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Exploiting the Graph Description of Indoor Layout for Ray Persistency Modeling in Moving Channel

This paper proposes a technique based on description of the layout using different graphs to obtain a ray signature which is associated with path persistency observed for small displacement of radio link termination of a mobile channel. The algorithm used to derive the signature from the layout graph description and the position of Tx and Rx is described. The mathematical relationship between signature and rays is also presented. A comparison of simulated and measured IR-UWB channel impulse response over a pedestrian trajectory is shown.

I. INTRODUCTION

There is today a significant research effort in localization and tracking community for measuring and modeling the features of the channel [START_REF] Chong | A novel wideband dynamic directional indoor channel model based on a markov process[END_REF] for indoor human mobility. In particular, there is a growing interest for introducing channel modeling tools which respect spatial coherence of the channel w.r.t human mobility. For example semi deterministic model derived from the statistical model IEEE 802.15.4a have been proposed as e.g in [START_REF] Youssef | Dynamic ir-uwb channel model preserving ieee 802.15.4a statistics over large-scale trajectories[END_REF].

The propagation channel parameters are time varying due to the motion of the extremities of the radio link or because of motion of human or objects in the propagation environment. The human motion introduces small scale and large scale variations. This paper focuses on large scale variations that remain coherent over significant distances.

Path persistency has been defined in [START_REF] Chong | A novel wideband dynamic directional indoor channel model based on a markov process[END_REF] as the evolution of a particular path of the channel impulse response which exhibits a differential change of a given feature in accordance with its differential motion. In [START_REF] Akgul | Path persistency for high precision ranging in different building architectures[END_REF] the path persistency has been exploited in the context of indoor positioning systems employing high bandwidth time-of-arrival methods.

Otherwise, the graph structure has proven its relevance in describing the inner nature of the propagation channel. Stochastic propagation graphs have been introduced and developed in [START_REF] Pedersen | Radio channel modelling using stochastic propagation graphs[END_REF] for describing the reverberant nature of the channel and for explaining the exponential decay of the Power Delay Profile (PDP) as a function of delay.

This contribution aims at exploiting graph structure in order to determine in the channel impulse response, the part which remains persistent when the terminal is moving and can thus be exploited as a valuable observable for positioning and tracking.

All site specific tools have their own approach to describe the layout. This paper presents an approach based on a graph description of the layout which allows to capture the path persistency under the form of what is here defined as ray signature. The ray signature can remain stationary over short distances and consequently its knowledge can be exploited for accelerating the determination of rays when modeling the channel impulse response over pedestrian trajectories.

The first section introduces the proposed graph description of the layout suitable for the determination of ray signatures. The second section introduces the concept of ray signatures and describes how to derive the signature from the layout graphs. The third section provides the mathematical relationship between a ray and its signature which is used in an incremental ray tracing tool. The last section presents a comparison between channel impulse responses measured and simulated along a synthetic pedestrian trajectory in an office environment.

II. MULTIGRAPH DESCRIPTION OF THE LAYOUT

The data structure of the indoor layout is described through the definition of the following graphs.

• The structure graph G s • The visibility graph G v • The topological graph G t • The graph of rooms G r The adopted multi graph description contains meta information from the layout which can be exploited for both incremental identification of rays and simulation of indoor pedestrian mobility.

A. The structure graph G s

The first graph describing the layout is G s (V s , E s ). V s is the set of nodes and E s is the set of edges. This is illustrated in figure 1 for 4 vertices and 4 walls room. In this example:

V s = {-1, -2, -3, -4, 1, 2, 3, 4} card(V s ) = 8
Vertices can be associated with a diffraction interaction whereas the edge (positive index) are associated either with transmission or diffraction.

• A positive node (wall) is necessarily connected to a negative node (vertex)

• For a vertex to be a potential diffracting node, its degree has to be lower or equal to 2 Each node index allows to retrieve the associated constitutive properties of the wall. 

B. The visibility graph G v

The second defined graph of the layout is the visibility graph G v . Nodes of this graph are the same as those of G s . Only edges are defined differently from G s . Two nodes are connected if they share an "optical" visibility relationship. A wall (id > 0) can be connected to a vertex (id < 0). Optical visibility means that the electromagnetic energy can flow from one node to another. The G v graph structure is sparse and well adapted to describe visibility relationships between layout and edges. 

C. The topological (cycles) graph G t

The third defined graph of the Layout is the topological graph G t . It results from the determination of all cycles of the graph G s . G t contains a valuable topological information. Each cycle contains various attributes as for example the set of nodes and edges of the cycle. This information is exploited once the position of T x or R x is known in order to connect directly leaves of G v which are associated with a given cycle. This data organization accelerates search of walls and vertices to connect with. Graph G t is shown in Figure 4. The fourth defined graph is the graph of rooms G r . It is the subgraph of G t retaining only cycles which possess at least one door. An example of a graph of rooms is shown in Figure 5. This graph is used for fast extraction of the list of edges which belongs to a given room. This graph can also been used to build a state machine for inter-room mobility of pedestrian agents. 

III. DEFINING A RAY SIGNATURE

A. Definition

Let first define a ray with N i interactions as an ordered list of N i + 2 points starting at t x and ending at r x .

R = {t x , p 0 , • • • , p Ni-1 , r x } = {t x , P, r x } (1) 
where t x and r x are points associated with transmitter and receiver and the ordered list of N i interaction points is

P = {p 0 , • • • , p Ni-1 }.
The signature of R is defined as the sequence of structure ids of P. The structure id of a point is simply the identification number either of the diffraction point (id < 0) ot the segment number (id > 0), this is directly a node number from graph G s or G v defined previously. Id(p) is a function which returns the layout index number of p.

S(R) = S(P) = {Id(p 0 ), • • • , Id(p Ni-1 )} (2)
Conventionally, the signature of the LOS path is the empty set, S({t x , r x }) = ∅. Notice that when at least one ending point of the radio link is moving, all the points of P are moving correspondingly. This is not the case of the signature S which can remain stationary in the vicinity region of the moving point.

B. Algorithm to Determine Signature from G v

In a first step the algorithm seeks for the nodes V tx of G s which are visible from T x , and the set of nodes V rx of G s which are visible both from R x . This is a fast operation if the information of the room numbers where are lying T x and R x are maintained available along the simulated trajectory. The second step consists in exploiting the 2 subsets V tx and V rx for determining N t × N r first order signatures where card(V tx ) = N t and card(V rx ) = N r . The algorithm exploits the Dijkstra algorithm to determine the shortest path between 2 nodes in the graph G v . If a keyhole is detected, i.e a central node which is present in many discovered signatures, it is possible to remove this node and to iterate the algorithm in order to get new signatures which explore less direct paths. In scenarios where one extremity is moving continuously along a trajectory the set of signature L calculated at one point can be exploited for determining rays in its vicinity. L can be incrementally updated. Figure 6 and Algorithm 1 describe the principle of rays signatures determination.

Algorithm 1 Determination of signatures list Require:

t x ,r x Require: G s ,G v ,G r L = ∅ Initialize a list of signatures V t ← get visible nodes(G r , t x ) V r ← get visible nodes(G r , r x )
for nt ∈ V t do for nr ∈ V t do S it,ir = Dijkstra(G v , n t , n r ) L ← L.append(S it,ir ) end for end for

IV. RAY DETERMINATION FROM RAY SIGNATURE

The determination of a ray from its signature is a two steps process. The fist step consists in calculating a set of intermediate points starting from the transmitter. Once calculated those intermediate points can be used for any receiver position with the same signature. The signature can be either valid or not valid for a given receiver depending on its coordinates.

A. Determination of Image points

The transmitter is defined as

t x = [x t , y t ] T (3) 
We consider a signature of length N which can contain three types of interaction: diffraction (D), reflection (R), transmission (T). From this signature, 2 ordered lists of points are retrieved.

p a = [a 0 , ..., a N -1 ] (4) 
p b = [b 0 , ..., b N -1 ] (5) 
a k = [x Ak , y Ak ] T , b k = [x Bk , y Bk ] T (6) 
In the case of a diffraction the point appears identical in each list otherwise p a and p b contains respectively tail points and head points of the signature segments.

The sequence of intermediate points can be determined from the knowledge of the transmitter point, the sequence of segments and also importantly the type of interaction (R|T |D). This sequence of intermediate points is:

m = [m 0 , ..., m N -1 ] (7) 
with:

m k = [x k , y k ] T (8)
Depending on the nature of the interaction the intermediate point is either the image of the current point w.r.t the segment (Reflection), the current point itself (Transmission), the diffraction (interaction) point itself (Diffraction).

m 0 depends on the type of the first interaction as:

• (R): m 0 = S 0 t x + v 0 • (T): m 0 = t x • ( 
D): m 0 = a 0 and similarly, m k depends on the type of the k th interaction:

• (R): m k = S k m k-1 + v k • (T): m k = m k-1 • (D): m k = a k
where S k (reflection matrix) and v k are defined as:

S k = a k -b k -b k -a k (9)
the translation vector is defined as

v k = c k b k (10) 
with

a k = (x Ak -x Bk ) 2 -(y Ak -y Bk ) 2 (x Ak -x Bk ) 2 +(y Ak -y Bk ) 2 (11) b k = 2(x Bk -x Ak )(y Ak -y Bk ) (x Ak -x Bk ) 2 +(y Ak -y Bk ) 2 (12) c k = 2 x Ak (y Ak -y Bk ) 2 +y Ak (x Bk -x Ak )(y Ak -y Bk ) (x Ak -x Bk ) 2 +(y Ak -y Bk ) 2 (13) d k = 2 x Ak (y Ak -y Bk )(x Bk -x Ak )+y Ak (x Bk -x Ak ) 2 (x Ak -x Bk ) 2 +(y Ak -y Bk ) 2 (14)
The coordinates of intermediates points are obtained by solving Am = y (15)

A =       I 2 {-S 1 |O 2 |O 2 } I 2 . . . . . . {-S N -1 |O 2 |O 2 } I 2       (16) y =        {S 0 t x + v 0 |t x }|a 0 } {v 1 |z 2 |d 1 } . . . {v N-1 |z 2 |d N -1 }        (17) 
where I 2 and O 2 are respectively identity matrix and zero matrix of dimension 2, z 2 is 2 × 1 zero column vector. The notation {R|T |D} stands for the possible matrix entries depending on the interaction type.

B. Determination of interaction points

The receiver is given by:

r x = [x r , y r ] T (18) 
Interaction points are points which belong to the layout segments. They are obtained from the intersection between the segments indicated by the signature and the segments joining successively the previously obtained intermediate points m. The unknown interaction points are

p k = [x ′ k , y ′ k ] T (19) 
By introducing a parameterisation on both the unknown 4× 1 column vector is:

x ′ k = p T k , Γ T k T (20) 
with

Γ k = [α k , β k ] T (21) 
Starting from the receiver and joining the last intermediate point m N -1

p 0 + α 0 (r x -m N -1 ) = r x (22) p 0 + β 0 (a N -1 -b N -1 ) = a N -1 (23) 
We solve successively the following linear systems

T 0 x ′ 0 = y ′ 0 (24) 
with:

T 0 = I 2 r x -m N -1 0 2×1 I 2 0 2×1 a N -1 -b N -1 (25) 
and

y ′ 0 = r x T , a T N -1 T ( 26 
)
For determination of interaction point p k it proceeds identically taking advantage of the knowledge of point p k-1 : This takes the forme of the linear equation:

p k + α k (p k-1 -m N -(k+1) ) = p k-1 (27) p k + β k (a N -(k+1) -b N -(k+1) ) = a N -(k+1) (28) 
T k x ′ k = y ′ k (29) 
with

T k = I 2 p k-1 -m N -(k+1) 0 2×1 I 2 0 2×1 a N -(k+1) -b N -(k+1) (30) and y 
′ k = p T k-1 , a T N -(k+1) T (31) 
The parameterization of the signature segment β k plays a very important role, if 0 < β k < 1 the interaction point p k is valid and the calculation can proceed otherwise the interaction point is out of the segment and the signature is rejected for the current receiver coordinates.

As an example Figure 7 shows a set of rays (in blue) which are all sharing the same signature, which contains 4 reflections. T x is static and is placed above-left the first segment.

The signature for all blue rays is S = {1, 2, 3, 4}. The figure has been produced by drawing randomly R x in the plane. There exists a validity region for R x for a ray being associated with the signature. It means that if one termination of the signature is static (e.g. an access point), either T x or R x , one can associate the couple (access point, signature) to a validity region where the signature is associated to valid rays. One other interesting features of ray signature which is illustrated in Figure 8, is that it is possible to derive higher order signatures from a lower order signature. The order of a signature being defined as the number of interactions N i involved in the signature. For example if we have a signature of order 4: S 0 = {1, 2, 3, 4} corresponding for example to the transmission through of 4 successive walls placed between T x and R x , one can derive those 3 new signatures of order 6, S 1 = {1, 2, 1, 2, 3, 4}, S 2 = {1, 2, 3, 2, 3, 4}, S 3 = {1, 2, 3, 4, 3, 4}

V. RELATING RAY PERSISTENCY TO RAY SIGNATURE Figure 9 presents the synthetic trajectory selected on the available measured link of an IR-UWB measurement campaign realized in the FP7-WHERE project [START_REF]Deliverable 4.1: Measurements of location-dependent channel features[END_REF]. Each trans- 

VI. CONCLUSION

This paper has presented a technique for fast retrieving the ray signature from a graph description of the indoor layout. This signature is a precursor of rays and can be exploited to save computational time when evaluating the channel impulse response for example when studying indoor pedestrian localization or tracking scenario. In the last section ray persistency has been well observed in measurements data and well retrieved using an incremental ray tracing tool. A current line of investigation in tracking applications is to consider how to identify a ray signature from a sequential accumulation of channel impulse responses. This should be helpful in the context of map aided positioning and tracking scenarios. 
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 9 Fig. 9. Measured CIR along indoor selected trajectory, (red points) 4 Tx (1 is bottom right), (blue points) 81 Rx (0 right -81 right)
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