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ABSTRACT

Reliable and precise indoor localization is crucial for personal navigation, emergency rescue, and monitoring workers indoors.
To use this technology in different applications, it is important to make it less dependent on infrastructure and to keep the
error as small as possible. Fingerprinting stands out as a popular choice for indoor positioning because it leverages existing
infrastructure and works with just a smartphone. However, its accuracy heavily relies on the quality of that infrastructure.
For instance, having too few access points or beacons can greatly reduce its effectiveness. To reduce dependence on RF
infrastructure, we have developed surface correlation (SC) using accumulated Received Signal Strength Indicator (RSSI)
signals This approach constructs a user mask for radio map comparisons using an accumulated RSSI vector and the trajectory
of the user, which is estimated through PDR. The location with the highest correlation is considered as the user's position after
comparison. Through a simulation, the performance of short RSSI vector-based technology and SC is analyzed, and future
directions for the development of SC are discussed.
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el AnkE o] Mol SIEHA TR AMATL S T4 9lY] thE] IR 4AEol WA 978 Al
Al F1c} 53] AntEZ] 93] AHE= 2L 532 Au]A I 9t (Bahl & Padmanabhan 2000). Fingerprinting 7] &-& A}
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ANLE 2 x18-2}+= Global Navigation Satellite System (GNSS)S £ radio mapJ,]- B W5to] Azl YX|E zh=t} ulA €] 24
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e g T2 Soke AU ol AREAR] YA E #4511 7o 7 % 9% Reference Point (RP)o[IA] Q15 AP Hi= H]Z 9]
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Fig. 1. Overall process of fingerprinting method.
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2. FINGERPRINTING 7|& &%

2.1 7|= Fingerprinting %y

tha=9] =zol|A] fingerprinting ®Holl el AhAlls] o
T glol, B EROHE o5 pekslAR arsknAt Bk,
Fig. 122 AR fingerprinting ¥R o] 3y & AEslaL it
fingerprinting A] AE-S- 1335]7] 9JallA]= HA] radio mapo] AY
AJ=]ojok Flt}. Radio mape oig] 7§ RPEE FA =M, Z} RP
1= 2709 2xo} RSSI 9B S Z1A 3 9lek. 913 24 SAlelA
= A A1 RSSI ¥ E| €} radio mape]] 274 RSSI HEE&
Halod 71 A RIS 714 RPE W) 91712 23,

Fingerprinting A] A8 2] SHA1.S matching algorithmo|t}, F
L fingerprinting #'H-2 A3 da=jEa SEEH ¢
g Eo 2 tdrt. A2 dagE2 A AFHEAL dlol et
radio map&: ThFEH $ALE vl 2SS Ea) lslol, £ He b
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Fig. 2. Comparison of short and long RSSI vector sequences.

Fig. 3. Explanation of the SC concept using an image. SC is similar to
finding the location where a small image matches within a larger image.

Fig. 4. Comparison of traditional fingerprinting radio map and SC radio map. (a) Tabular form of radio map, (b) Proposed radio map for SC.

o1 Holo} 2 RO W AH81e) 1212 of1ck 19

2] A} &&= HHH © 2 = Nearest Neighbor, K-Nearest Nelghbor
(KNN), Weighted K-Nearest Neighbor 59| ¢t} (Shang &
Wang 2022). =5} K9] RP A8l S Hgx 02 z24sto a2 ¢
2| BEEE e At NFEHGITE o L AR
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o, ol We AL 275X/ 5k KNNECH ) A2t 913
A A3E BHojFr} (Brunato & Battiti 2005). EE4 &g
& 9 APO| RSSI &5 #3325 AMgslo] AEAL 91X 9} RP
Atole] 7HsA1S A4k, naive bayes classifier 50| Z-8-Fc}.
&5t deep neural networke]i} convolutional neural network %
9] QIFA W& 283 fingerprinting WY & &iho] A7}
A= 11 9Jt} (Jang & Hong 2018).
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2.2 Mokt Fingerprinting ¥4; Surface Correlation

2 Aol 4] Aoksh whH el Fa S4e ALgRel 913
A5t vhl RSSI e} oAl ole] o] RSSI HEl S 2H83

= Zolt}, o] vHH-E Surface Correlation (SC)o]a} ™ s}19d
—Eﬂ ol& A E RSSTHE|E o]-&5le] 1+ i RSSIHE]S] &
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Ehfjn, © 22 0] F o|u| 2|+ radio map& LERATE SCE AR
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Fig. 5. Integration of PDR and RSSI vector sequence.
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Fig.6. User RSSI surface creation process.
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Fig. 7. Compare the URS with the radio map and consider the location
with the highest similarity as the current user's location.
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Fig. 8. Beacon installation environment for SC localization performance: (a)
First beacon installation setting, (b) Second beacon installation setting, (c)
Third beacon installation setting.
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Fig.9. Proposed radio map for SC. (a) First radio map, (b) Second radio map, (c) Third radio map.

Fig. 10. Generated PDR trajectories for SC localization. (a) First PDR trajectory, (b) Second PDR trajectory, (c) Third PDR trajectory.

Fig. 11. RSSI vector signals of each scenario. (a) RSSI vector signal in the first scenario, (b) RSSI vector signal in the second scenario, (c) RSSI vector signal in the

third scenario.

Table 1. SC performance analysis for each scenario according to radio map settings.

1" PDR trajectory 2"'PDR trajectory 3" PDR trajectory
Mean (m) RMSE (m) Max(m) | Mean(m) RMSE(m) Max(m) | Mean(m) RMSE(m) Max (m)

1" Radio map (4 beacon installed) 4.49 5.28 20.4 5.41 6.40 21.84 4.85 5.64 19.03

2" Radio map (5 beacon installed) ~ 3.75 4.04 7.21 3.72 4.02 6.4 3.70 4.03 8.06

3" Radio map (9 beacon installed) 3.46 3.79 6.40 3.62 3.96 7.2 3.83 4.15 7.81
A vjolojae] BB wizsto] v wigto R SemES UM Fig 13} 2Tk 7 Wl Ee] 441 gl oF 40 mo], u] £k AREAL
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Fig. 12. Error across all epochs for each scenario. (a) SC error for each scenario using the first radio map, (b) SC error for each scenario using the first radio map,

(c) SC error for each scenario using the first radio map.

Fig. 13. CDF for SC error. (a) CDF each scenario using the first radio map, (b) CDF for each scenario using the second radio map, (c) CDF for each scenario using

the third radio map.
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