy for a chosen room 

topology (Fig. 8). The localization accuracy is rather constant in the whole room (also in the 

area close to the transmitter) except of some areas close to the walls and regions hidden 

behind the obstacles.  

 Finally, it is worth to note the effect of the localized object size comparing to the size 

of the grid cells. Using a smaller grid, we can achieve even better accuracy (Fig. 9). On the 

other hand, the smaller is the object, the larger is the positioning error (Fig. 10).  



 
Fig. 4. The localization probability for the crossing square approach. 

 

 
Fig. 5. The positioning error for the crossing square approach. 

 

 
Fig. 6. The localization probability for the maximum likelihood approach. 

 



 
Fig. 7. The positioning error for the maximum likelihood approach. 

 

 
Fig. 8. The map of the accuracy (in meters) of the maximum likelihood approach for a chosen room topology. 

The network has 15 UWB receivers detecting multipath components with up to 3 wall reflections.  

 

 
Fig. 9. The maximum likelihood positioning error (up to 3 wall reflections ) for the 20×20 cm

2
 cell grid. 



 
Fig. 10. The maximum likelihood positioning error (up to 3 wall reflections ) for a different size of the localized 

object: 30×30, 40×40 and 50×50 cm
2
. 

 

 

Conclusions 

In this paper, we discuss a passive indoor localization system that enables to localize 

an object without any radio device attached to it. Using ultra wideband receivers able to 

distinguish different multipath components from each other, the system takes advantage of the 

multipath propagation conditions. The position of a localized object is estimated following the 

changes in the propagation conditions being the result of the object appearance.  

 We presented a 2D ray-tracing analysis showing the performance of two different 

algorithms of passive localization: the crossing square and the maximum likelihood. The 

accuracy below 1 m was easily achieved, in some scenarios it was even below 50 cm.  

This work is still the preliminary one. Further, more realistic investigations should 

take into account the limited sensitivity and temporal resolution of the UWB receivers.  
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