


important. Users preferred a low power consumption application than an application with the

same function but high battery consumption.

(a)
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Figure 6.1 Results of survey with different questions
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4 15

1 | It's popular Can show the map of each floor
2 | Accurate and easy to use 3D version
3 | I need the function of navigation Easy to follow

Other people recommend it to me,
4 | and I found it good to use 3D version
5 | Can find where | want to go Can show the optimal road
6 | Easytouse The map should show the name of each room
7 | The interface is good Can navigate in vertical way
8 | The map is easy to follow Can show the entire building
9 | Easy to use Can show emeragency exit
10 | I don't know other navigation app Can show building structure

It can show real-time road and
11 | traffic notification Can navigate user to nearby entrance of road
12 | Google is famous Can show building general info




Can show the information of the
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13 | place No idea

14 | Good interface Show nearby elevators

15 | It has better accuracy Show food courts around

16 | It can show traffic Give tips for slippery floor

17 | Easy to use Can search the place

18 | The map is clear to identify Can show emeragency exit

19 | The traffic updates in real time Show the degree of crowding in real time
20 | The signal is strong Can show the name of store

21 | Have off-line map Have better accuracy

22 | Can be use in different conuntry Show where is the restroom

23 | Have great reputation Can show the distance between destination and me
24 | Can show speed limit Not only be used in indoor

Table 6.2 Results of survey with questions 4 & 15

6.2.2 Experiments

Location Accuracy: During the experiments at Marqutte University buildings, we recorded the

participant’s track and the coordinates of each positions.
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()

Figure 6.2 Track of participants in different building with different solution
(a) Soli-EH (b) Sol.-EH (c) Sols-EH (d) Soli-CH (e) Sol.-CH (f) Sols-CH
Figure 6.2 (a-f) show the track of participants in different buildings with different
solutions. The red line represents the real path that a tester walked. These six figures show that of
all solutions, our system had the highest location accuracy in both buildings, and demonstrated a
significant improvement over the other solutions. We also found that indoor environment had a
significant influence on the compass, so that it did not work well. The GPS data remained almost
unchanged and meaningless, therefore we don’t provide the graph for GPS solution.

Heading Accuracy: We recorded the heading of each position during the experiments.



http://www.baidu.com/link?url=z4yNl2rKzjITz5rw4RGIuKzVCtNWtj4f34Na99TnL6RYjq8_V-zkggPPbGOTdQFUKM8iPsgIp91S1dah8oMckWEDU0clTGZ2CWYqYNL3H77
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Figure 6.3 Head of participants in different building with different solution
(a) Soli-EH (b) Sol.-EH (c) Sols-EH (d) Soli-CH (e) Sol>-CH (f) Sols-CH
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As shown in the above figures, we found that in Sol: and Sol», the heading changed
smoothly. In Sols, heading changed erratically and too fast. We also found that the change of
heading is less that the actual turning angle. Compared with Sol; and Sols, Sol; showed high

stability and reliability. Figure 6.4 shows the average heading error of Sol; and Sol..

EH CH

Building

Average Heading Error
(=] = Pt L £ (%3] [=1] =] -] ']

H Soll mSol2

Figure 6.4 Average heading error of Sol: and Solz in different buildings

From the above graph, the error of Sol; is significantly lower than Sol,, which means the
Kalman filter worked well and helped our system to achieve a high accuracy on the change of
heading.

Power Consumption: Figure 6.5 shows the power consumption of Sol; (Indoor Navigation_1) and

Sols (Indoor Navigation_2).
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40.2% of battery consumed by:
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Figure 6.5 Power consumption of Sol: and Sols

Sol: consumed less power than Sols. Since the only difference between Sol; and Sols is

the step detection, we conclude that the step sensor contributes to low power consumption.
6.3 Research Interviews

Based on the data collected in the interview, 91.7% of participants said they are
satisfied with our navigation application, which shows this application has a great potential to be

accepted by the users. Several factors may cause a high ratio of acceptance: On the one hand, the
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accuracy of the application has been improved a lot comparing with the other methods shown to
the participants. In our case, Kalman filter is applied to combine the data from gyroscope,
accelerometer and magnetometer to get orientation. The fusion of these elements forms a good
combination which benefit improving the navigation accuracy a lot. From the feedback of the
interview, there is no reporting of the signal lost in the test, what is more, it seldom shows up the
phenomenon which the signal does not match the real route. On the other hand, most of the
participants who took the survey have positive feedback for the operation of the application. This
is actually a very important factor for user experience. The accuracy of the application may have
a big influence on user whether they are willing to use it, while convenience make the user decide
to use it or not.

Though mostly positive feedbacks are received, there are still lots of advices coming
from participants who took the interview, one complaint focus on the interface of the application,
though the functions are well defined, but several people mention the sequence is not clear
explained. Generally, the design of the interface should be improved to make it more attractive
for new users. For example, one participant said that there should be a menu and the background
should be changed. The suggestions also include that there should have an instruction to help user
operate the app, and have more functions to make the app better, like the map can be zoomed in
or out.

For the Scenario of applying the application, most of the participants think that the most
likely places to use this application may be shopping malls and other big public indoor locations

which people may not familiar with the direction. Most of them agree that the application would



be very helpful under that situation. Especially for people who are not familiar with the building

and need to locate some exact spot in hurry. Several other participants also bring up the

application might be applied such as fire accident and earthquake to save people’s lives.
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APPENDIX

Survey Questions

1. What is your age:
A. Under 20

21-30

31-40

40-50

Above 50

moow

2. How often do you use Navigation application?
A. Extremely often

Very often

Moderately often

Slightly often

Not at all often

moow

3. What kinds of Navigation application do you often use?
Google map

Waze Maps

Scout GPS

Sygic

Polaris Navigation

MapQuest

Other

@G mmo o w>

4. Why do you choose this Navigation application?
(Please write the most important reason)

5. Have you used or do you know other indoor navigation app? If yes, please indicate that.
A. Yes
B. No.

6. How often do you charge phone?
A. more than 3 times per day
B. 2-3 times per day
C. 1-2 times per day
D. less than 1 time per day



10.

11.

12.

13.
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As you know, which kind of application is the most power-consuming part in your phone?
A. Games

B. Photo& Video& Music

C. Reading book & news

D. Health & Food

E. Kids & Education & Family

F. Travel & Navigation

G. Shopping

H. Other

If you must delete the applications which were chose in last question, in order to save power,
would you do that?

Yes, (and why)
No, (and why)

What is the most important factor for a navigation application?
A. Accuracy

B. Easily use

C. Good user interface

D. Other_

Do you think the power consumption of applications is important?

A. Yes, absolutely it the most important thing for me

B. Yes, but it not so important, if this application is very powerful

C. No, I don’t care at all

D. No, even though | need to charge phone often, | prefer a full functional application

Please rate accuracy of the navigation application that you are using
A. 0-30%

B. 31-60%
C. 61-90%
D. 91-100%

Do you think the power consumption and accuracy of navigation application which is more
important to you?

A. Power consumption

B. accuracy of navigation

What do you think indoor navigation application?
A. Yes, I’d like to try it.



B.
C.

It sounds interesting, but it is not useful for me.

I don’t know

14. Did you use other indoor navigation application before?

A
B.

Yes
No

15. What functions do you think indoor navigation application should include?

16. What price is acceptable for an indoor navigation app?

A

moow

Free

$1-5

$5-10

More than $10
Other price range

17. What could be the reasons that delete your indoor navigation app from your phone?

A
B.
C.

Too expensive
| don't need it
Other reasons
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Research Interview Questions

1. How do you think about this navigation application?

2. Are there any situations that this application lose signal?  (If there is, when and where)

3. Which part signal does not match the real route?

4. What’s your feeling when you use this application? How you think it is useful for someone who

comes a new please first?

5. How you like the graphic user interface of this application?

6. How you think the convenience of this application?

7. In what situation do you think that you will use this application?

8. What suggestion do you have for this application?



