
 
  
 

 

 

Figure 7. Positioning results before turning: GNSS 
positioning result (yellow dot), GNSS/INS integration 
result (red dot), and GNSS/INS/lane detection integration 
result (green dot).  
 
denoted by the green points (GNSS/INS /lane detection 
integration). The reason is the lane detection can correct 
the error along the lateral direction.  

 
Table 1. Evaluation of the proposed localization system 

Ex. Evaluation method GNSS 
GNSS/ 

INS 

GNSS/INS/ 

Lane detection 

1 

Positioning Error 

mean (meter) 
3.44 1.79 0.73 

Correct lane rate 43.2% 59.1% 93.2% 

2 

Positioning Error 

mean (meter) 
2.41 1.29 0.71 

Correct lane rate 55.0% 82.5% 95.0% 

 

6. Conclusions and Future Work 
This paper proposes to integrate semantic 2D lane mark 
map and vision-based lane detection function with 
GNSS/INS positioning system, in order to achieve precise 
localization in urban canyon. Firstly, a lane detection 
algorithm is implemented, which can detect distance from 
vehicle center to left line and right line. Then three sources, 
GNSS, INS, distance to lane are integrated in the particle 
filter framework for localization. INS describes motion of 
vehicle via velocity and heading direction. The motion of 
the vehicle is used for particle propagation in the 
integration algorithm. GNSS gives global localization 
measurement, which can estimate probability of particles. 
Lane detection function percepts the relative distance from 
the center of vehicle to left white line and right white line. 
This distance is additional measurement to refine the 
probability of particles. Finally, the developed system was 
tested in an urban environment, and the results indicate that 

the lane detection function improves the occupied lane 
detection rate to 90% and achieves sub-meter level 
performance.  

In the future, the longer distance test will be conducted 
to verify the performance of the proposed method. In 
addition, the vision based intersection perception function 
will be developed to improve the localization result in the 
intersection. 
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Abstract This paper describes the dynamic performance evaluation of an indoor positioning system using the

wireless LAN on smartphones. As a result, positioning errors of the longitudinal direction are increased in a negative

direction along with an increase of the moving velocity. We define the access point variance rate R and the access

point invariance rate R respectively, and find the adjusted delay which multiply the delay time and the access point

invariance rate. Then, the adjusted delay is roughly constant when the threshold is -60dBm. Consequently, this

paper suggests the existence of the value of the adjusted time to make the effects of the variance of the access points.
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