
 

 

CHAPTER 2 

Related Work 

To date, a lot of researches have made effort in determining and tracking user location. 

Location and tracking methodologies in wireless communication area can roughly fall into 

the following broad categories: in-building IR networks, wide area cellular networks[7], 

global positioning system, RF-based indoor locating system[2-5,8,12-17,21-22,24-27,29] 

and ultrasonic-based system[19,20]. 

In general, location estimation can be classified into two categories: deterministic model 

and probabilistic model. Deterministic models [2-5,7-8,12-13,19-23,25-26] use deterministic 

inference methods to estimate a user’s location, such as K-nearest neighbor averaging (KNN) 

and Triangulation. The RADAR system [21,22] is based on KNN to infer a user’s location. It 

uses the RF signal strength as an indication of the distance between the transmitter and 

receiver. During an offline phase, the system constructs a radio map for the RF signal 

strength from a fixed number of APs. When estimating a user’s location, the system operates 

KNN or Triangulation with radio map to figure out the best fits of the collected signal 

strength information. [12] and [13] propose their own deterministic modes which differ from 

KNN and Triangulation. Cricket[19,20] is another well-known in-door location system, but 

it is ultrasonic-based system. Cricket uses ultrasonic signal to infer distance and concept of 

AOA (Angle of Arrival) to judge a user’s position. 

Probabilistic models [14-17,24-28] form the second category. They are also called 

distribution-based techniques since they store the signal strength distributions from the APs 



as the information for the radio map. The Horus system[14-17] defines the possible causes of 

variations in the received signal strength vector and devising techniques to overcome them. 

Horus achieves a significant performance gain, both in terms of accuracy as well as 

computation cost. In [4], locations in the area are pre-clustered into groups so as to reduce 

the computational cost of searching the radio map. In [17], correlation among consecutive 

samples from the APs is introduced to enhance the system performance. The essence to all 

these techniques is the use of Bayesian inversion to return the location that maximizes the 

probability of the received signal strength vector. 

Other systems, [8,25-26,29], intend to reduce the calibration effort for economizing 

manpower. Our main notion is in the same way, and we purpose to achieve high level of 

accuracy with great deal of reducing manual effort. There are also a few proposed papers [29] 

which present learning models to adjust radio map for improving the accuracy down caused 

by calibrated data reduction. Well-known Hidden Markov Model (HMM)[10-11,18,28,29] is 

been used to form learning model. HMM is famous in pattern recognition and learning 

algorithm. 

 

2.1 RADAR[21,22] 

 

RADAR is a representative WLAN location system proposed by Microsoft in recent years. It 

offers original idea for RF-based location technology. Not only data collection, but location 

methods are presented in RADAR. Although results in RADAR are not comparable with 

newest works, but it inspires me to investigate this subject. Two location methods, Empirical 

Method and Radio Propagation Method, have been presented in this paper, and we will 

describe them below. 

 



2.1.1 Empirical Method 

 

 

Figure 2-1: Empirical Method 

 

Figure 2-1 shows Empirical Method in RADAR, it’s the simplest method in deterministic 

model. Assume we collect signal strengths for each AP on every location (such as A and B) 

first. Once location estimation is operated, we collect SS in real time on un-known location X, 

and adopt Euclidean distance measure shown below to calculate distances between locations 

in database and location X. Finally, choose the location which acquires minimum distance as 

result. 
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2.1.2 Radio Propagation Method 

 

Radio Propagation Method considers about characteristic of large-scale fading. By using the 

equation they proposed, relation between signal strength and path loss could be inferred. This 

method also takes account of signal attenuation caused by wall. Small-scale fading has been 

mentioned in this paper, but it isn’t implemented. The equation they presented is shown as 

follows. 
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Since RADAR has been proposed a few years, it is still referred by a lot of works. It 

gives inspirations to investigators in such subject, but it still has some drawbacks. First, 

accuracy in this paper is not good enough, it’s because their inference method is too simple. 

Second, lack of considering small-scale fading makes radio propagation model incomplete. 

Third, maybe combination with probability model could enhance the accuracy. 

 

2.2 Horus[14-17] 

 

Horus is one of the best location systems in last three years, which is proposed by Maryland 

University. It has achieved high accuracy within 1 meter. The backbone in Horus is 

probability model. The same with other systems, Horus operates in two phases, offline 

training phase and online location determination phase. First probability model Horus 

proposed is Joint Clustering. Joint Clustering defines a cluster as a set of locations sharing a 

common set of access points. We call this common set of access points the cluster key. The 

Joint Clustering technique uses the joint probability distributions of the signal strength of 



different access points to find the most probable user location given the observed signal 

strength values. Moreover, it uses clustering to reduce the computational overhead. Equations 

are displayed below. 
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Large-scale fading and small-scale fading are concerned in Horus, too. They set up some 

variables to compensate influences of fading. They also consider about samples correlation 

of consecutive signals, and the equation is shown below.  
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And then they adopt one dimension Gaussian as probability model. In one dimension 

Gaussian, mean value of consecutive signal samples is taken into the equation. Afterward, 

multivariate Gaussian is applied because they think using mean value to represent a sequence 

of samples is incorrect.  
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Location estimation results in Horus are pretty great. Very few location systems can be 

better than Horus when accuracy is mentioned. But there is still one shortcoming in Horus. 



Horus is impractical in real world since it calibrates large amount of data in offline training 

phase and it’s impossible for us to train so many data in every building. Therefore, we aim to 

largely reduce training data and make the system more practical.  

 

 2.3 Reducing the Calibration Effort for Location Estimation Using 

unlabeled Samples[29] 

 

This paper proposes models for calibration effort reduction, samples interpolation, and 

learning technique. In calibration effort reduction, they try to decrease both the sampling time 

and the number of locations sampled in constructing the radio map. An interpolation model is 

presented to compensate the data inadequacy. The interpolation model is displayed below. 

This model supposes that relation between signal strength and distance is linear.  
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And they also propose their probability distribution model using Bayes rule. 
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Finally, this paper presents a learning algorithm to adjust radio map which is formed by 

interpolated data mostly. And they adopt Hidden Markov Model (HMM) as their learning 

model and use EM algorithm to adjust radio map. This paper offers different view in our 

subject. But their interpolation model isn’t good enough because the relation between signal 

strength and distance could not be linear. And using Bayes rule to form their probability 

model is insufficient because wireless channel propagation characteristics are not considered.  

 


