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Abstract
In this paper, we propose a web-based map-driven driving record system that
detects hazardous behaviors during bicycle riding, integrates them with recorded
video footage and location data, visualizes dangerous driving situations, and en-
ables user sharing. Furthermore, we evaluate the effectiveness of the proposed
system.

In recent years, bicycle use has been encouraged from the perspective of reducing
environmental impact and promoting health, and its adoption has been increasing,
particularly in urban areas. However, along with the rise in bicycle usage, traffic
accidents have become a significant issue, and ensuring the safety of cyclists has
emerged as a social concern. Consequently, efforts have been made to collect
traffic data to enhance bicycle safety. Existing data collection methods mainly rely
on interviews with cyclists and accident reports compiled by police officers after
actual traffic incidents. However, information regarding near-miss incidents (where
an accident was narrowly avoided) has not been adequately collected. Although
some attempts have been made to gather such information, these efforts are often
qualitative, subjective, and based on retrospective reports, raising concerns about
data reliability.

One potential method for collecting information on various hazardous situations,
including near-misses, is using in-vehicle dashboard cameras (dashcams). However,
similar data collection using existing bicycle dashcams is challenging primarily
because conventional bicycle dashcams do not possess features akin to automotive
dashcams, such as detecting sudden braking or erratic swerving and recording the
corresponding footage.

Therefore, a system with functionalities similar to automotive dashcams is re-
quired to collect information on near-misses and other dangerous events during
bicycle rides without relying on conventional qualitative data. Previous studies
have demonstrated that sudden braking and erratic swerving are helpful in identi-
fying various hazardous situations, including near-misses and poor road conditions.
Thus, developing a system that captures footage of such behaviors can contribute

to the efficient collection of a wide range of hazard-related data beyond mere



near-misses.

In response to this necessity, this study proposes a bicycle driving record sys-
tem that links hazardous behaviors (e.g., weaving, sudden braking) with video
footage and integrates this data with location information to provide accessible

ride records. The proposed system consists of the following five steps:

1. Data Collection: Sensor data from a smartphone (acceleration, angular ve-

locity, GPS) and video footage from an action camera are recorded.

2. Uploading Sensor Data: Collected data is transmitted to a web application,

where a machine learning model classifies behaviors.

3. CSV File Modification and Video Extraction: The web application generates
a CSV file cross-referenced with the recorded video from the action camera.
The labels in the CSV file are manually corrected, and the corrected data is

used to extract video segments corresponding to hazardous behaviors.

4. Uploading Videos: The extracted videos are uploaded to YouTube and stored

in a viewable format.

5. Map Creation and Sharing: Google My Maps integrates behavior data, video

footage, and location information to visualize data.

The proposed system employs a classification model based on the Random For-
est algorithm, using the following features: mean acceleration on the y-axis, com-
posite mean acceleration, directional change mean, number of positive directional
changes, and negative directional changes. The model classifies behaviors into
five categories: braking, meandering, right, left, and straight. A ten-fold cross-
validation was conducted to evaluate the classification accuracy, achieving an av-
erage accuracy of 92.1%. This result indicates that the proposed model can effec-
tively recognize hazardous behaviors with a certain degree of precision.

An experiment with eight participants was conducted to evaluate the proposed
system’s effectiveness. The quantitative evaluation focused on the classification

accuracy of the trained behavior recognition model embedded in the system. Ad-



ditionally, a qualitative evaluation was performed using the System Usability Scale
(SUS) to assess the proposed system’s usability.

The experimental results revealed that the behavior recognition model accu-
rately classified straight but tended to misclassify meandering, right, and left. No-
tably, differences in handlebar operation among participants may not have been
adequately accounted for in the sensor data and features used for model training,
suggesting that this discrepancy contributed to misclassification. Furthermore,
participants reviewed their generated maps and verified whether the detected be-
haviors were accurately reflected. The verification process confirmed that, except
for two out of eight participants, sudden braking was detected and appropriately
registered on the map. Additionally, meandering was accurately detected and
correctly registered for all participants.

The usability evaluation using SUS revealed an average score of 62.5, indicating
the need for usability improvements. Specifically, the burden of data collection and
editing and the necessity of manually synchronizing the start of data acquisition
between the smartphone and action camera were identified as challenges. Further-
more, free-form comments from participants suggested a demand for automation
in data processing and improvements in system intuitiveness.

In conclusion, the experimental results demonstrated that participants could
utilize the system to integrate detected hazardous behaviors with video footage
and location data, enabling them to provide and share riding information.

As a key contribution, this study introduces a novel approach for recording
and sharing hazardous cycling situations based on objective data. While previous
methods for collecting data on bicycle accidents and near-misses relied on police
reports and subjective user accounts, the proposed system functions as a bicycle-
oriented dashcam, integrating hazardous behaviors with video and location data
to facilitate objective data collection and analysis. This system not only allows
cyclists to review their ride history but also provides a platform for sharing hazard
information with others, contributing to establishing a safer cycling environment.

Nevertheless, several challenges remain in the current system. Notably, the man-

ual correction of labels assigned by the machine learning model is labor-intensive,



and there is no mechanism for automatically synchronizing sensor data acquisition
with video recording. Moreover, enhancing classification accuracy requires data
collection across more diverse environments and the design of additional features.
Future work will focus on automating data collection, developing more accurate
behavior recognition algorithms, and improving the intuitive usability of the pro-

posed system.
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: ‘users in future
e N
* Sudden braking
* Meandering .8 x
driving ¢ ¢
Sensing of driving  Detection of Release as open
\Environment hazardous location data J

X 2.6: A7 L —FZHH L 72fGrRERT Ot [11]

WHNEMTSNZMETHS. £z, /RS [8] H5OWFKIE, BT —XDAEZIL
BLTWE7D, K1.4DFE2RBIME[MTSLNEHETH 5.

2.4 BFEMAEOFEHELIVARAEDAED T

1. MURECSRE IS L2%E, 2. =7 I R0 - 582175 > 27 2B O
7%, 3. FEPRELEE 21T 5 228 2 IEH L7903, WiIh b X 1.4 OFRE DO RRICRE
INTVWBZEeDHLr RS T,

1 OB MR, K 1.4 D 2 RBOAIMEMNITOENE. o DIFFETIE,
ANRHT 2 © OB K, 3P 7 = v AR OB TRIBEORBEITS 12012, M
B —2oIEEDAZHNE LTWS.

2 ORHEIZE D 1 L FARRIC, K14 DE 2RBOAICMEMNITFSLND. BRI
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[E]EEF T H) [o]BE1 THh DY

L

X 2.7: ATETEFA L2 - EEY oM [12]

RETILBLUE 7L =LV =21, =7 IADMHP=7 I 2%5|ZiE 2 THRK
O, SHEHNE LTED, BET—XIRKEFEL TV 5.

3 OB, X 1.4 DHE2RBELIIHE 3SRBOAMENT SN B, T
2T, A7 L —FRMITEITE Wo e ZEE, =7 I 20KREDAL LT, E
BREEOBICDEHTHL L, ZNOOEFETMT 272DDET L
AT ALAERRBRLTWVS. 2L, WINOMEBINET 27 —XiFtr 7 —
RE IR T — X DAIZREZI N TWS.

DEozen»s, M1.40%5H 2 RBLH3REOM G %2 elih3 2H50UI A1+ T
HBHrEZOND. Andrii & [11]1X, NEHHOEEINT—% (ZF) - GPS - B
RY) BHAGOLELZEPEETHS L FRLTWEY, BHFOMRIXZDE
RICEZ STV,

L7230 T, AWETIE, K140, H_RRBLOE=FRO7T—XZ20FEL
72V AT ADFEREHIEY. 20701, HEEHOET), Mg, MEHREZRE
T BELAER S AT LA BIRRT 3.
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___________________________________________________________________________________________________________________

) ETF—ZORE LD F-gT7y7A—F ) #9YA-F7 7 AMEEBEOYY HL
g

1

i

J— n i i
Fovavhrs H--» BB |[---L--a-- T E LT I Fr L —— | BHEL 1
i ﬁ i i . 2.51) L 4

1! l | i : ffmpeg-python*CSVZ 7 4 LD \

E i g i

1

time_range5!| D EFRIIEHR % AL

¥ —-—l—\' | #E 2
1! K " THREBHEOYY HLETS.
! N

|
Phyphox ‘57'& 1 label  elapsed_time lat lon description time_range
1 — ! -
\7_'/7_ ! 1) | meander Omil.2s  36.454021 136.594430 Om11.2s-0m14.4s

i :! brake 3md3s 36453657 136.597750 3m4.35-3m5.9s
/ [F—sm% :; £ ' ; 1 BE
! Bl - EE, AEE, GPS FYHELTHLRMZED | 1 ME%F&ELOoéﬂﬁiént$m
Y F—2ERET . ;. EEREETS. . (labe) DIEEZETT 5.
,:.':.‘:.':.':.'_'.':.'_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'.‘_'.'_'._'."_'.'_‘.','I_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'.'_'._._.;T;TLTLTLTLTLTLTLTLTLTLTLTLTLT;.';T;T;T; LTITIT
|
Y LEBE%, : ! meander
| @ |- \z{)o.utuhe?’\'/ZJl«t-l v7a—F¥ |: -| waEm || brake
;]
¥
4 1
1

-~
-

R - ] B @ -------- Leeto| min |--f |®smm\owamtﬁ'—aows|_‘

fEBIEL7CSVZ 74 L%,
Googlev A2y 7oA vik— ¥
3.

[ez@mr AL T—20%E |

ErRLEhiz&<—h—I,
7 v 78— F L7 YoutubeBhiE 0 Y > 7 #12HAL, V) =2 v 7ER

ARETIX, RIFFETHE L EELHRS AT L0 EL2 RS, BRI AT A
B 11 RT K950, fERARZEE (ITET - 271 —%F) tReMoOr 5 &
bz, MEFRZHEG LETERZRM L, SIRATRER B EiRE R > R
TLTHS. ZOUHDFHNZN 3 1ITRT. WHTREZ, UFD 500 TETH
REN5.

i) ET7— &I

i) 7—&%7v Fa—F

i) X7 >va—F7 7 A VEBEKEHEOYID H L
v) Ul S ZBED 7 v Fa—F
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3.2: W ANA Y

v) ¥ v ERK

T, BEIRATLIE, Av— b7+ YAEOE Y HE, BEZEICED ()R] EE
"7 arh AT, Google~A~vw 7, Youtube Zfif 32 Z & ZHitgx LT
W3,
ZDOYRATLDIE, WERLIE VYT -2 2RI EEET VAT S22
TEZRMT 2AEICBI L TASEITIISE (3, 7) ERIETH 5. Lo L, RS R
7T LTI, SN FH L, ZOFEFLFHELLIBEOMBEMOT TRET S
CEDHRETH B, B, GPST—%2EHT 22T, fMiorohiEH e
MURELER T ~ v 7 LAtk L, BED XA I v I TBRTE 5.

KEf (3.1~3.5) T, FERETETINZNEIZONWT, HEZE-> THHT 5.

3.1 1) EfT7—2DIRE

9, 7TRWEETANA X2 HIEHED N Y FOLN—=IZH D 1T (K13.3), E1TL
RH LB, FEAEE, AEE, GPSHEE - BE) otk v T—XZINET 5.
PELE Y7 —RIEZCSV 77 A e LTIRIFEEN S, T—RIPEET A R
X, A=+ 73V BXET7 72 arh XTI RMHH L. A~v— b7+ V1id Galaxy

14



.

S Galaxy 520+
/;/% i ¥ I PR
. { .

Osmo Action 3

BALE

X 3.3: 7 —RINET A R

S20+, 77 a > HXF1E Osmo Action3' Z W7z, F7z, HERHEIIX 3.2 1T~
TR ANAL ZRMH L. ETRICE, FRIIZ Galaxy S20+ 14 Y A F—L L
7z %7 7Y TPhyphox )2 Z#EEI L, FKHIZT 7> a ¥y h X 7 CTHEDE % B
RS 5.

3.2 II) o9 5—427 707y O—-FK

Rz, ¥ T —=XEND=CSV 774 V% web 7 TV r—>alil7y 7/
O—RF35%. K343CSVIZ7A40D7y 7T u—FRBXY, 77V 7r—a3ic
o TIER SN BEFRRE 2D/ CSV 7 7 A VEZRLTWD. RE, 77
)7 —3a YiEPython D7 L — LY — 27 T 5 streamlit ZHWTHEEL .

7y 7u— BT S5E, v T —XONEDTHON, FH) (label) - #H
RefE (elapsed_time) - #&FE (lat) « #2E (lon) - HHFIMM (description) « 288D
FEAERHE (time_range) &t CSV 7 7 A WHMER I LS.

3.2.1 web7FUsr—3>0BORN
web 7 VU —2aviX, 7y a— RKEN/CSV 7 7 AR L T4EfED
WHZITS. ZOHEITIE, FEETERITINZNHICOWT, EZEB->THAT 5.

https://www.dji.com/jp/osmo-action-3
’https://phyphox.org/
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ReferenceData Generator

Upload Line:

elapsed_t Latitude ( Longitude Descriptictime_range
l meander .Um 26.4s 36.43939 136.5938 Om 26.4s - Om 28.8s
E@ meander Om 32.8s 36.43956 136.5935 Om 32.8s - Om 33.65
Cl brake 0m 39.2s 36.43975 136.5932 0m 39.2s - Om 40.0s
Bl meander Om 41.6s 36.43985 136.5931 Om 41.6s - Om 44.85
6 BlELE 0Om 52.85 36.44024 136.5925 Om 52.8s - Om 53.65
[l meander Om 57.6s 36.44042 136.5922 Om 57.6s - Om 58.4s
1m 12.8s 36.44092 136.5915 1m 12.8s - 1Im 16.0s
1m 24.0s 36.44133 136.5915 1m 24.0s - Im 24.85
r 1m 25.6s 36.44137 136.5916 1m 25.65 - Im 26.4s
1m 36.85 36.44174 136.592 1m 36.8s - Im 38.4s
1m 46.4s 36.44199 136.5922 1m 44.4s - 1m 48.4s

34: CSV 7 74 LD7 vy 7Fr—F

(1) RSAT1 0TI 4 Y RIICEBEIYT—2DMNIE

5, MEET—2BLUARE T —XZIND/E CSV 7 7 4 VIR LT, A
FAT 474 Y RO EREHT 5. WHEORNEXK 3.5 1RT.

MR B K SAEED CSV 7 7 L VENZIUTDOWT, 321T (Row number) Z
CIZFHEE (feature) 3B & OHEEKEH (elapsed_time(s)) ZFtHE L, 11TORME T,
WKEEDHD. ATAT A4V 4 RIZED, XCHORMET ZRE, &7
DIEIET; 1%, —(THIORMEER T, D7 —X 10% W EHI N 5.

F7z, BATORMAET X, FNRHE (v Bio IR - SRCEIIEE - 757
M OZLEDFEE - 32172 L DA MDELEDIEDMHED AR - 32472 2 D 1A

DZCEROAEDEDGE) B X, FElRfHz b D, BH U REEZIT AR
BLEHZTREIT O AEROAN T =22 ElT 5.

BB, RIATAY T4 Y RVICEoT, 7—REMRERIEL2DONPEFL
WO, ¥z, —ODRHBICOZEUIE DT — X B B0 DONLEE LWL DD
DWW T OB IBRUITEE L TV, BT [15] T, 7 — X OEHEHS
%25%, 50%, TShHERELTWAS. iz, [3] TlE, EEEHEZ 50%ICEHE LT
W5, AT R SE I, AR TIE, 7—XOEEEE%Z 50%~75%DHiFAA
WBWT, BIEAICTO%ERE LK. £, [B]ZZFICL, —D2ORMAET I
D&, FRYUINRIIRMEEENS XS ICREL .

(2) PEERICK D EEBDDEE
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<— Row number |

| elapsed-
- time (s)
T1

: 1.65
| T~ 21s
T3 265

X 3.5: AJ17— X DIERGEE

XKz, DS, (1) DM TERE N T =2 7 L — LI LT, =728
EEORFEITS. MR label FNTBIL I NS, ZOFE, [ UZEEHEK L
THEEINIGE, 2oL —ERHEREE L EBIRL, EHidT 2172 —20D
fTICHET 5. F7, timerange 51X Z DZEEN D RAERE BRSNS,
(3) UBBHRT —F LD
RIZ, (2) DT label F13B X U time range FIDEME N2 T =X 7L — L%,
EER G- RE) PN TrT -2 7L —aiiEad 5. NEERZRT
T—=RIL—=LITE, RIAT 427D 4 Y RO, 1TOMEUEIZEH
SNV, ZDRD, 2) DTETERENE T -2 7L —ot, UBHEREZERT
F—X 7L — ADfTEIE—HE T, BMcHEE T3 TERY. 22T, M
TR 7L —2DEITIT L OGN DR L, FEZE R D /NI WITHEL:
PHEEIND X5 L.
(4) BREEB L FEINIITOHE
RRIZ, fafi7eZ#) (brake * meander) ¥ EHINATOADHHL, Z15
ZRAELT—2oDT =X 7L —L%2ENT 5. fEENT =2 7L =241, ref-
erence_data.csv & L CTHX Y >0 — FA[REIZ72 5.
DEDTHZ@ET, 28] (label) - #5EKH (elapsed_time) « & (lat) - £
(Ion) * HHGCIAME (description) - Z2EIDFEAERR (timerange) % & CSV
7 7 ANVHHERENS.
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3.2.2 F7FXV5—= a3 VICHAMAENT-FTILDEH

(1) PR LTERTIETIL

Web 7 7V r— a ald, SR LTHIBEAD 7 Y X L7 + LA+
HBIAENTVDE., FVELTHFLANIT VY INEREITHSETALTHD, A
AUEIZEN 2 WS R E 0. HIBEIREIDEASKIED DT, EX
N2V T—RIZIFZL D/ AXDPEENTVEARENEDDH 5. 2D, i
IZE 3] TlE 7 v X7 4 LA MW BEHER#ET-o72. 22T, AED
FATHIE 3] BB, v I 7 — X 2iEH L HIsEOZEFHERHICIE, 70X A
7 LVAMeHWS.

(2) F5HE - SN

d,(0) =0
(1)
d.(i) = D (w,(i — 1) +w.(d), (i=12...)

T 2RHMHE, 70U, HEARMC 3] 2BELTW3. 7272 LA T,
x B OSGNHETIIR L, yE#IOFIIIEEZERA L. £/, [3] TIXIEMES
N LT, Fik - EE -G EITD 402 ERLTWS. KL TIRIER TN
e LT, straight (IEHE) - right (FGHT) * left (Z£H7T) * meander (ME17) - brake
(ML —%) D52 EHRT 5.

F 72, FEATHRSL [3) T, HMOZ{LEORBIMER 0.49] L 3E L TWSDS, Aif
ZETIX|0.189) ERE L7z, kB, HROZtEOEHRIZNA (1) TERIATY
5. t(s) ity Tr—2HMERHOHREERL TWS. w, (i) &z BOMHEE 2R
L, /ROZELEd, (1) DBRMErad(ZF 7 V) TH 5.

FHIADZLEDRIEZ |0.189] 1ZF%E LB Z I NIchN 3.

X 3.61%, EEROAAOZNBRDIESOEXBE IVEAKFIEEZRLTVWS. b
AT L, F, EEREOHED S, HROZLEX 0 ZHIINS, 2.0 FE
WHFFIRIIE S DOWT W Z AR EINE. ZDZehs, 04+2.0 DHFEAND
% 012 THUE, NV RABED T LIC X o THRET B ) £ XDOKED ZFRET
ZZENAREICR B e EZBNS. ZFIT, ZORSOX25EIC, Ml EE
AU 0189 ICRE LTz, iR 5 203, ZOBMEICHRE LEEIELT7 VXL T7 1L
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A MDD, TAMT—=RIINT ZIEMER (Accuracy) 230.93 ZiZER L. koT, H
E0.189 ZZDEFHHT 5 Iic L.

L7zhoT, N FIVRECERT 2 7 4 ZBRERZ Q) D LS IKERTS. K
MOZE(bE d. (i) 53-0.189 A L 0.189 LI NDIFE, HMOE(LER 0 ICERT 5. =
DUFIC LY, EEGETZ#NE T 2200 METH 2, HHDELE, (1)
PEHT A LD LT

. 0  if —0.189 < d.(i) < 0.189
d (i) = (2)

d.(i) otherwise

Histogram of Direction Change

2000}
m N = 21600
Mean = 0.0359
1750+ Median = 0.0215
L Std Dev = 0.1968
1500} - Min = -0.5313
B Max = 0.6191
>1250 ]
c I
0 — |
S 1000
o
(]
- | |
L 750
500/
250/
° —0.4 —0.2 0.0 0.2 0.4 0.6

Direction Change (rad)
4 3.6: EERDTAOZLE (d.(i) DIEHDE

(3) FBT—AN&E - ETILDEE
ETNDOFENMEHT 57— XD, Phyphox 24 YA b= L7
Galaxy S20+ I X > TiTo 7. ETRFEERK 3.7 DY TH 5. K3.7H, 41XHKH
FEBRNPZ L, BEMCMMMBZ N, —F, 1~3 OREIZLLENEETH D, &
TLRTWVIRETH 5.
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SR 22024 Alrbus, Maxar Technologies, HREIF— & 82024 S5O0m

3.7: FEATERIE

TRV LTERLEZZEHFNCTOWVWT, XD XIIETL, WEMEEL LU
ARE T — X B INE L 7-.
e meander: X 3.7D 1 D EXET L. Aby FUryFE2MFEHL, 170

T, M0 Z & DIEITETEZE 302y MTo 7.

o brake : M3.7D 1D FLEFET LS. A by FTuryF AL, 175/0T,
WMIERZ Il 7L —F L N—%B I UIAABRE T 2 ETEEF 302 Y b
1T-7=.

o right : X 3.7 CT/RLZETHRICBWT, 124—3—=>2ARDIC2ET 2E
7%, dt9t vy MTo7z. EITHORTFE7 7> a > h X T TidsxL 7=,

o left : M 3.7 CRUZETHRICBWT, 122—>3—42EMDIC2ET 3E
7%, §r9+k v MTo7z. right ¥ [EERIC, EfTHOMGEE L -,

FRVDT )T =2 aViFFEHTITo7%. FNVDOEFNI3TAETH Y, 2DOW
AR straight 3 1930 1, meander 23901 {#, brake 23331 1@, right 53299 f#, left
23293 HTH 5.
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ZDEIIZ, FTULOBUIIAFEHBEEL TWB 7, scikit-learn 74 75
® RandomForestClassifier 77 7 ZIZBWT, class_weight »$7 X —& % ‘balanced’
CIEEL, INNVOAEEERL TETLVESEE L.

YET-ZDHRIZ, JIT—&%80%, TAMT—=2%20%t L, ETLD
FENOCTHE T o7z, B, FEHT—XOREBLIETNVDOEEF DD, i
B> — FEIF 42 2 L.

(4) EHERF/ T T )L O

Confusion Matrix in Random Forest

350
g 63 0 0 0 1
300
5 0 46 5 0 0 250
ﬁ 5 200
S g 0 8 8 1
g
= 150
£ 0 0 9 51 0 00
= 50
> 4 2 17 0 358
brake left meander right straight 0

Predicted Labels
X 3.8: 7R T —ZIIHF 2 EEDRETT
TAMF=ZZRWT, TFNAOEENINT 5k EOMAL 21T - 72 MGk
Nk LT, SiHlifEiRs X EETHE V.
%3, IEfER (Accuracy), WHEZ (Precision), I (Recall), F1 227 (F1-

score) DFFHIIFEIRICOWTERZNEH L7 (£3.1). ZOFE, WIhoiEkz
b 0.8 % LA 5 EAF SN
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* 3.1: FiHifEEDO R a7

Accuracy(%) 0.93

Precision(%) Recall(%) Fl-score(%)

brake 0.94 0.98 0.96
left 0.82 0.90 0.86
meander 0.85 0.91 0.88
right 0.86 0.85 0.86
straight 0.99 0.94 0.97

K2, TAMT=RITHT 2ZEZHOESITHZEH U (K3.8). X 3.8 1341
WTRZ v, HEHDIEMRE Z XL %2R L TWA. brake * straight (X EREHE IG5
N7z, —J3T, left lT meander I, meander \IFFIT straight 12, right {X meander
NDOETOFRFERIFE L. LrL, HHSOLBESITINIRAITINGEWE
KRZ2RLTWE D, 2ERNZIERRIEVWEEZEZIONS.

X 51T, BT VO LMREZ G S 2 72 D12 10 B HIRZEMEE 21T o 7MR, 1E
R DIFIMEIZ 0921 £ 2oz, LTehioT, REDIIMT — XI5 2E7 LD
WEEITECTORVWEEZ LN S.

+ exe.mp4 (REFE) HSHIDHENE
EhiF

reference_data.csv

A B G D E F

1 label elapsed_time (m) Latitude (7-) Longitude (-) Description ftime_range

2 meander Om 20.0s 36.45374302 136.5949453 0m 20.0s - Om 21.6s
3 meander Om 36.8s 36.4538006  136.5959001 Om 36.8s - Om 38.4s
4 meander Om 49.6s 36.45385432 136.5965604 Om 49.6s - Om 52.8s
5 meander 1m15.2s 36.45427456  136.5975267 1m 15.2s - 1m 16.0s|
6 meander 1m 24.0s 36.45466488  136.5975228 1m 24.0s - 1m 27.2s|
7 brake 2m 11.2s 36.45482354 136.5953458 2m 9.2s - 2m 13.2s

3.9: EiEooYIh H L
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B Studio Q  FrORIVNTHRR

= D Studio Q FroRATER

F>oRIDI>T>

FroRILOAST>
W

/P
e
B

2m92s2m132s

2m92s2m132s

1m 2405 1m 27 2 S ANV ERBERE
BEUA <& HHUEERYUSUEEE
- test2_0127streamlit_r o SE >
1m 1525 1m 16 0s A
o #m /=@ L FUso—k
= BEUIAMSHIFT D
I Z2CHR

FH5
] 7FUFcoR 0m 49 6s 0m 52 85

APER

Om 36 8s 0m 38 4s

0m 20 0s Om 21 6s

s
s
s H
W 7FUFoR o I 0m 49 65 0m 52 85 o o
il

3.10: 7w ua— K L /-#)H

3.3 III) 4o>O0—R771I)LEE&EEOYIDHL

RIZ, web 7 TV r—2a YHBERLZCSV 7 7 AVBEXUET 7> arh X
DERE U7 EE 2 HEICSR U R 6, CSV 7 7 £ LD label S OIEE/ER 21T
5. BlZIX, BIETIEHALICEEETZ L TVS2DIZH0200567F, CSV 7>
A IVTIE T NIV brake LRl SN TWBIGE, RO FEAE LML, %4
THTHIRRT 5. £/, BIEHTIEHAL2ICITETZ L TOVE2DIZH 0005
3, CSV 7 7 A L TIX T ~ULd brake Lt TN T WA EE, iRl FHEL
HWr L, 7% meander IZIEIEF 5. brake 2% meander IZFRF0% & 117235
FEREDUEZ1TS. F/z, BIEICIBITETCRT7 L —FOER D - ’CL\E)%E:,
description \Z Z DIFMZFEAT 5.

BIE#%, PC Lo ffmpeg-python % AW THELE L 2%, BIE®RD CSV 7 7
AVEB X CREEEZ e LTHEET 5. BEZEETTLL, CSVIZ7 410D
time_range FNZECLEK S TV 2 FEE O FAR M 2512, HEISABTYD HIh
% (X3.9). ZOFEHEIZLD, ERIERWEMRZZEER Y, ZOBHHRFEEL TV
BIRTF AT M T 72, BEsER A4 7L a—&X> 27 A2 HEPANCE
HLTW3
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test_R0127app_android_mod

o

e i .
* LrrEis 42T @ FLra- e _ Om 17.68 0_."-121'65._
. . » S "

¥ reference_data_r_rev.csv

>

-
v T AL L-label

9‘ meander

@ brake

E4AE °.
elapsed_time (m) mi76s
Latitude (%) 36.4537089
Lengitude (1=) 136 5451904 9
Description FAF
time_range 1 17 65 - 0m 21.68
e /s 7 0

X 3.11: fEE L=~ v 7D —4f

3.4 IV) YIbHEhiBEOT7 Yy 7O—-F

iz, 1l O TETY D HEX N 7-8)E %, Youtube F ¥ > FLIZT7 v Fa— R
% (X3.10). SEED HIFLEREERY Y7 2BET 2280 TE, 2OV V7Y
M~y TTERRHICHHINS.

3.5 V) <v1ERK

BRI, TIOTETBIELZCSV 77 A LBXIIVOTETY vy 7ur— KL
FEERFERHL, <~y 72EREZ T 5. HNICIE Google ¥4 = v 72T 3.
Google ¥4 < v 7%, CSV 7 7 A MREEB LUREIZENL TV, ZD7 7
ANBEESY FITALVE—FTEL. 774ADBL v E—FZNBL, vv 7
Fie~—h—rrEoEIhsd. kB, v—h—0FR, ALYZ—FH»HHEH
WHARRARAIRETH S, CVEHDINT~—H—%2 27V v 7T 5L, Youtube
FIE DV > 7 ZHDIATHNR RIS, Youtube F ¥ R T vy Fa— KL=
BEOHEEY V7 ELATZILT, v—F—KHEMEDAETNS (K3.11) .

¥/, E L7~y 3o 2 —F - HFAEETH D, 61, —2D< v S
WAL THEB O - REEITO LD TES.
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3.6 F®

I—P, A= b7 402T7 72 arh X IR 7-HEEETETL, &
VYT RBIUOMGRET -2 Z2INET S, ZLTC, WELET—XZ2HEI AT
LW, T3, Google vy 7 LICZH), MU, (EFRIMAE S NIET
THWOERINS., ZORRBEICKD, 2—FEE 7L —F X 3MITETHRE
L7BROBARR K2, e UTHEBIRNCIRD KD Z LA A[REICIR . F 7,
< T EICER U ETERE, o —FeHETZ I EEETH S.

RETIE, BB AT L DOFHEERB X UOBZEIZOWTHANS.
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F4EF FHERER

4.1 HEREE

PSSR TN

/a

X 4.1: FE

%

RES AT LOEMEEFHGT 2 72DICEREITo 7. kB, REBIICREE
SRR KRR T A4 74 T AREB D 68 GRiB%ES  N06-05
5) #3237 ECEME .

FEBAEZL, BEY AT L OERNFHNE X CEEEHEIZ 1T - 7. & R&AFEH
TlE, Y RT7 LCHAAATEEZTME T VONFEREOFMEE Uz, £/, &

26



HFHMETIX, A7 LD2—HF LY 7 4 % SUS(System Usability Scale) RE [16]
ZHOTHM L7z, 7&d, REBRICIEZ8H (BHTH, 14, FH24.137K)
SL7z. BBREDREIERX, R41DEBVTHS.

REf (4.2, 4.3) T, EREAFHEIS & CEMERIFHEI D777, FRICOWTHRRS.

R 4.1 BEE R

RICEERRD BE¥RE|C REICB%REIC
wWERE Fis 4R HDERE EDHEE FHLTHSDAEAB
sub0l 24 BM: rmzanNg 2y H 1\ 6 A Bl
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Accuracy of Random Forest
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Boxplot of Direction Change
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