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ABSTRACT
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today's society. In order to cater to the needs of users by providing them with accurate routes to
their intended destinations, navigation systems rely on the determination of the mobile location
and the destination on the map. At present, the majority of location-based services heavily rely
on navigation systems that utilize the Global Navigation Satellite System (GNSS) for determining

KEYWORDS: the mobile location. However, it is crucial to acknowledge that this method is not applicable in
GNSS indoor environments due to a multitude of limitations. Consequently, in order to overcome these
Image Matching limitations, a plethora of technologies have been developed for indoor positioning, such as Wi-Fi,
Indc?or f’ositioning Bluetooth, Inertial Navigation System (INS), ultrasonics, and acoustic waves. The range of
Navigation applications involved in location-based services varies depending on the position quality

(uncertainty), ranging from prevalent navigation that requires accuracy in the tens of meters to
* Corresponding author precise automatic object location that necessitates centimeter-level accuracy. The focus of this
&) m.shirazian@sru.ac.ir specific study is centered upon the utilization of image-based methods as a novel approach to
@ (+9821) 22970021 address the problem of indoor mobile positioning.

METELHE The implementation of the image-based navigation method presents a series of
challenges that must be comprehensively addressed in order to ensure its accuracy, efficiency, and
cost-effectiveness. Extensive research has been conducted to tackle these challenges, and the aim
of this study is to contribute to the existing knowledge base by delving into the accuracy
requirements of the image-based navigation technique. To achieve this, a meticulous 3D model of
the building was meticulously created, and the position of the image focal point was determined
as the mobile location through the utilization of photography and image matching techniques. It
is important to highlight the fact that this particular technique capitalizes on the widespread
availability of current mobile phones, which are equipped with cameras, thereby rendering it an
incredibly inexpensive, rapid, efficient, and accurate solution for indoor navigation.

m The primary outcome of this study revolves around the assessment of positioning
accuracy using the proposed image-based navigation method. The results obtained from this
research possess significant implications for the design and development of an optimal image-
based navigation system. The numerical analysis showcases an impressive average planimetric
accuracy of 2.5 centimeters, thereby underscoring the efficacy of the proposed method in
achieving precise indoor navigation.

In light of the findings derived from this study, it can be conclusively affirmed that the
proposed image-based navigation method possesses a level of accuracy that fulfills all indoor
navigation requirements. Furthermore, the widespread adoption of smartphones among the
general population ensures that the utilization of this method is highly feasible. The outcomes of
this study strongly bolster the applicability of the image-based navigation method for a myriad of
indoor navigation applications, as well as certain close-range outdoor applications. Thus, it is
evident that this research has paved the way for the implementation of a reliable and efficient
navigation solution in both indoor and outdoor environments.
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Table 3: Check points error
s, Groghea) X jome sllaz (o) Y 5o las Grodheo) ggoms sllas S gla>
Label X error (mm) Y error (mm) Total error (mm) Image error (pixel)
target 12 1.35915 -0.448079 1.43743 0.660 (12)
target 23 2.25752 -1.02472 3.81801 0.937 (22)
target 28 -0.280845 -1.20651 4.019 1.142 (31)
target 67 -1.51188 -3.70051 4.07518 2.179 (11)
target 71 7.61051 -2.1114 8.69516 1.358 (33)
San 3.66683 2.04246 5.00017 1.278
Total
s bl gl ¥ o
Table 4: Control points error
ez Graea) X j92es (sllas Graea) Y joze sl (iedhe) ggome slas =S sla>
Label X error (mm) Y error (mm) Total error (mm) Image error (pixel)
target 1 3.8 48 6.9 1.203 (25)
target 2 0.2 0.9 1.8 1.044 (26)
target 3 15 0.4 1.7 1.238 (18)
target 4 3.4 2.0 49 0.925 (4)
target 5 2.9 0.6 3.1 1.376 (11)
target 6 0.1 3.2 3.3 1.511 (12)
target 7 0.4 2.7 3.4 1.950 (19)
target 8 1.2 0.0 2.7 1.134 (35)
target 9 3.1 0.1 3.2 1.433 (14)
target 14 0.2 13 13 0.785 (11)
target 15 -0.6 -4.7 5.1 0.777 (19)
target 16 1.3 1.7 3.1 0.870 (17)
target 20 -0.9 3.7 4.0 0.776 (20)
target 21 1.2 49 5.1 0.986 (12)
target 22 3.0 49 6.5 0.837(3)
target 24 -5.3 -1.9 6.5 0.789 (7)
target 25 0.0 0.1 2.0 0.696 (11)
target 26 -2.2 -1.1 2.6 1.361(10)
target 27 0.3 0.0 31 0.563 (8)
target 29 1.1 0.5 1.8 0.586 (18)
target 30 0.6 0.6 1.0 1.160 (23)
target 34 2.8 0.6 3.6 0.494 (3)
target 52 3.0 0.5 4.4 0.926 (9)
target 55 3.1 -7.5 9.4 1.134 (4)
target 68 2.3 1.2 2.7 1.489 (29)
target 69 3.1 -2.1 5.7 1.034 (17)
target 72 -6.2 -1.1 6.8 1.423 (12)
target 73 3.2 -5.7 6.6 0.728 (12)
target 74 -2.5 1.1 3.6 0.949 (16)
Eooe 26 2.9 45 1.143

Total
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Fig. 11: Location of seven positioning points on the ground floor
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Fig. 12. The photo taken by the camera from the location of point Q2
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Table 5: Calculation of positioning error

abis X(Model) Y(Model) X(Aligned) Vialigned) Gk Xosme slbs Greha) Y oo sl
Point X error (mm) Y error (mm)

Ql 490.40 518.17 490.37 518.16 2.32 0.64

Q2 490.64 510.14 490.63 510.19 1.25 -5.15

Q3 488.01 503.54 488.03 503.56 -1.67 -2.87

Q4 499.22 514.14 499.21 514.22 1.10 -7.51

Q5 497.05 521.00 497.03 521.00 217 -0.21

Q6 498.87 510.59 498.89 510.60 -1.57 -0.66

Q7 499.02 499.70 499.01 499.74 0.43 -3.71
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Table 6: Comparison of models with different photo sizes

(o5500) JuSy ol o5 () Joe slbas 285 e VY Jland I pusla olasi (SoblSe) S basie o
Pixel size (um) Resolution Accuracy of planimetric model Number of aligned images from 712 Average size of images (MB)
images
0.8 x0.8 6528 x 4896 0.0038 708 (Original) 6.5
0.8 x0.8 1265 x 947 0.0059 696 2
0.8 x0.8 1024 x 512 0.0155 684 1
0.8 x0.8 667 x 500 0.926 363 0.5
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