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( 57 ) ABSTRACT 
An indoor positioning method , indoor positioning system 
and indoor maps creating device thereof are provided . The 
method includes converting a panorama image correspond 
ing to an indoor environment into a plurality of perspective 
images , and extracting a plurality of reference feature points 
and descriptors of the reference feature points from the 
perspective images ; taking a shooting position of the pan 
orama image as an origin , and recoding a plurality of 3D 
reference coordinate values corresponding to a central posi 
tion of each perspective images ; calculating 3D coordinate 
values of the reference feature points base on the 3D 
reference coordinate values , and storing the 3D coordinate 
values and the descriptors of the reference feature points as 
an indoor map corresponding to the indoor environment . 
The method also includes determining a 3D target coordi 
nate value of a portable electronic device with respect to the 
origin of the indoor maps in the indoor environment . 

15 Claims , 7 Drawing Sheets 
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METHOD AND SYSTEM FOR INDOOR the accuracy of three - dimensional object positioning . 
POSITIONING AND DEVICE FOR Besides , the radio frequency identification function is only 

CREATING INDOOR MAPS THEREOF able to identify a specific target with a tag , and is unable to 
determine the distance between the user device and the 

CROSS - REFERENCE TO RELATED 5 object in the surrounding . In addition , the quantity of tags 
APPLICATION disposed is also subject to the budget . 

It is also common to position based on a base station . For 
This application claims the priority benefits of U . S . pro - example , a positioning device ( e . g . , the user ' s mobile 

visional application Ser . No . 62 / 379 , 753 , filed on Aug . 26 , device may calculate the current position by calculating the 
2016 and Taiwan application serial no . 105136161 , filed on 10 time for a signal to arrive at the base station . However , since 
Nov . 7 , 2016 . The entirety of each of the above - mentioned the error of such method may be as high as hundreds of 
patent applications is hereby incorporated by reference meters , such method is not suitable in the scenario of indoor 
herein and made a part of this specification . positioning . 

Therefore , a positioning method based on the wireless 
BACKGROUND OF THE PRESENT 15 network is more suitable for an outdoor space that is more 

INVENTION spacious , such as a stadium or an outdoor space without 
obstacles , and the positioning effect of such method in a 

1 . Field of the Invention space within a building , such as an indoor space or a 
The present invention relates to an indoor positioning hallway , is not as desirable . Besides , these techniques are 

method , and particularly relates to an indoor positioning 20 suitable for two - dimensional positioning , and not capable of 
method and an indoor positioning system for positioning a accurate three - dimensional positioning . Thus , the position 
portable electronic device in an indoor environment and an ing techniques are unable to meet the needs for indoor 
indoor map establishing device thereof . positioning , such that currently no indoor positioning system 

2 . Description of Related Art can be used by the mass . 
As wireless mobile devices gain popularity , more and 25 

more users conduct the activities in their daily life through SUMMARY OF THE PRESENT INVENTION 
mobile devices , and there are more and more places offering 
wireless network connection . Since the environment of The present invention provides an indoor positioning 
wireless network has become more and more matured , method , an indoor positioning system , and an indoor map 
various device manufacturers now shift focus on value - 30 establishing device . According to the indoor positioning 
adding applications of the environment of wireless network , method and system and the indoor map establishing device , 
and one example of such applications is to provide position an indoor map is quickly generated by a computer n an 
sensing service that offers position information . Through the off - line mode and uploaded to a server end , and a portable 
position sensing service , the user can be informed with electronic device at a user end downloads the indoor map at 
various nearby information and services and is able to 35 an on - line mode , so as to compare a real - time image 
quickly find his / her destination . Besides , business owners or captured by the portable electronic device and the indoor 
service providers would hope to sense based on the position map to position the portable electronic device . Accordingly , 
sensing service , so as to send information ( e . g . , advertise the quality and efficiency of positioning service provided to 
ments ) to the users when the users are in their business the user real - time are facilitated , and the corresponding 
locations ( e . g . , malls , restaurants , parking lots , department 40 information is provided to the user more efficiently , thereby 
stores , and the like ) . In view of the needs , it is important and bringing more convenient operation experience to the user . 
necessary to provide an indoor positioning and navigating An exemplary embodiment of the present invention pro 
system capable of quick indoor positioning and navigating , vides an indoor positioning method for positioning a por 
so as to exchange the data between the business owners or table electronic device . The indoor positioning method 
service providers and the users . 45 includes : converting a panorama image corresponding to an 

Conventional commercial positioning systems , such as indoor environment into a plurality of perspective images , 
the Global Positioning System ( GPS ) , are basically appli - and extracting a plurality of reference feature points in the 
cable for outdoor positioning . Such systems exhibit higher perspective images and descriptors of the reference feature 
positioning accuracy and a faster positioning speed in an points ; taking a shooting position of the panorama image as 
environment with preferable signal strength . Since satellite 50 an origin and recording a plurality of three - dimensional 
signals are significantly attenuated indoor , it is more chal reference coordinate values corresponding to a central posi 
lenging to use the outdoor positioning systems for indoor tion of each of the perspective images ; calculating three 
positioning . Currently , conventional indoor three - dimen - dimensional coordinate values of the reference feature 
sional object positioning or tracking techniques are also points base on the three - dimensional reference coordinate 
under limitations such as unable to receive GPS signals , and 55 values , and storing the three - dimensional coordinate values 
thus adopt a user device having a wireless communication of the reference feature points and the descriptors of the 
function ( e . g . , Bluetooth , WIFI , etc . ) to transmit signals and reference feature points as an indoor map corresponding to 
rely on a signal strength indicator value to determine a the indoor environment ; and determining a three - dimen 
distance with respect to a nearby object , or dispose a tag sional target coordinate value of the portable electronic 
having a wireless communication function ( ex . NFC tags ) to 60 device in the indoor environment according to the indoor 
an indoor object , so as to read and write relevant data map . 
through radio signals and identify a specific target by the According to an embodiment of the present invention , the 
technique of Near Field Communication . However , since step of taking the shooting position of the panorama image 
these three - dimensional object positioning techniques are as the origin and recording the three - dimensional reference 
also based on signal reception and determination of signal 65 coordinate values corresponding to the central position of 
strength , these techniques are also prone to the environmen - each of the perspective images includes : obtaining a plural 
tal influences that make the signals unstable and thus affect ity of reference pixels of the central position of each of the 

th 
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perspective images in a vertical axis direction and a hori - the perspective images and descriptors of the reference 
zontal axis direction , and recording three - dimensional coor feature points . The processor is further configured to take a 
dinate values of the reference pixels as the three - dimen - shooting position of the panorama image as an origin and 
sional reference coordinate values . record a plurality of three - dimensional reference coordinate 

According to an exemplary embodiment of the present 5 values corresponding to a central position of each of the 
invention , each of the reference feature points corresponds perspective images . Moreover , the processor is further con 
to a feature point pixel in the perspective image , and the figured to calculate three - dimensional coordinate values of 
steps of calculating the three - dimensional coordinate values the reference feature points base on the three - dimensional 
of the feature point base on the three - dimensional reference reference coordinate values , and store an indoor map cor 
coordinate values includes : obtaining a first reference pixel 10 responding to the indoor environment and formed by the 
corresponding to the feature point pixel in the vertical axis three - dimensional coordinate values of the reference feature 
direction and a second reference pixel corresponding to the points and the descriptors of the reference feature points in 
feature point pixel in the horizontal axis direction ; and the positioning database . The portable electronic device is 
calculating a three - dimensional coordinate value of the configured to determine a three - dimensional coordinate 
feature point pixel based on the three - dimensional reference 15 value of the portable electronic device in the indoor envi 
coordinate value of the first reference pixel and the three - ronment according to the indoor map . 
dimensional reference coordinate value of the second refer - According to an exemplary embodiment of the present 
ence pixel . invention , the processor is further configured to obtain a 

According to an exemplary embodiment of the present plurality of reference pixels of the central position of each of 
invention , the indoor map is generated in an off - line mode , 20 the perspective images in a vertical axis direction and a 
and the off - line mode is a state without connection to the horizontal axis direction , and record three - dimensional coor 
Internet . dinate values of the reference pixels as the three - dimen 

According to an exemplary embodiment of the present sional reference coordinate values . 
invention , the indoor map is stored in a positioning database , According to an exemplary embodiment of the present 
and the step of determining the three - dimensional target 25 invention , each of the reference feature points corresponds 
coordinate value with respect to the origin of the portable to a feature point pixel in the perspective image , and the 
electronic device in the indoor environment according to the processor is further configured to obtain a first reference 
indoor map includes : obtaining a real - time image by the pixel corresponding to the feature point pixel in the vertical 
portable electronic device , and extracting a plurality of axis direction and a second reference pixel corresponding to 
target feature points of the real - time image and descriptors 30 the feature point pixel in the horizontal axis direction . The 
of the target feature points , comparing the descriptors of the processor is further configured to calculate a three - dimen 
reference feature points and the descriptors of the target sional coordinate value of the feature point pixel based on 
feature points , and if the distance between the descriptors of the three - dimensional reference coordinate value of the first 
the reference feature points and the descriptors of the target reference pixel and the three - dimensional reference coordi 
feature points smaller than a predetermined threshold value , 35 nate value of the second reference pixel . 
retrieving the three - dimensional coordinate values of the According to an exemplary embodiment of the present 
reference feature points whose distance value with respect to invention , the portable electronic device is further config 
the descriptors of the target feature points smaller than the ured to obtain a real - time image , and extract a plurality of 
predetermined threshold value from the positioning data target feature points of the real - time image and descriptors 
base ; and calculating the three - dimensional target coordinate 40 of the target feature points . The portable electronic device is 
value and a rotational angle of the portable electronic device further configured to determine the indoor environment of 
based on the three - dimensional coordinate values of the the portable electronic device through the Internet , and 
reference feature points retrieved from the positioning data download the indoor map corresponding to the indoor 
base . environment to the portable electronic device . The portable 

According to an exemplary embodiment of the present 45 electronic device is further configured to compare the 
invention , determining the three - dimensional target coordi - descriptors of the reference feature points and the descrip 
nate value of the portable electronic device in the indoor tors of the target feature points , and if the distance value 
environment with respect to the origin is performed in an between the descriptors of the reference feature points and 
on - line mode , and the on - line mode is a state with connec the descriptors of the target feature points smaller than a 
tion to the Internet . The step before comparing the descrip - 50 predetermined threshold value , retrieve the three - dimen 
tors of the reference feature points and the descriptors of the sional coordinate values of the reference feature points 
target feature points further includes : determining the indoor whose distance value with respect to the descriptors of the 
environment of the portable electronic device through the target feature points smaller than the predetermined thresh 
Internet , and downloading the indoor map corresponding to old value from the positioning database . Moreover , the 
the indoor environment to the portable electronic device . 55 portable electronic device is further configured to calculate 

An exemplary embodiment of the present invention pro - the three - dimensional target coordinate value and a rota 
vides an indoor positioning system . The system includes a tional angle of the portable electronic device based on the 
camera device , a portable electronic device , and an indoor three - dimensional coordinate values of the reference feature 
map establishing device . The camera device is configured to points retrieved from the positioning database . 
shoot a panorama image corresponding to an indoor envi - 60 According to an exemplary embodiment of the present 
ronment , and the indoor map establishing device is con - invention , the processor is operated in an off - line mode and 
nected to the camera device . The indoor map establishing the portable electronic device is operated in an on - line mode , 
device includes a storage device and a processor . The and the off - line mode is a state without connection to the 
storage device stores a positioning database , and the pro - Internet , whereas the on - line mode is a state with connection 
cessor is coupled to the storage device and configured to 65 to the Internet . 
convert the panorama image into a plurality of perspective An exemplary embodiment of the present invention pro 
images and extract a plurality of reference feature points in vides an indoor map establishing device including a storage 
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device and a processor . The storage device stores a posi To make the above features and advantages of the present 
tioning database and a plurality of modules . The processor invention more comprehensible , several embodiments 
is coupled to the storage device , and loads and executes the accompanied with drawings are described in detail as fol 
modules stored in the storage device . In addition , the pro lows . 
cessor is operated in an off - line mode . The modules include 5 
an input module , an image processing module , a feature BRIEF DESCRIPTION OF THE DRAWINGS 
extracting module , and a computing module . The input 
module is configured to receive a panorama image corre The accompanying drawings are included to provide a 

sponding to an indoor environment . The image processing further understanding of the present invention , and are 
module is configured to convert the panorama image into a 10 incorporated in and constitute a part of this specification . 

The drawings illustrate embodiments of the present inven plurality of perspective images . The image processing mod 
ule is further configured to take a shooting position of the tion and , together with the description , serve to explain the 

principles of the present invention . panorama image as an origin and record a plurality of FIG . 1 is a schematic view illustrating an indoor posi three - dimensional reference coordinate values correspond 15 tioning system according to an embodiment of the invention . ing to a central position of each of the perspective images . FIG . 2 is a block view illustrating an indoor map estab The feature extracting module is configured to extract a lishing device according to an embodiment of the invention . 
plurality of reference feature points in the perspective FIG . 3 is a flowchart illustrating an indoor positioning 
images and descriptors of the reference feature points . The method according to an embodiment of the invention . 
computing module is configured to calculate three - dimen - 20 FIGS . 4A to 4D are schematic view illustrating converting 
sional coordinate values of the reference feature points base a panorama image into a plurality of perspective images 
on the three - dimensional reference coordinate values according to an embodiment of the invention . 
recorded in the image processing module , and store an FIG . 5 is a schematic view illustrating recording a plu 
indoor map corresponding to the indoor environment and rality of three - dimensional reference coordinate values cor 
formed by the three - dimensional coordinate values of the 25 responding to central positions of the perspective images 
reference feature points and the descriptors of the reference according to an embodiment of the invention . 
feature points in the positioning database . FIG . 6 is a schematic view illustrating calculating three 

According to an exemplary embodiment of the present dimensional coordinate values of feature points according to 
invention , the computing module is further configured to the three - dimensional reference coordinate values corre 
obtain a plurality of reference pixels of the central position 30 sponding to the central positions in the perspective images 
of each of the perspective images in a vertical axis direction according to an embodiment of the invention . 

FIG . 7A is a schematic view illustrating a corresponding and a horizontal axis direction , and record three - dimensional relation between the Cylindrical Coordinate System and the coordinate values of the reference pixels as the three Cartesian Coordinate System according to an embodiment dimensional reference coordinate values . 35 of the invention . According to an exemplary embodiment of the present FIG . 7B is a top view illustrating a panorama image 
invention , each of the reference feature points corresponds according to an embodiment of the invention . to a feature point pixel in the perspective image , and the FIG . 7C is a side view illustrating a panorama image computing module is further configured to obtain a first according to an embodiment of the invention . 
reference pixel corresponding to the feature point pixel in 40 FIG . 7D is a schematic view illustrating symmetry of a 
the vertical axis direction and a second reference pixel cylindrical coordinate system according to an embodiment 
corresponding to the feature point pixel in the horizontal of the invention . 
axis direction . The computing module is further configured 
to calculate a three - dimensional coordinate value of the DESCRIPTION OF THE EMBODIMENTS 
feature point pixel based on the three - dimensional reference 45 
coordinate value of the first reference pixel and the three - Reference will now be made in detail to the present 
dimensional reference coordinate value of the second refer preferred embodiments of the present invention , examples 
ence pixel . of which are illustrated in the accompanying drawings . 

According to an exemplary embodiment of the present Wherever possible , the same reference numbers are used in 
invention , the off - line mode is a state without connection to 30 the drawings and the description to refer to the same or like 
the Internet . parts . 

Based on the above , in the exemplary embodiments , the To allow the user to quickly and conveniently find his / her 
destination or target in an indoor environment , and provide technical solution of recording only the three - dimensional a function for business owners to exchange data with the reference coordinate values of the reference pixels of the 55 user through positioning and navigating functions in the central positions of the perspective views obtained by indoor environment , the embodiments of the present inven unfolding the panorama image in the vertical axis direction tion establish an indoor map based on a 360 - degree pan 

and the horizontal axis direction in the off - line mode is orama image obtained in an off - line analysis , and compare 
adopted , so as to effectively save the memory space of the an image captured by the user ' s portable electronic device 
storage device and facilitate the performance of obtaining 60 and the indoor map based on an image identification tech 
the three - dimensional coordinate of each feature point in the nique , so as to position the user ' s portable electronic device . 
perspective image , thereby quickly generating the indoor Therefore , positioning of the portable electronic device is 
map . Accordingly , in the on - line mode , the portable elec - not limited by unstable signals and incorrect positioning 
tronic device may quickly compare the real - time image caused by a wireless network and an obstacle in the space . 
captured by the portable electronic device itself and the 65 Accordingly , the quality and efficiency of the positioning 
indoor map , so as to position the portable electronic device service offered to the user real - time are effectively facili 
of the user . tated . 



US 10 , 169 , 914 B2 

FIG . 1 is a schematic view illustrating an indoor posi - so as to carry out the indoor positioning method according 
tioning system according to an embodiment of the invention . to the embodiments of the present invention . To more clearly 
Referring to FIG . 1 , an indoor positioning system 100 describe the operation of the indoor positioning system 100 
includes an indoor map establishing device 200 , a camera of the embodiments of the present invention and the indoor 
device 110 , and a portable electronic device 120 . The camera 5 map establishing device 200 and the portable electronic 
device 100 is a catadioptric camera formed by a convex lens device 120 of the indoor positioning system 100 , an example 
and a single - lens camera , for example . However , the present is described in the following with reference to FIGS . 1 , 2 , 
invention is not limited thereto . For example , the camera and 3 . 
device 110 may also be other omni - directional cameras FIG . 3 is a flowchart illustrating an indoor positioning 
capable of taking a 360 - degree panorama image . The por - 10 method according to an embodiment of the invention . Refer 
table device 120 may be a mobile device , a personal digital ring to FIGS . 1 to 3 , the input module 210 of the indoor map 
assistant ( PDA ) , a tablet computer , or the like . Alternatively , establishing device 200 may receive a panorama image from 
the portable device 120 may also be other electronic devices the camera device 110 , and in Step 301 , the image process 
connected to the Internet 102 through a wireless communi - ing module 220 may convert the panorama image received 
cation network and communicating and transmitting data 15 from the input module 210 into a plurality of perspective 
with the indoor map establishing device 200 . In addition , the images , and the feature extracting module 230 may extract 
Internet 102 is a Wireless Fidelity ( WiFi ) network or a global a plurality of feature points ( also referred to as reference 
system for mobile ( GSM ) network , for example . However , feature points ) in the perspective images and descriptors of 
it should be understood that the Internet 102 may also be the reference feature points . 
other suitable network communication protocols , and the 20 Specifically , panorama images may be classified into 
present invention does not intend to impose a limitation in spherical panorama images , cylindrical panorama images , 
this regard . and cubic panorama images . In the exemplary embodiment , 

For example , the indoor map establishing device 200 is the panorama image taken by the camera device 110 is a 
operated in an off - line mode , and the indoor map establish cylindrical panorama image . Since the cylindrical panorama 
ing device 200 may receive a panorama image from the 25 image may be unfolded into perspective images with only 
camera device 110 and establish an indoor map based on the left and right boundaries distorted , adopting the cylindrical 
panorama image . The portable electronic device 120 is panorama image retains original states of most feature points 
operated in an on - line mode , so as to download the indoor in the image . 
map from the indoor map establishing device 200 through In the exemplary embodiment of the present invention , a 
the Internet 102 for a positioning operation of the portable 30 target feature point of a real - time image captured by the 
electronic device 120 . Here , the off - line mode refers to a user ' s portable electronic device 120 and the reference 
state without connection to the Internet , while the on - line feature point of the panorama image after being converted 
mode refers to a state with connection to the Internet 102 . It into the perspective images are compared , and the portable 
should be understood that , while the example here is electronic device 120 is positioned based on the three 
described based on a portable electronic device , the present 35 dimensional coordinates of the feature points found matched 
invention is not limited thereto . For example , the indoor in the comparison . Since the real - time image captured by the 
positioning system 100 may include a plurality of portable portable electronic device 120 adopts the Cartesian Coordi 
electronic devices , and each portable electronic device may nate System , whereas the cylindrical panorama image 
perform positioning calculation to obtain a three - dimen adopts the Cylindrical Coordinate System , when the two 
sional coordinate value of the portable electronic device in 40 images are compared , the numbers and positions of the 
the indoor environment . feature points resulting from calculation may not completely 

FIG . 2 is a block view illustrating an indoor map estab - match , thus rendering an inaccurate comparison result . 
lishing device according to an embodiment of the invention . Besides , a panorama image is unable to be directly con 
Referring to FIG . 2 , the indoor map establishing device 200 verted into a complete image under the Cartesian Coordinate 
includes a storage device 202 and a processor 204 . In the 45 System . Thus , in Step S301 , the image processing module 
embodiment , the indoor map establishing device 200 may be 220 may convert the received panorama image into the 
a server or a computer system having a computing capabil perspective images . 

FIGS . 4A to 4D are schematic view illustrating converting 
The storage device 202 may be any type of static or a panorama image into a plurality of perspective images 

portable random access memory ( RAM ) , read - only memory 50 according to an embodiment of the present invention . 
( ROM ) , flash memory , solid state drive ( SSD ) , similar Referring to FIGS . 4A to 4D , a center point of a panorama 
components , or a combination thereof . In the embodiment , image 400 taken by the camera device 110 is at a shooting 
the storage device 202 is configured to store software position where the camera device 110 is located . In other 
programs such as an input module 210 , an image processing words , as shown in FIG . 4A , the shooting position of the 
module 220 , a feature extracting module 230 , a computing 55 camera device 110 is an origin 410 of the panorama image 
module 240 , and a positioning database 250 , etc . 400 . In the exemplary embodiment , as shown in FIG . 4B , the 

The processor 204 is coupled to the storage device 202 . image processing module 220 may divide the panorama 
The processor 204 may be a single - core or multi - core central image 400 into eight strip perspective images 400a to 400h 
processing unit ( CPU ) , other programmable general - pur - with the same width , and each strip perspective image may 
pose or specific - purpose microprocessors , a digital signal 60 cover a horizontal field - of - view of 45° from the origin 410 
processor ( DSP ) , a programmable controller , an application of the cylindrical panorama image 400 . It should be noted 
specific integrated circuit ( ASIC ) , other similar components , that the exemplary embodiment adopts the horizontal field 
or a combination thereof In the exemplary embodiment , the of - view of 45° as a standard for division because the 
processor 204 is configured to access and execute the input field - of - view of the mobile devices ( e . g . , smart phones ) on 
module 210 , the image processing module 220 , the feature 65 the market is about 45° . However , such standard for division 
extracting module 230 , the computing module 240 , and the shall not be construed as a limitation on the standard for 
positioning database 250 recorded in the storage device 202 , division concerning the size of the horizontal field - of - view . 

ity . 
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For example , in another exemplary embodiment , the stan - the feature point so that the feature point exhibits direction 
dard for division may also be set as a horizontal field - of - invariance . Subsequently , a BRIEF feature description is 
view greater or smaller than 45° based on practical needs . performed on the feature point , so that the feature point 

Since the real - time image captured by the portable elec obtained accordingly exhibits rotation invariance and scale 
tronic device 120 adopts the Cartesian Coordinate System , 5 invariance , and is less prone to noise interference . Similarly , 
and the cylindrical panorama image adopts the Cylindrical the BRISK algorithm also improves based on the BRIEF 
Coordinate System , the unfolding of the cylindrical pan - algorithm . The feature point of the BRISK algorithm exhib 
orama image 400 into the perspective views involves con - its scale invariance and rotation invariance . 
version between the two coordinate systems . As shown in Then , in Step S303 , the image processing module 220 
FIG . 4C , taking the perspective image 400a as an example , 10 may take the shooting position of the panorama image 400 
the perspective image 400a after being converted into the as the origin 410 and record a plurality of three - dimensional 
Cartesian Coordinate System may exhibit concave regions at coordinate values ( also referred to as three - dimensional 
a top part and a bottom part , making the left and right reference coordinate values ) at a central position of each of 
boundaries of the perspective image 400a distorted . For the perspective images 400a to 400h . In other words , the 
example , the perspective image 400a may exhibit strip - like 15 three - dimensional reference coordinate values recorded by 
lines ( not shown ) formed by pixels without being filled with the image processing module 220 are relative coordinate 
a gray - scale color . Such phenomenon is referred to as an positions with respect to the three - dimensional coordinate 
aliasing effect . In view of the issue , in the exemplary value of the origin 410 . Here , the three - dimensional refer 
embodiment of the present invention , the image processing ence coordinate values corresponding to the central position 
module 220 may perform image processing on the perspec - 20 of each of the perspective images 400a to 400h refer to 
tive image 400a to assign an average value of adjacent left coordinate values corresponding to a plurality of pixels ( also 
and right pixels to the strip - like lines formed by the pixels referred to as a plurality of reference pixels ) of the central 
without being filled with a gray - scale color . position of each of the perspective images 400a to 400h in 

Particularly , in the exemplary embodiment of the present a vertical axis direction and a horizontal axis direction . 
invention , the image processing module 220 may generate 25 FIG . 5 is a schematic view illustrating recording a plu 
unfolded perspective image 420 and unfolded perspective rality of three - dimensional reference coordinate values cor 
image 420 ' ( as shown in FIG . 4D ) corresponding the pan - responding to central positions of the perspective images 
orama image 400 during the operation of converting the according to an embodiment of the invention . 
panorama image 400 into the perspective images . Referring to FIG . 5 , in the exemplary embodiment , taking 

The unfolded perspective image 420 is obtained by 30 the perspective image 400d obtained by unfolding the pan 
unfolding the perspective images 400a to 400h divided orama image 400 as an example , the image processing 
based on the dividing angle shown in FIG . 4B , and the module 220 may obtain a plurality of reference pixels of a 
unfolded perspective image 420 ' is obtained by unfolding central position 500 of the perspective image 400d in a 
perspective images 400i to 400p divided based on a dividing vertical axis direction 502 and a horizontal axis direction 
angle differing from the dividing angle shown in FIG . 4B by 35 504 , and only record three - dimensional reference coordinate 
22 . 5° . With the two unfolded perspective images ( i . e . , the values of the reference pixels . Similarly , the image process 
unfolded perspective image 420 and the unfolded perspec - ing module 220 records only three - dimensional reference 
tive image 420 ' ) , the inaccurate comparison result due to the coordinate values of a plurality of reference pixels of the 
deformation in curvature in the left and right boundaries of central position 500 of each of the remaining perspective 
each perspective image is able to be remedied , and the 40 images ( i . e . , the perspective images 400a to 400c and 400e 
subsequent computation on the feature points in the per - to 400h ) in the vertical axis direction 502 and the horizontal 
spective views can be more accurate . Taking the perspective axis direction 504 . Since the image processing module 220 
image 400b as an example , the inaccurate comparison result does not need to record three - dimensional coordinate values 
due to the deformation in curvature of the left and right of all the pixels of each of the perspective images , a memory 
boundaries of the perspective image 400b may be compen - 45 space of the storage device 202 is able to be effectively 
sated by the reference feature points generated in the per - saved . 
spective image 400i and the perspective image 400j . In particular , during unfolding of the cylindrical pan 

Besides , in Step S301 , the operation performed by the orama image 400 into the perspective images 400a to 400h , 
feature extracting module 230 to extract the reference fea - the three - dimensional reference coordinate values of the 
ture points in the perspective images 400a to 400h and the 50 reference pixels in the vertical axis direction 502 are sub 
descriptors of the feature points may adopt an algorithm stantially unchanged during the operation of converting 
using a two - bit string as a descriptor vector , such as Binary between the coordinate systems . As for the reference pixels 
Robust Independent Elementary Features ( BRIEF ) , Ori - on the horizontal axis 504 , only the reference pixels near the 
ented FAST and Rotated BRIEF ( ORB ) , or Binary Robust edges are slightly deformed during the operation of conver 
Invariant Scalable Keypoints ( BRISK ) , etc . , for feature 55 sion between the coordinate systems . In other words , the 
extracting . Specifically , the BRIEF algorithm chooses some reference pixels at the central position 500 of each of the 
pixel pairs within a nearby range of the feature point , and perspective images in the vertical axis direction 502 and the 
compares gay scale values of these pixel pairs to form a horizontal axis direction 504 may be considered as pixels 
two - bit string by combining comparison results , so as to without deformation in curvature . Therefore , the computing 
describe the feature point . In addition , the Hamming Dis - 60 module 240 may infer the three - dimensional coordinate 
tance is adopted to calculate whether the feature descriptors values of the reference feature points of the perspective 
are matched . In view that the feature point obtained by the images extracted by the feature extracting module 230 
BRIEF algorithm lacks rotation invariance and scale invari - through linear interpolation based on the three - dimensional 
ance , and is sensitive to noise , the ORB algorithm improves coordinate values of the pixels without deformation in 
by performing Gaussian blur on the image and generating a 65 curvature . For example , in Step S305 , the computing mod 
scale space so that the feature point exhibits scale invari - ule 240 may calculate the three - dimensional coordinate 
ance . Then , a moment vector computation is performed on values of the reference feature points with respect to the 
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origin 410 based on the three - dimensional reference coor images 400a to 400h recorded by the image processing 
dinate values , and store an indoor map corresponding to the module 220 are obtained based on Formula ( 1 ) to Formula 
indoor environment and formed by three - dimensional coor - ( 3 ) below . 
dinate values of the reference feature points and the descrip 
tors of the reference feature points in the positioning data - 5 
base 250 . Here , the indoor map of the exemplary r . sin ( 22 . 5 * n + B ) Formula ( 1 ' ) 
embodiment of the present invention is formed by the cosß 
feature points having the three - dimensional coordinate val 
ues and the descriptors of the feature points . The three 
dimensional coordinate values of the feature points are 10 of dare in for the perspective images 400a to 400h 
relative coordinate positions with respect to the three - di 
mensional coordinate value of the origin 410 . r . sin ( 45 * n + B ) Formula ( 1 " ) FIG . 6 is a schematic view illustrating calculating three 
dimensional coordinate values of feature points according to cosß 
the three - dimensional reference coordinate values corre - 15 
sponding to the central positions in the perspective images for the perspective images 400i to 400p 
according to an embodiment of the invention . 

Specifically , each reference feature point extracted by the 
feature extracting module 230 from the perspective image r . cos ( 22 . 5 * n + B ) Formula ( 2 ' ) 
belongs to a pixel in the perspective image . Namely , each 20 cosß 
reference feature point corresponds to one ( also referred to 
as feature point pixel ) of the pixels in the perspective image . 
Here , the perspective image 400d obtained by unfolding the for the perspective images 400a to 400h 
panorama image 400 is used as an example again to describe 
how the three - dimensional coordinate value of the feature 25 
point is obtained . Referring to FIG . 6 , assuming that a r . cos ( 45 * n + B ) Formula ( 2 " ) 
feature point pixel 500a in the perspective image 400d is a cosß 
feature point extracted by the feature extracting module 230 , 
the computing module 240 may obtain a reference pixel for the perspective images 400i to 400p 500b ( also referred to as first reference pixel 500b ) corre - 30 
sponding to the feature point pixel 500a in the vertical axis 
direction 502 and a reference pixel 500c ( also referred to as h * | V x2 + y2 | Formula ( 3 ) 
second reference pixel 500c ) corresponding to the feature 
point pixel 500a in the horizontal axis direction 504 , and the 
three - dimensional reference coordinate value of the first 35 
reference pixel 500b and the three - dimensional reference With reference to FIGS . 7A to 7D , detailed descriptions 
coordinate value of the second reference pixel 500c are will be made in the following on how Formula ( 1 ) to 
recorded by the image processing module 220 in Step S303 . Formula ( 3 ) are derived in the present invention . 
Accordingly , the computing module 240 is able to quickly Referring to FIGS . 7A to 7D , a circumference of the 
calculate a three - dimensional coordinate value of the feature 40 cylindrical panorama image 400 is equal to a width of the 
point pixel 500a based on the three - dimensional reference panorama image 400 , and the formula for circumference is 
coordinate value of the first reference pixel 500b and the c = 2 . •r , wherein c represents the circumference of the cylin 
three - dimensional reference coordinate value of the second drical panorama image 400 . Thus , a radiation distance r of 
reference pixel 500c . the cylindrical coordinate ( r , o , h ) may be represented by 

FIG . 7A is a schematic view illustrating a corresponding 45 Formula ( 4 ) in the following . 
relation between the Cylindrical Coordinate System and the 
Cartesian Coordinate System according to an embodiment r = c / 21 Formula ( 4 ) 
of the invention . FIG . 7B is a top view illustrating a Then , in the exemplary embodiment of the present inven 
panorama according to an embodiment of the invention . tion , it is assumed that an arc length of an azimuth angle o 
FIG . 7C is a side view illustrating a panorama according to 50 in the Cylindrical Coordinate System is 1 , and the formula 
an embodiment of the invention . FIG . 7D is a schematic for arc length is l = r : 0 . Thus , the azimuth angle of the 
view illustrating symmetry of a cylindrical coordinate sys - Cylindrical Coordinate System may be represented by For 
tem according to an embodiment of the invention . mula ( 5 ) in the following . 

Referring to FIGS . 7A to 7C , FIG . 7A illustrates a 
O = 1 / r corresponding relation between the Cylindrical Coordinate 55 Formula ( 5 ) 

System and the Cartesian Coordinate System of the pan In particular , due to the symmetrical property of a cylin 
orama image 400 of the exemplary embodiment , and FIGS . der , a value of O may range between - 22 . 5° and 22 . 5° , i . e . , 
7B and 7C are respectively a top view and a side view of the - 22 . 5° < O < 22 . 5° . In the exemplary embodiment , the hori 
panorama image 400 . Here , the panorama image 400a zontal field - of - view of 45° is adopted as the standard for 
obtained by unfolding the panorama image 400 is used as an 60 division to divide the panorama image 400 into eight strip 
example . Also , a cylindrical coordinate ( r , o , h ) on the perspective images 400a to 400h with equal width . There 
panorama image 400 corresponds to a three - dimensional fore , the angle covered by 22 . 5° is a half of each of the strip 
coordinate ( x , y , z ) of the Cartesian Coordinate perspective images . 

System of the perspective image 400a obtained by unfold Then , by taking Formulae ( 4 ) and ( 5 ) into consideration 
ing the panorama image 400 . In Step S303 in the exemplary 65 and calculating a linear proportional relation based on the 
embodiment of the present invention , the three - dimensional standard trigonometric function , calculation may be made 
reference coordinate values of each of the perspective with Formulae ( 1 ) to ( 3 ) to obtain the Cartesian coordinate 
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( x , y , z ) corresponded to the cylindrical coordinate ( r , 0 , h ) for the perspective images 400a to 400h , i . e . , Formula ( 2 ' ) , 
of the panorama image 400 . Specifically , in the exemplary can be derived based on the trigonometric function . 
embodiment , when converting the panorama image 400 into Following the same principle , a formula for 
the perspective image 400a , the image processing module 
220 may sequentially scan pixels on the panorama image 5 
400 corresponding to the perspective image 400a , so as to r . cos ( 45 * n + B ) 
perform coordinate conversion on these pixels . A scanning cosß 

order of the image processing module 220 is from left to 
right and from top to bottom . Since the scanning order is for the perspective images 400i to 400p , i . e . , Formula ( 2 " ) , 
from left to right and from top to bottom , the Cartesian can be derived based on the trigonometric function . 
coordinate ( x , y , z ) is calculated in an order of x , y , and z . Finally , referring to FIG . 7C , based on a linear propor 

Referring to FIG . 7B again , L in FIG . 7B is a distance tional relation between z and h , Formula ( 3 ) for z can be 
from the origin of the coordinate system to the perspective derived . Since 
image 400a when the image processing module 220 scans 15 
the perspective image 400a to an angle ß . Since 

2 - 12 - \ V x2 + y2 | hx | V x2 + y2 | 
hrh 7 = 

cosB = { ; L = COS 20 

X = 

20 so Formula ( 3 ) is derived . 
It should be noted that , in Steps S301 to $ 305 , the indoor Then , Formula ( 6 ) for x as follows can be derived based on map establishing device 200 generates the indoor map in the the trigonometric function . off - line mode , and the indoor map is stored in the position 

25 ing database 250 . Accordingly , positioning calculation of the 
portable electronic device 120 may be achieved by the r . sin ( a + B ) Formula ( 6 ) x = L - sin ( a + ) = cosß portable electronic device 120 itself . Specifically , referring 
to FIG . 3 again , in Step S307 , the portable electronic device 
may determine a three - dimensional coordinate value ( also 

Besides , in the exemplary embodiment , an included angle 30 referred to as three - dimensional target coordinate value ) of 
of the respective perspective images 400a to 400h is 45° , the portable electronic device 120 with respect to the origin 
namely a = 22 . 5º . Therefore , Formula ( 6 ) may be rewritten 410 in the indoor environment based on the indoor map 
into generated in Step S301 to S305 . In other words , a pose of the 

portable electronic device 120 ( i . e . , the three - dimensional 
coordinate value and rotational angle of the portable elec 

r . sin ( 22 . 5 * n + B ) tronic device 120 ) does not need to be calculated by the 
cosß indoor map establishing device 200 at a server end . Besides , 

the indoor map establishing device 200 in the exemplary 
embodiment of the present invention generates the indoor for the perspective images 400a to 400h , thereby obtaining 40 map based on the 360 - degree panorama image obtained Formula ( 1 ' ) . It should be noted that n in Formula ( 1 ) refers through an off - line analysis . Accordingly , compared with to the n ' h perspective image . For example , in the exemplary conventional techniques , such as laser reflection , point cloud embodiment , the image processing module 220 divides the technology , signal strength indicator , Global Positioning panorama image 400 into eight strip perspective images System ( GPS ) , requiring the Internet to establish an indoor / 400a to 400h with the same width . In other words , the Oth 45 outdoor map , the present invention not only saves comput perspective image is the perspective image 400a , the first ing resources for generating the indoor map , but also perspective image is the perspective image 400b . Following increases the accuracy of the indoor map . the same principle , the second to seventh perspective images In the exemplary embodiment , the portable electronic are respectively the perspective images 400C to 400h . device 120 is operated in the on - line mode . Therefore , the Namely , in the exemplary embodiment , n = 0 , 1 , 2 , 3 , 4 , 5 , 6 , sono 2 , 3 , 4 , 2 , 0 , 50 portable electronic device 120 may constantly obtain the 7 . current real - time image , and extract a plurality of feature Similarly , the perspective images 400i to 400p are shift points ( also referred to target feature points ) in the real - time 22 . 5° , thus , Formula ( 6 ) may be rewritten into image and descriptors of the target feature points . It should 
be noted that , for ease of description , the feature points 

55 extracted from the perspective views 400a to 400h obtained r . sin ( 45 * n + B ) by unfolding the panorama image 400 by the indoor map cosß establishing device 200 in the exemplary embodiment of the 
present invention are all referred to as the reference feature 

for the perspective images 400i to 400p , thereby obtaining points , whereas the feature points extracted by the portable 
Formula ( 1 " ) . 60 electronic device 120 from the real - time image are all 

Following the same principle , a formula for referred to as the target feature points . 
Specifically , when the user holds his / her portable elec 

tronic device 120 and intends to enter a specific indoor 
r . cos ( 22 . 5 * n + B ) environment ( e . g . , a convenient store ) , the portable elec 

cosß 65 tronic device 120 may determine the indoor environment 
where the portable electronic device 120 is located through 
the Internet 102 , and download the indoor map correspond 

x = 
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ing to the indoor environment from the indoor map estab - tors of the target feature points smaller than the predeter 
lishing device 200 to the portable electronic device 120 . For mined threshold value into the EPnP formula , and filter out 
example , the portable electronic device 120 may learn which erroneous three - dimensional coordinate values based on the 
convenience store the user currently intends to enter via Ransac algorithm , so as to obtain the three - dimensional 
GPS , so as to download an indoor map of the convenience 5 target coordinate value and the rotational angle of the 
store from the positioning database 250 of the indoor map portable electronic device 120 . 
establishing device 200 at the server end to the portable Based on the above , the exemplary embodiment of the 
electronic device 120 at the user end . present invention may be divided into an operation where 

Then , the portable electronic device 120 may compare the the indoor map establishing device 200 generates the indoor 
descriptors of the reference feature points and the descrip - 10 map in the off - line mode ( also referred to first stage ) and a 
tors of the target feature points , and when a distance value positioning operation performed by the portable electronic 
between the descriptors of the reference feature points and device 120 in the on - line mode ( also referred to a second 
the descriptors of the target feature points smaller than a stage ) . It should be noted that , the technical solution of only 
predetermined threshold value , the portable electronic recording the three - dimensional reference coordinate values 
device 120 may retrieve the three - dimensional coordinate 15 of the reference pixels of the central positions of the per 
values of the reference feature points whose distance value spective images in the vertical axis direction and the hori 
with respect to the descriptors of the target feature points zontal axis direction at the first stage not only saves the 
smaller than the predetermined threshold value from the memory storage of the storage device effectively , but also 
positioning database 250 . For example , by utilizing a char - quickly obtains the three - dimensional coordinate of each 
acteristic of the BRISK algorithm of sampling by surround - 20 feature point in the perspective images from the reference 
ing the feature point with a circular annulus structure , the coordinate values , so as to record the indoor map formed by 
descriptors of the feature points are able to be calculated the three - dimensional coordinates of the feature points in the 
based on a gray - scale difference between two sampling positioning database . Besides , by storing the indoor maps 
points . Besides , a comparison value of sampling points in corresponding to different indoor environments at the first 
the innermost circle has a decisive influence on the similar - 25 stage , the portable electronic device may download only the 
ity between two feature descriptors . Namely , the identifi - indoor map corresponding to the current indoor environment 
ability corresponding to the sampling point comparison for comparison with the real - time image captured by the 
values from the innermost circle to the outermost circle vary portable electronic device at the second stage . Particularly , 
from high to low , and bit values corresponding to the at the second stage , the portable electronic device may 
sampling point comparison values from the innermost circle 30 compare the descriptors between the indoor map and the 
to the outermost circle are sequentially recorded in the real - time image based on the properties of the descriptors of 
descriptors . the feature points , so as to quickly filter out the descriptors 

Accordingly , the comparison between the descriptor of not matching and thereby efficiently and accurately deter 
the reference feature points and the descriptors of the target mine the pose of the portable electronic device ( i . e . , the 
feature points determines the similarity between the descrip - 35 three - dimensional coordinate value and rotational angle of 
tors based on the Hamming distance . More specifically , in the portable electronic device 120 ) . 
the exemplary embodiment , the portable electronic device I n view of the foregoing , the indoor positioning method , 
120 sequentially calculates the Hamming distance between the indoor positioning system , and the indoor map estab 
the descriptors of the reference feature points and the lishing device according to the embodiments of the present 
descriptors of the target feature points from the inner circle 40 invention are capable of analyzing the obtained 360 - degree 
to the outer circle . For example , the portable electronic panorama image and quickly generating the indoor map in 
device 120 proceeds to calculate the similarity between the the off - line mode . Thus , the portable electronic device may 
descriptors of the next circle ( i . e . , the next outer circle of the compare the real - time image captured by the portable elec 
current circle ) only when determining that the Hamming tronic device itself with the indoor map in the on - line mode 
distance of a byte of the current circle of the descriptors is 45 to position the portable electronic device of the user . 
lower than the predetermined threshold value . For example , Besides , the portable electronic device in the embodiments 
when the distance value ( i . e . , Hamming distance ) between of the present invention is able to quickly filter out the 
the byte value of each circle of the descriptors of the descriptors indicating non - matching between the indoor 
reference feature points and the byte value of each circle of map and the real - time image , so as to quickly determine the 
the descriptors of the target feature points smaller than the 50 pose of the portable electronic device . Therefore , the por 
threshold value , the portable electronic device 120 may table electronic device is able to efficiently provide corre 
retrieve the three - dimensional coordinate values of the ref sponding information to the user to bring more convenient 
erence feature points whose distance value with respect to operation experience to the user . 
the descriptors of the target feature points smaller than the It will be apparent to those skilled in the art that various 
threshold value from the positioning database 250 . Alterna - 55 modifications and variations can be made to the structure of 
tively , the portable electronic device 120 may determine that the present invention without departing from the scope or 
the descriptors are not similar and stop the computation on spirit of the present invention . In view of the foregoing , it is 
determining the similarity between the descriptors . intended that the present invention cover modifications and 

Then , the portable electronic device 120 may calculate the variations of this invention provided they fall within the 
three - dimensional target coordinate value and the rotational 60 scope of the following claims and their equivalents . 
angle of the portable electronic device 120 by using the 
three - dimensional coordinate values of the reference feature What is claimed is : 
points retrieved from the positioning database 250 . For 1 . An indoor positioning method , configured to position a 
example , in the exemplary embodiment of the present inven - portable electronic device , the indoor positioning method 
tion , the portable electronic device 120 may substitute the 65 comprising : 
three - dimensional coordinate values of the reference feature converting a panorama image corresponding to an indoor 
points whose Hamming distance with respect to the descrip environment into a plurality of perspective images , and 
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extracting a plurality of reference feature points in the points are smaller than the predetermined threshold 
perspective images and descriptors of the reference value from the positioning database ; and 
feature points ; calculating the three - dimensional target coordinate value 

taking a shooting position of the panorama image as an and a rotational angle of the portable electronic device 
origin and recording a plurality of three - dimensional 5 based on the three - dimensional coordinate values of the 
reference coordinate values corresponding to a central reference feature points retrieved from the positioning 
position of each of the perspective images ; database . 

calculating three - dimensional coordinate values of the 6 . The indoor positioning method as claimed in claim 5 , 
reference feature points base on the three - dimensional wherein determining the three - dimensional target coordinate 

10 value of the portable electronic device in the indoor envi reference coordinate values , and storing the three ronment with respect to the origin is performed in an on - line dimensional coordinate values of the reference feature mode , and the on - line mode is a state with connection to the points and the descriptors of the reference feature Internet , points as an indoor map corresponding to the indoor wherein the step before comparing the descriptors of the 
environment ; and reference feature points and the descriptors of the target 

determining a three - dimensional target coordinate value feature points further comprises : 
of the portable electronic device with respect to the determining the indoor environment of the portable elec 
origin of the indoor map in the indoor environment . tronic device through the Internet , and downloading the 

2 . The indoor positioning method as claimed in claim 1 , indoor map corresponding to the indoor environment to 
wherein the step of taking the shooting position of the 20 the portable electronic device . 
panorama image as the origin and recording the three 7 . An indoor positioning system , comprising : 
dimensional reference coordinate values corresponding to a camera device , configured to shoot a panorama image 
the central position of each of the perspective images corresponding to an indoor environment ; 
comprises : a portable electronic device ; and 

obtaining a plurality of reference pixels of the central 25 an indoor map establishing device , connected to the 
position of each of the perspective images in a vertical camera device , wherein the indoor map establishing 
axis direction and a horizontal axis direction , and device comprises : 
recording three - dimensional coordinate values of the a storage device , storing a positioning database ; and 
reference pixels as the three - dimensional reference a processor , coupled to the storage device , wherein the 
coordinate values . processor is configured to convert the panorama 

3 . The indoor positioning method as claimed in claim 2 , image into a plurality of perspective images and 
wherein each of the reference feature points corresponds to extract a plurality of reference feature points in the 
a feature point pixel in the perspective image , and the step perspective images and descriptors of the reference 
of calculating the three - dimensional coordinate values of the feature points , 
reference feature points base on the three - dimensional ref - 35 wherein the processor is further configured to take a 
erence coordinate values comprises : shooting position of the panorama image as an origin 

obtaining a first reference pixel corresponding to the and record a plurality of three - dimensional reference 
feature point pixel in the vertical axis direction and a coordinate values corresponding to a central position of 
second reference pixel corresponding to the feature each of the perspective images , 
point pixel in the horizontal axis direction ; and 40 wherein the processor is further configured to calculate 

calculating a three - dimensional coordinate value of the three - dimensional coordinate values of the reference 
feature point pixel based on the three - dimensional feature points base on the three - dimensional reference 
reference coordinate value of the first reference pixel coordinate values , and store an indoor map correspond 
and the three - dimensional reference coordinate value ing to the indoor environment and formed by the 
of the second reference pixel . 45 three - dimensional coordinate values of the reference 

4 . The indoor positioning method as claimed in claim 1 , feature points and the descriptors of the reference 
wherein the indoor map is generated in an off - line mode , and feature points in the positioning database , 
the off - line mode is a state without connection to the wherein the portable electronic device is configured to 
Internet . determine a three - dimensional target coordinate value 

5 . The indoor positioning method as claimed in claim 1 , 50 of the portable electronic device with respect to the 
wherein the indoor map is stored in a positioning database , origin of the indoor map in the indoor environment . 
and the step of determining the three - dimensional target 8 . The indoor positioning system as claimed in claim 7 , 
coordinate value of the portable electronic device with wherein the processor is further configured to obtain a 
respect to the origin of the indoor map in the indoor plurality of reference pixels of the central position of each of 
environment comprises : 55 the perspective images in a vertical axis direction and a 

obtaining a real - time image by the portable electronic horizontal axis direction , and record three - dimensional coor 
device , and extracting a plurality of target feature dinate values of the reference pixels as the three - dimen 
points of the real - time image and descriptors of the sional reference coordinate values . 
target feature points ; 9 . The indoor positioning system as claimed in claim 8 , 

comparing the descriptors of the reference feature points 60 wherein each of the reference feature points corresponds to 
and the descriptors of the target feature points , and if a a feature point pixel in the perspective image , and the 
distance value between the descriptors of the reference processor is further configured to obtain a first reference 
feature points and the descriptors of the target feature pixel corresponding to the feature point pixel in the vertical 
points are smaller than a predetermined threshold axis direction and a second reference pixel corresponding to 
value , retrieving the three - dimensional coordinate val - 65 the feature point pixel in the horizontal axis direction , and 
ues of the reference feature points whose distance value wherein the processor is further configured to calculate a 
with respect to the descriptors of the target feature three - dimensional coordinate value of the feature point 
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pixel based on the three - dimensional reference coordi convert the panorama image into a plurality of perspec 
nate value of the first reference pixel and the three tive images ; 
dimensional reference coordinate value of the second take a shooting position of the panorama image as an 
reference pixel . origin and record a plurality of three - dimensional 

10 . The indoor positioning system as claimed in claim 7 , 5 reference coordinate values corresponding to a cen 
wherein the portable electronic device is further configured tral position of each of the perspective images ; 
to obtain a real - time image , and extract a plurality of target extract a plurality of reference feature points in the feature points of the real - time image and descriptors of the perspective images and descriptors of the reference target feature points , feature points ; and wherein the portable electronic device is further config - 10 calculate three - dimensional coordinate values of the ured to determine the indoor environment of the por reference feature points base on the three - dimen table electronic device through the Internet , and down sional reference coordinate values recorded , and load the indoor map corresponding to the indoor store an indoor map corresponding to the indoor environment to the portable electronic device , 

wherein the portable electronic device is further config - 15 environment and formed by the three - dimensional 
ured to compare the descriptors of the reference feature coordinate values of the reference feature points and 
points and the descriptors of the target feature points , the descriptors of the reference feature points in the 
and if a distance value between the descriptors of the positioning database . 
reference feature points and the descriptors of the target 13 . The indoor map establishing device as claimed in 
feature points are smaller than a predetermined thresh - 20 claim 12 , wherein the processor is further configured to 
old value , retrieve the three - dimensional coordinate obtain a plurality of reference pixels of the central position 
values of the reference feature points whose distance of each of the perspective images in a vertical axis direction 
value with respect to the descriptors of the target and a horizontal axis direction , and record three - dimensional 
feature points are smaller than the predetermined coordinate values of the reference pixels as the three 
threshold value from the positioning database , and 25 dimensional reference coordinate values . 

wherein the portable electronic device is further config - 14 . The indoor map establishing device as claimed in 
ured to calculate the three - dimensional target coordi claim 13 , wherein each of the reference feature points 
nate value and a rotational angle of the portable elec corresponds to a feature point pixel in the perspective image , 
tronic device based on the three - dimensional and the processor is further configured to obtain a first coordinate values of the reference feature points 30 reference pixel corresponding to the feature point pixel in retrieved from the positioning database . the vertical axis direction and a second reference pixel 11 . The indoor positioning system as claimed in claim 7 , corresponding to the feature point pixel in the horizontal wherein the processor is operated in an off - line mode and the 

axis direction , and portable electronic device is operated in an on - line mode , 
and the off - line mode is a state without connection to the 35 36 wherein the processor is further configured to calculate a 
Internet , whereas the on - line mode is a state with connection three - dimensional coordinate value of the feature point 
to the Internet . pixel based on the three - dimensional reference coordi 

12 . An indoor map establishing device , comprising : nate value of the first reference pixel and the three 
a storage device , storing a positioning database ; and dimensional reference coordinate value of the second 
a processor , coupled to the storage device , wherein the 40 reference pixel . 

processor is operated in an off - line mode and config 15 . The indoor map establishing device as claimed in 
claim 12 , wherein the off - line mode is a state without ured to : connection to the Internet . receive a panorama image corresponding to an indoor 

environment ; 


