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INTRODUCTION

Since many years, a large number of research works based on RSS (Received Signal Strength) were realized for indoor localization [1, 2 and 3]. In order to locate objects accurately in the complicated indoor environments, researchers developed several indoor location sensing systems, such as: active tag [START_REF] Colin | Improving indoor localization within corridors by UHF active tags placement analysis[END_REF] or RADAR [START_REF] Bahl | Enhancements to the RADAR User Location and Tracking System[END_REF]. Some other technologies, such as sensors network [START_REF] Pirzada | A testbed for device free indoor localization system[END_REF] or RFID systems [START_REF] Ko | Supporting Intelligent Context-Awareness in Ubiquitous Sensor Network with RFID[END_REF], were also been investigated. Each of these indoor localization systems has its own advantages and limitation [START_REF] Mainetti | A survey on indoor positioning systems[END_REF].

In recent years, RFID becomes rapidly a developing technology that uses wireless communication for automatic identification of objects. A standard RFID system consists of three major components: tags, readers and middleware software for communication. RFID readers read data emitted from tags through a defined radio frequency and protocol. In addition, due to its lower cost and its technical capabilities, RFID system has been widely adopted as an attractive technology for many significant applications such as assets tracking, industrial automation, and homecare systems [START_REF]RFID: Opportunities and Challenges in Implementation[END_REF].

Moreover, RFID can be found nowadays in various scenarios in the logistic branch [START_REF][END_REF] because it has the double advantages of identifying and localizing objects. An overview of different approaches for RFID localization employed in many different use cases can be found in [START_REF] Bouet | RFID tags: Positioning Principles and Localization Techniques[END_REF], [START_REF] Chawla | An RFID-based object localisation framework[END_REF].

One of the most popular positioning methods is the trilateration. The problem of trilateration is solved mathematically by determining the intersection of the circles. The signal strengths of this point depends on the distance between transmitter and reader. Thus, this dependency can be considered as function of distance. The distance estimated by signal strength is presented as a circle with a radius around the tag. The intersection of the three different circles provides a point or an area of receiver. In an ideal outdoor environment, the received signal power or Received Signal Strength (RSS), at a certain distance from the signal source (the RFID reader antenna) can be calculated using the Friis Transmission Equation [START_REF] Friis | A Note on a Simple Transmission Formula[END_REF]. However, this concept cannot be directly applied in indoor environments due to multipath effects.

The rest of the poster is organized as follows: Section II focuses on the constellation. In section III will describe the experimental setup. Then, Section IV illustrates the results and analysis of the distance estimation. Finally, Section V presents the conclusion and future work.

II. LOCALIZATION AND DISTANCE ESTIMATION WITH A CONSTELLATION OF ACTIVE TAGS

A. Constellation Approach

In order to increase the localization accuracy, the use of a single tag was replaced by a constellation of tags. This group of tags has nearly the same propagation channels for all of them.

Obviously, the tri/multilateration technics is used for calculating the distance estimated error. Fig. 2. Constellation approach for localization using multilateration.

B. Distance Estimation and Localization with Constellations

The received signal power for the constellation of tags is given by:

𝑃 𝑟𝑖 (𝑑) = 𝑓 𝑖 (𝑑) + 𝑛 𝑖 ( 4 
)
With i is the number of the tags. 𝑃 𝑟𝑖 the received signal, 𝑓 𝑖 (𝑑) is the function of the propagation model, 𝑛 𝑖 is the interference relative to each tag and d the distance.

As previously mentioned and since the four tags are close to each, the functions representing the four propagation channels are identical, which means:

𝑓 1 (𝑑) = 𝑓 2 (𝑑) = 𝑓 3 (𝑑) = 𝑓 (𝑑) = 𝑓(𝑑) (5) 
However, interference differs from one tag to another:

𝑛 1 ≠ 𝑛 2 ≠ 𝑛 3 ≠ 𝑛 4 (6) 
Therefore, the path loss of the constellation of tags can be summarized as follows:

𝑃 𝑟𝐶𝑜𝑛𝑠𝑡 (𝑑) = 𝑓(𝑑) + 1 𝑛 ∑ 𝑛 𝑖 4 𝑛=1 (7) 
With 𝑃 𝑟𝐶𝑜𝑛𝑠𝑡 is the power of the signal received by the reader and emitted by the constellation of tags. In order to improve the distance estimation accuracy, the mean of the four tags noise is used.

III. EXPERIMENTAL SETUP

A. Environment

The experiment is performed in a classroom at EFREI Paris. Indoor dimensions were 8.27 m x 5.44 m x 3.36 m. In order to reduce interference and reflections caused by objects in the classroom, all chairs, tables and other objects were removed. There were still some metallic objects such as a big heater and a writing board. In addition, the RFID reader is aligned in front of the wooden board such that the center of the tag is at the same height as the half length of the reader antennas (Fig. 4).

B. RFID equipment

For this work, an active UHF-RFID tag at 433 MHz from Ela-Innovation [START_REF]Ela Innovation active RFID tag and reader manufacturer[END_REF] is used. The wavelength is 69 cm. A bidirectional traffic detection RFID is considered for the experiment. The reader is an "UTP Diff 2" from Ela Innovation that is powered by a 3 V battery.

C. Measurements

Two scenarios will be presented. The first one uses a single tag placed in the center of the wooden board to determine distance error; in the second one, the single tag is replaced by the constellation of tags. The measurements were realized following three directions line (A60, A90 and A120) in front of the center of wooden board (Fig. 3).

In both scenarios described previouly, the RFID reader was moved from the first position 0.7 m (0.7 m = 𝜆) with a step equal to 0.7 m up to 7 m on the center line and up to 4.2 m on both tracks A60 and A120 (Fig. 3). Furthermore, the received power at each position is related to distance. After obtaining the path loss for each track, the (tag-reader) distance was estimated. The distance error is the difference between the true distance and the estimated distance. First, in order to study the error in distance estimation, we used a single tag placed on a wooden board hanging vertically on the wall and a reader placed at different positions which allow modeling propagation in an indoor environment (Fig. 4). 

2) Constellation of tags

In order to study the improvement of the error in distance estimation, we replaced the single tag by a constellation of tags placed on the wooden board (Fig. 5). Further, the RFID reader is set as the same positions defined previously (Fig. 3).

In order to increase the accuracy, seven different radii for the constalltion of tags scaled on the range of the wavelength 𝜆 were examined. We started by a radius equal to 𝜆/8 = 8.75 cm, then we increased the radius by a step of 𝜆/8 until the radius of the consellation becomes egual to 𝜆 = 70 cm. Then, we changed the step to 𝜆/2 = 35 cm untill the radius 2𝜆 = 140 cm. 

IV. RESULTS AND ANALYSIS

The path loss in the classroom environment was found by placing the reader at different positions. For the single tag, we have one path loss for each track. But for the constellation of tags, we have seven path loss for each track because seven radii were tested.

A. Optimal radius of Constellation

In order to get the best radius of the constellations, we compared the average distance estimation errors of the constellations with different radii. After analyzing received power inside the classroom, tables I, II and III show the variation of the mean distance error along different constellations for the three tracks. These variations depend on the signal attenuation and the multi-paths effect. First, we studied the mean distance error along different constellations for the track A60. Then, we studied the mean distance estimated error along different constellations for the center line (track A90). Finally, the mean distance errors along different constellations for the track A120 are presented in table III. The mean distance errors for track A120 have optimal values with the majority of constellation radii, and are lower than 50 cm. This result on the track A120 can be interpreted by the signal reflection on the heater near the reader on the track A120. To sum-up, we can conclude that with the two constellations where the radius is equal to 𝜆 = 70 cm and 2𝜆 = 140 cm, the mean distance errors are minimal.

B. Best Constellation vs. single tag

We compared the performance of constellations against a single tag placed on the center of a wooden board. The distance estimation errors for the two best constellations (radius equal to 𝜆 = 70 cm and 2𝜆 = 140 cm) and that for a single tag were studied. Comparison against obtained CDF is represented as follows. Figures 6, 7 and 8 present the CDF for the track A60, A90 and A120 respectively. It can be noticed that the error performance for the best constellation of tags (90 % CDF) remains around 0.8 m over all the classroom (three tracks) while it increases to around 1 m on the track A120 for the single tag.

V. CONCLUSION AND FUTURE WORK

In this paper, the concept of constellation of active UHF-RFID tags, with different radii scaled on the range of the wavelength 𝜆 was presented. This approach is a resumption of the replacement of a single tag with a group of tags in order to improve localization accuracy in indoor environments. Mean distance errors using a constellation of four tags have been studied. Distance errors were estimated with CDF around 0.8 m at 90% in an 8.5 x 7.5 square meters' empty classroom using a constellation with radius equal 𝜆 = 70 cm.

Concerning our future work, we are focused on the asses of the localization technique using constellations of tags. We will validate our constellation approach by localizing in the same classroom environment.
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TABLE I .

 I The Mean Distance Error and the standard deviation for the different constellations over track A60

	Radius of	𝜆/8	𝜆/4	𝜆/2	3𝜆/4	𝜆	3𝜆/2	2𝜆
	Constellations	8.75	17.5	35	52.5	70	105	140
	[cm]							
	Mean Error	0.65	0.45	0.51	0.54	0.41	0.52	0.29
	[m]							
	Standard	0.78	0.47	0.55	0.67	0.51	0.52	0.32
	deviation							

TABLE II .

 II The Mean Distance Error and the standard deviation for the different constellations over the center line (track A90)

	Radius of	𝜆/8	𝜆/4	𝜆/2	3𝜆/4	𝜆	3𝜆/2	2𝜆
	Constellations	8.75	17.5	35	52.5	70	105	140
	[cm]							
	Mean Error	0.75	0.69	0.64	0.59	0.36	1.95	0.41
	[m]							
	Standard	1.03	0.96	0.75	0.5	0.42	2.18	0.31
	deviation							

TABLE III .

 III The Mean Distance Error and the standard deviation for the different constellations over track A120

	Radius of	𝜆/8	𝜆/4	𝜆/2	3𝜆/4	𝜆	3𝜆/2	2𝜆
	Constellations	8.75	17.5	35	52.5	70	105	140
	[cm]							
	Mean Errors	0.2	0.19	0.25	0.21	0.52	0.41	0.33
	[m]							
	Standard	0.23	0.24	0.23	0.21	0.67	0.47	0.29
	deviation