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CHAPTER 5

Experimental Evaluation 

This chapter will be divided into two parts to be described.  First, we make a description of 

the setting of our experiments in section 5.1.  Second, in section 5.2, the experimental 

results are demonstrated specifically. 

5.1. Experimental Setup 

Figure 5-1: Second Floor of Daren Building 

We performed our experiments on the second floor of the Dept of CS, National Cheng-Chi 

University.  Figure 6-1 shows the layout of second floor in the building.  This area has a 

dimension of 11 × 52 meters.  The building is equipped with 802.11b/g wireless LAN 

environment.  Our experiment devices are IBM X60.  The locating system was primarily 
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implemented in JAVA, and agent uses NetStumbler (wireless signal strength collection 

software) to train data.  A graphic user interface (GUI) is developed by JAVA, too.   

Experiments can be held just by clicking some points on the GUI to act calibration phase, 

and online results are also showed on the interface.  Our system was running under 

Microsoft Windows XP operating system.  Table 6-1 summaries experimental setup 

described above: 

Table 5-1: Experimental Setup 

Building Dept of CS, National Cheng-Chi University 
Notebook IMB X60 

OS Microsoft Windows XP 
Card Intel centrino 

System Language JAVA, JDK version 1.4 
Software for collecting signals NetStumbler 

Figure 5-2: System GUI (calibration interface) 
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In figure 5-2, we use mouse to press where the red point is for triggering off calibration 

process.  Location estimation GUI is shown in figure 5-3 as follows and the green point 

represents the outcome of positioning. 

Figure 5-3: System GUI (location estimating interface) 

5.2. Experimental Results 

5.2.1. Results of Reducing Calibration Effort 

Figure 5-4 reveals the accuracy with different number of calibration points in each room.    

The X axis represents how many points of user trace added into radio map and the Y axis 

represents the error distance in meters. 
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Figure 5-4: Accuracy of Reducing Calibration Effort 

     The blue line is the result of calibrating one point in each room, red line with three 

points and yellow line with five points.  As we can see, the more calibration points we 

train, the better accuracy we get.  We can directly perceive through the senses that the 

more calibration points in each room, the more information we can utilize. But the accuracy 

of one point can still achieve a good performance of mean error distance within 2 meter 

after learning 75 user trace points.  The more important thing is that all three lines 

gradually do down which means the accuracy improves with the increasing of the number 

of user trace points.  In other words, the more points learned by user trace, the more 

accurate radio map we can derive.  That means we successfully compensated the loss 

accuracy due to the reduction of calibration effort and the lack of APs’ positions by 

refreshing radio map. 

     We take other two locating systems for comparison as table 5-2 shown below:   



46

Table 5-2: Comparison of different locating systems 

Ours RADAR[1] Microsoft[8] 

Mean error distance (m) 2.89 1.92 9.19 

Reduced calibration rate 99% 0% 90% 

     RADAR[1] trained every grid points in a space and gained a good performance of 

mean error distance about 1.92 meters because it expense 100% calibration effort.  

Microsoft proposed another locating system[8] tried to reduce at most 90% calibration 

effort but derived a worse mean error distance about 9.19 meters.  Our system reduced 9% 

more than Microsoft[8] did and earned a mean error distance about 2.89 meters which is 

comparable to that of RADAR[1]. 

     Figure 5-5 illustrates the variance of the data in figure 5-4 and the X and Y axes are 

also the same shown below: 

Figure 5-5: Variation of Reducing Calibration Effort
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     Where we can observe that the more calibration points we have, the less variance 

locating system deviates.  However, the variance of these three lines all distribute among 

0.75 to 1.25.  That reveals our locating system is quite stable no matter how many points 

we have learned. 

5.2.2. Results of Locating with Elder Calibration Points 

The radio environment varies day by day.  The AP we use today maybe corrupt the day 

after tomorrow or simply disconnect from the internet.  Therefore, the radio map we 

calibrate now maybe inaccurate next week.  The calibration points without updating in 

figure 5-4 and 5-5 were trained on September 10th, 2007.  We use these points to redo the 

accuracy of reducing calibration effort on September 16th, 2007 in figure 5-6 as shown 

below:

Figure 5-6: Accuracy of Reducing Calibration Effort with Elder Calibration Points 
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     As we can see, these lines appear similar trend to those in figure 5-4 that means the 

effectiveness of our system remains consistent in performance.  Figure 5-7 illustrates a 

different point of view to the difference between these two dates as follows: 

Figure 5-7: Accuracy of the Same Calibration Points Used in Different Days 

     The X axis represents the number of calibration points in each room and the Y axis 

represents mean error distance of different numbers of calibration points on each day.  

Hence, a dot in figure 5-7 stands for the mean value of a line in figure 5-4 or 5-6.  We can 

tell the difference between data in two dates right now.  The mean error distance on 9/10 is 

better than that on 9/16 due to the change in radio environment.  However, the difference 

between these two days is less than 0.5 meter which is too little to care about.  That also 

reveals that we compensate the loss accuracy due to variance in environment as time goes 

on.
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5.2.3. Result of Locating in Different Environments 

We try to transplant our system from Daren building to other buildings or locations to test 

the robustness.  First, we move the experimental environment to the second floor of Main 

library, National Cheng-Chi University whose map is shown below: 

54m

65m

AP1

AP2

Figure 5-8: 2nd Floor of Main library, NCCU
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     Here we keep all the setting described above and calibrate three points in each room. 

Figure 5-9 illustrate the accuracy of reducing calibration effort as below: 

Figure 5-9: Accuracy of 3 Calibration Points in Library 

     As we can see, the line still goes down with the same trend as illustrated in figure 5-4 

and 5-6.  Even though the error distance after learning 100 user trace points is worse than 

that in Daren building.  But, the area of Main library is about six times bigger than that of 

Daren building.  Error distance is originally proportioned to the area of space.  Therefore, 

the performance of error distance is quite well in this kind of environment and reveals the 

effectiveness of our system again. 

     Even if Global Positioning System (GPS) is widely used for outdoor locating system, 

there are still some limits.  GPS doesn’t work when user approaches a high building or a 

bad weather might influence its performance.  Thus, we try to apply our system in outdoor 
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environment as illustrated below: 

Figure 5-10: Lane In Front of Daren Building, NCCU 

     Our outdoor experimental environment is basically in the lane in front of Daren 

Building, National Cheng-Chi University.  Like the experiment in Main library, we keep 

the setting of system the same as before and trains three calibration points.  Experimental 

result is illustrated as follows: 
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Figure 5-11: Outdoor Accuracy of 3 Calibration Points 

     Figure 5-11 reveals the gradually decreasing trend, too.  The more user traces points 

we learned, the better accuracy we get.  The mean error distance of 100 user trace points is 

completely comparable to that of GPS. 

     The area of Daren building and the area of lane in front of Daren building are about 

the same, nevertheless, the performance of the latter is much worse than the former.  We 

consider the sensitivity of signal propagation is an inverse proportion to distance between 

transmitter and receiver.  Figure 5-12 supports our point of view shown as follows: 
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Figure 5-12: Signal Strength Loss by Distance 

     First, we set a starting point in Daren building and collect signal strength of some AP 

every two meters away from the starting point.  Second, do the same thing in the lane in 

front of Daren building.  As shown in figure 5-12, it doesn’t matter the red outdoor line is 

always under the blue indoor line because the AP was employed in Daren building.  It’s 

very reasonable to receive stronger signal strength in Daren building.  The most important 

is that the blue line decreased from about -32 to -73, but the red line was unstable in 20 

meters and then gradually decreased from -67 to -83.  That means the more distance 

between T-R, the less difference between signals we received.  Too many grid points with 

similar signal strength will cause locating system unable to distinguish from them. 


