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ABSTRACT  
 
     This paper proposes a novel localization system for urban canyon environments through the marriage of Wireless Local 
Area Networks (WLAN) and the Global Positioning System (GPS). In the proposed technique, the wireless device receives 
GPS and WLAN signals simultaneously. If the GPS signals are sufficient for positioning, an Extended Kalman Filter (EKF) is 
used to provide a coarse location of the user. Otherwise, WLAN signals are used for coarse localization. Then, Access Points 
(APs) are selected for fine localization based on Fisher criterion. To obtain the fine location of the user, a Sparse Kalman Filter 
(SKF) is applied on the received online measurement and recorded WLAN radio map. The proposed method has been 
implemented on a real wireless device and the results show that the localization error has been reduced to 5 meters. 1 
 
 

INTRODUCTION  
 
      Although the US Global Positioning System (GPS) revolutionized outdoor navigation by providing a free global service for 
outdoor location-awareness [1], [2], it is fundamentally constrained by Line-Of-Sight (LOS) signal propagation between 
satellites and GPS receivers. This limits the ubiquity of GPS operation in urban canyon and indoor environments. To overcome 
this problem, GPS receivers have been integrated with inertial navigation systems such as accelerometers and gyroscopes, 
magnetometers, with various signals of opportunity (SOP), etc. [2]-[4]. In addition, some works have been directed toward 
modifying GPS measurements in urban canyon environments. One of the proposed solutions is Doppler smoothing. This 
technique applies a consistency modification between pseudoranges and pseudorange rates. To this end, more accurate  
 

                                                
1 This material is based upon work supported by the National Science Foundation under Grant No. ECCS-1719043.  

30th International Technical Meeting of the Satellite Division of the Institute
of Navigation (ION GNSS+ 2017), Portland, Oregon, September 25-29, 2017

417



 

                       
                  (a) Open-sky position estimates  
 

                    (b)  Urban canyon position estimates 
 

                                 
            (c) Open-sky position estimate spread                  (d) Urban canyon position estimate spread 
 
Fig.1 – Performance comparison of GPS in open sly and urban canyon environments. The green circles indicate the true 
location. The cyan and magenta dots show the WLS and EKF estimates, respectively. 
 
pseudoranges are obtained and thus, the localization error is reduced. However, our experimental results showed that 
considerable localization error remains even after pseudorange smoothing is applied. WLAN signals are useful types of SOPs 
[5], [6]. WLAN transmitters, called Access Points (APs), are densely deployed in indoor and urban environments, and allow 
for an acquisition of sets of location-distinct wireless measurements called fingerprints. Such fingerprints are typically 
rearranged in a radio-map database which associates a fingerprint vector with a single location on the map [7].  Although 
WLAN signals are typically useful for indoor localization [8]-[10], penetration of these signals outdoors provides abundant 
information. Even in some outdoor areas, WLAN APs are installed outside buildings to provide WLAN network coverage.  
 
     In this paper, a novel localization method is proposed for the fusion of WLAN (WiFi) and GPS measurements for an 
integrated WLAN/GPS operation in urban canyon environments. The novelty is achieved by extending sparse dynamical 
processing for the integrated operation of the proposed hybrid system. In the extended solution, the Kalman Filter is 
constrained to render sparse solution as the user travels in a gridded area. The proposed localization system has been deployed 
on a tablet platform (Google Nexus 9) suitable for experimenting with GPS measurements [11]. Android tablets allow for 
WLAN measurement extraction, so both sets of measurements from WLAN and GPS are available. The operation of the 
proposed approach has been evaluated in a typical urban canyon environment, the campus of the University of Texas at San 
Antonio. The proposed solution allows continuous localization in the sense that localization will be available both outdoors 
and indoors in a dense urban environment and the user does not need to switch between devices or applications. 
     In what follows, we first illustrate the behavior of GPS measurements in urban canyon environments and then, 
experimentally show that Doppler smoothing is not an effective localization procedure in urban canyon environments. 
Afterwards, our proposed localization system is detailed following by numerical results in a real environment with a real 
device.   

 

BEHAVIOUR OF PSEUDORANGE AND DOPPLER IN URBAN CANYON ENVIRONMENT 
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Fig.3- Diagram of the proposed localization scheme 
 
 

                                                                   
 
Fig. 4 – View of WiFi recorder Android application 
      
       
 
     Overall, the following process is used for the offline WLAN fingerprinting stage. The WLAN fingerprint measurements are  
RSSI which are recorded for the visible APs at each RP. As mentioned earlier, the whole set of fingerprints for all RPs is called 
the radiomap of the environment. The radiomap can also be obtained by recording the WiFi signals on a coarser grid and 
interpolating on finer grids [8]. 
 
Coarse Localization using GPS 
 
      In the online phase, the user receives GPS measurements along with online WiFi RSS.  GPS provides a rough estimate of 
the location of the user by selecting an area (cluster) consisting of several RPs, where the user is most probably located. Since 
the single point solution of GPS is unreliable, we perform EKF on the GPS measurements. If the user is static, the EKF with 
constant position model is applied, and if the user is moving the EKF with constant velocity model refines the GPS estimate. 
The decision over the user’s motion is defined with the Inertial Measurement Units (IMU) of the embedded sensor in the 
device. The EKF is based on the dynamical model in (1)-(3).  A subset of K closest RPs is chosen as the coarse location of the 
user. The subset of RPs that fall into the user’s estimated coarse location are then used for finer localization using WLAN. 
Tighter integration of GPS and WLAN measurements is also possible and will be explored in a future work. 
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Fig. 6 – Structure of the implemented approach. 
 
 
 
 
 

                                             
 
Fig. 7- View of developed Android application. GPS-WiFi Application: Green dot is the true location and red dots indicate the 
estimated locations by the proposed technique. Blue dot is the estimated location of Android fused location provider. 
 
passed to JNI-C++ interface. The GPS measurements are evaluated and if more than four satellites are visible to the user, an 
EKF is used for coarse localization. If the number of satellites are less than four, the coarse localization is performed through 
WiFi RSSI  
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(a) Point A (b) Point B (c) Point C 

 
Fig.8 – Estimated solution of the proposed approach (cyan) compared with the solutions of the Google fused location provider 
(red). 
 
measurements. Once the coarse localization is completed, a region around this estimate is selected as the coarse location of the 
user. A screenshot of the developed application is shown in Fig. 7. 
 
      Then, for fine localization, the SKF is applied on the WiFi RSS measurements. Fig. 8 shows the localization error of our 
scheme in the environment with different characteristics. The estimated locations of our technique are compared with the 
Google fused location provider solutions. At point A, GPS signals are not available and the whole localization procedure is 
performed through WLAN. The solutions of fused location provider converge to two different areas, which shows the bias in 
the estimated location. Regarding the estimated location at point B, the area is open from the left of the figure and GPS signals 
are available. The estimated locations of the fused location provider are more stable than the ones of Point A; however they 
render larger errors. Point C is in a region where GPS signals are available some times and the solution switched between GPS 
and WLAN coarse localization. In this area, the estimated locations by the fused location provider is also trapped in two 
distinct and distant regions. The proposed solution in all areas shows consistent performance. The experiment shows that the 
estimated location of the user by GPS has been greatly enhanced with a localization error mean of 5.2 meters. 
 
 

CONCLUSION 
    This paper addressed the problem of GPS localization in urban canyon environments. We showed that enhancements of GPS 
measurements based on Doppler smoothing do not provide satisfactory localization performance. Hence, we integrated GPS 
measurements with WiFi fingerprints using sparse Kalman filtering. The WiFi is ubiquitous as is densely deployed in campus 
environments. The results showed considerable improvement in localization accuracy. 
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