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BBeep : HITEHEEDEREFRUICEDCKESFTZAHWVE
RREEZFEEDOLOHDOFEREOEZIREY XA T A

I IR BB AR

Jodao Guerreiro® 7RE B4:4

Kris Kitani® ¥%/JIl & & 553

ik TE—2

BE  AZECIHEM LU 2RI B I 2 HREESE L B TEOHMEL RIS 572OD A=Y —AH T 2
7 L—BBeep 2125 T 5. BBeep I3 JAFD 44738 O KON ED FRIFER D S HGHE N Y (H
HEER) LM d saMME PHIL, HETEBEEZR >ZHTHFIIILTELEE2RST. BEF
EEOCBITEP L - OFEETRL - FITEEHED LT, 2PN U THTEHEEHRELRVY
IR EIRALT 2 Z AR S, AMETIHESTOREPRS T X1 I V7 DBV LD HTH
DODRIEDENEFEL, BEZEROS TR IVIDBTEORBIIKESHET LI L2 MHRALE. X
512, AEERZ$ £ 12 BBeep DEHRY) =% F YA L, EEREHNITHERMESR IC X 2R Z
1572225, BBeep 2\ 2 Z & THITH LHET D EBAKBIEBEI NI L 2R L 7=,

1. LI

HREELEVPEIMTARTIBRICEE T 2L L T,
Bl & DEENEIT SND. FTOHTEAFETIIHE
P AT EOMmEICEEHT 5. £ < OHITHIILTERE
BEHEOFHZRRU BB CHRRERICER2HEL78 %
LN, RTCOHTHEVPRREESR OFEZRHLTWD
KT, HlziE, SE A% T 3508, EHhBR
W% MR 3 2 44734, 2ih% LW HENR CHEREHS
DEEERFITHZ TV ARWSITELEEL, HEREES
EZ D& D BT H LHRET HEMMEND 5. FHEES
CIEEYOELE R T 50D Y AT LIFE LRSI N
TWaD, INSDFHEDL IR EFE U 7z [
EMNZEEHLTWAED, ZNS5OFEEZOEEHNT
BITEREOE FEY) ZEIEET 5 Z S I3H L.

Z ZTAMFE T, FEOHTHICH L TELEEEZHW
THEMELZOFEZBMT S22k b, HERES
WHELERED XD IR T A=Y — AR 25 I—BBeep
RIRETS (M), BEEEHVEENETS ZLITkD,
HIIFIR U TV OFELBEML, @2 XD I2[|E
FTIEMNAREE 25, LA LA s, BHICEE S 2 HI
NS Uk D2 8 VAT AL, HTHECI—FDOEEEZR
WMUTH O R DN, FBHERELEEDEABAD ) A XL

FRHKR

HRKEE
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Blind Traveller

Pedestrian

Pedestrian Detection

—_—

>

Suitcase System
(BBeep)

2

Vision-based
Sensing

Collision Prediction

5 sec after
S ©
Clear the Pat

for the Blind Person =:

1: fRE Y AT 1 (BBeep) DMFZEM.

Sound
Notification

5720, FEZEEMEVY AT LIZRS>TULED. Z
D=, BHEZZHSTRIFZARERROMR, 22w
MEREIEEZEVERL LD, I TRFFETIZAEB
DHATENR LS L HET 2EMRMELH 202 HHL, K
FHERET BEREDNDH DROAEEST LIRS T AT A
ERET .

BBeep iFA—Y T —ZIZWOMIFTONZAT VA IR
ZHWT RGB Hifg & 7 7 AMERE TG U, S8 DALED
B, bIvFrS, BORMEOFHZITS. BRI
\Z1% BBeep (%9, RGB Hif%4 5 Convolutional Neural
Network % FIFH U 72t FiE 2 W T8 oMl %
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TV, MR E 7 7 AERE NG T T2 2 L2 & 0847
HOMNBEZIET 5. IRIZHTEDMERHRDZ/LZEITIT
BITFED N Ty F U7 ETFV, SITEOEE OHERE RO
HKALEDFREITD . FRALED FRFERITE DV THAT
FERL—FLHETLERENHE0E,PE2HEL, W&
NEET DEMMEDV D IREOAELEZEST. BEVA
TLERWSZ LT, HaAEEifRL>D, a-¥
BITEDOERZ T 2 Z LD EL R 5.

ARWFFETIE, T—H L1738 OEZE R SR L
TDWSLUAEZTYA VT 572012, SOEEPEST X
A IVIDVRRDEROELR) Y —2HEL, BEHIC
K9 B HTEDHEROL A ZTEL 2. FEHEE»S, (1)
BEERRST I THITHEOREBE A -V T — AP 65E
B HMANZIED I e AlfEL s, (2) EhEE2%
WO XA IVIDHITEORBIZKESSEELZ, (3)
BEZOFEEOBEVVSITEORBIZHET 52 L I3MHER
INpotz, LVWOHIEBFRONEZ, ZThoDHEED
LIz, ZHEOEEAWTHITE L HREEER ICHEOK
MMEAHSEE VAT LETYA VU

X SITAMIETIE, REEIZE\WT BBeep DA EE
B BT EDEERBIZER TH EPEMEET 5720, N
ANOHRFEEEE2FHEE & UTHED, EERZE#N T BBeep
DFEAM SR % 1772 o 7. FEERTIESINE X U T BBeep
EEHURPSEENEBET XA 252, a—FL
BT O/EEEE L 72, FEAHOKER, BBeep % W
52 Ta— Ve HTEIERET DR E KIEIZAT A48
THBHI MR L. £-FEBRSNEDSH, BBeep I
BHEL -BRBENEBETORICEATHS, WD 71—
[NEARRZE Y ST gl

2. BEERE

2.1 HEEEEIES—Ya VI AT A

BREEE O/ E TS 2 HE LT, SREEESE M
FET =Y a VY AT AR I TWS (1], [2], [5], [14].
IS OFHEIL GPS [14) R RFID [5], ¥—a Y [1] &%
AWTHIN B2 81 52— OAEHTE 21T\, FH Pl
RTNAZAEZHWTHIHADEIEZ 2 —FIZRKNT 5.
UL LAAS, ZThsOFEFMN LIz hTunin
BEEY) (MoeR T, SITHERE) IOV TIEFEL THRN
e, A=V IhsDOEEY LEEST DEMEND 5.
A—FRERIBET 5720121%, HIHAOEIEZ 2N
272 T, -V ORE LITFEST EYZY T
VAL DT L, BT 57200 AT LHEETH 5.

2.2 REREEAIESEVERIEZES AT L
BEEEZEDPEEY 2L, BT 57200V -l &
UTEHMDASE R LTWS. L2ALAads, ARidmEE

YaIMNTHAIT 2B EXH D70, JHHOHITEZR
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HETBBITIFE L. AMICRET S Y -1 LT,
L —¥ [10], #HFW (9], [17]), TFAH AT [§], [11] 7% &
EHWCHEEYOME, R, FEEL2S2BRILL, -8
74— KNy I FTBVATLABMEINTNS. LHL
BHRS, INSDFETIEVATFLANPSD T 4 — KN v
ZIUIC, a—YHEDEEY & T 208K % &EHT 50
BWhH 5128, FHEEY ORI L WS —TRIOE
HPKREL L. BHLETFREEEMNL FHET S
BB T, BEYIEE L R VWL RE 2 1 — P IsH
THZENEDETEL RS,

INS DORIRESZRRT 72012, BEEY ZE#T 5/
e HET&EL, 1—PITiRd 2 FE (11, (18], [19] 23
HRINTVWDE, 2—FRFY AT LIRS
TRUIT 572 CHREMZENEST 2 Z e affeeinsd. Z
NEHDY AT LIHRRF L W o ik U 7z EEY) o [0
BIZEHLUTWE D, FABEOSTEIXTRTa— % 056
THENEL, AOSTEL - OEEEERT S Z
CWIZOWTIHIEALTWARWL, LU S, kPR
Wo 2ADIETIE, HE AT HRETEAHTERMOAL
DEEE LTV AR Y, HEBEEZFOFEZGZRELTH
BROBITEDPLEEHEL, SREERILED X D it H
LIRS RN H D, T I TAMETIE, T —FDIE
EABRBAL TWARWALBIZH U CTHBERE S DI & 2
ZAHIENEETHLEER, BEFEHVTA-VOF
EEEANL, AEOAZLICHEREREES T L CEEES
IO IT VAT LEEET .

2.3 FERAVWLESERE

U T HIRBARNE R S ¥ 5 EEG L LR [13)
ATHE 3] mETHHEINTE Y, KHIZHBHORI AN
KOS CIEEY L OEEOERMEL M S E 5 HNT
V= 7ERHINTWS [12]. £ —-7FIBELT,
C—TEDNRITAR (FOES, BX, MEkRY) L2ZIFF
WU 2 RAE, FPREOBBRESHEINTED, €—
TEPSRUDBRAE L AREIL N L — NA 7 OBKREH
BZrHRINTWS (6], [12].
UETRUZESICE =T H - IcB2RNE2H S
BEZODOFEE UTRASHHAINTWS., £ Z TR
KT —TE2EST I TCAMOHTEIZI—FD
BEERHOEDIVATLERET S, I H5ITAMZETIE
I—H L AT E OB LA R R EEEOES L%
PFEL, ERETICEESOBRS LHETY IV L.

3. AMEHIEYBEOHRE

AIFZETIE, FFICSTENS AT HEREICET S
REEEEOBE 2 BT 22 HNE LT, FEDH
THE IR U TEROERIE 2 @M 5 Y AT L2 5T 5.
KRIHTIE, BI7#H & OEZREENEIZ B 1T 2 BifF DR RE
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Pedestrian C Future Position D Sound
Tracking Prediction Emission
Trajectory
o Velocity ;
Current Position [~ | *

Future Positions_ |
(s seconds after)

Emergency Line ° P

5 N ]

J \ J \. J

Suitcase

X 2: LS 25 L OREEEN.

[ PEEY R 8 S A T A ORE R 2R L2 BT, K
WHEATH O MOEREZ I S5 229 5.

3.1 A V9 7z —RADOMER

BEHIZE DIE TR A2 & 512, BEAF O pa Sy o] 0 = 3% o
AT L S N BEEY O E 2 — Y (FREER) O
AZHIOGE D720, -V HYDEREZLHE L CREY%
S 2 RELH B [11], [18]. TN 5 DFIRIIN KB 72
C ik U 7z Y & M 2 BICIZ AR 72AY, SO AT
HrOEEEET HEICIE, (1) BEEELLHITH THE
LNTVEGEIZA—FINEET DK ZHERT D M
TER\W, 2) AICGFEET 22 TOSTEDEHRE L —
P27 = RN 233 a—VHOAHENPAEL RS,
WO MDD, Ruiihie CORM L R EB
oI, YATLADSRSNDFHHOEHRIZIEDNT
A—FHEPBTEREET 52 AT LIERIRKTIZ AR,

3.2 BILLZ2ABANDEEIYRAT LA

Z 2 CAMSETIIEEDO BB 2 2 — 721 Tl < FEH
DHBTHEICHBINT B Z LT, AMOHTHICHLTa—
PORKEMRT 2L T VAT LEZRET S, K
BEVATF LTI, YATAIRY T 5NEZAY—An
CEEERZRSTI LT, AHOSHITHITH L THEHEDA
Ml A @S 5. FEAVWTEEOLEREZBS TVATF
L, e ERe T o KE, THNZHET 20Ky
PR BE L ERLINTWS., iz, BEEZHWE
MEFS>Z2IZLD, 2—VOEFEEHRL TWRWAT
HHEAIFZLTVWBRARI-—FIZE 2T TREEL
TWVWAABRE) TN U THEEDfEREZMSES Z LA
"WREE B,

3.3 BERHVWLESEYRTLDRE

UL LAans, BMIcESEST 2RSS LiiTsZ e
X, AEOHITHEIZA-—YVOGFEZRBLTELRADIN
H, AMOEEZELTCLEY, 2ZAWIMETT S &
WOBENH B, TO, BEHEES TREE AR
BROMIZ, BDERFOMIBELESEEST I ENEETDH
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5. & ZTAWME TR L47H & OEE O fEMIE % H
HU, BEOERMEHEN X Nz DAEEE 2S5 3
A5 5-BBeep HEET 5. ZhIZk vt E MRS
DD, POV HTEOEEDOERMEEES T2
AR LS.

4. BBeep D%

BBeep iZB A EEVATLAOMERZX 2 IZRT.
BBeep ZF T A=Y —AIZHW O T 5N AT LA A
75 RGB Hifke 7 S AEWMERGT 5. AT L AR
SEA=YIT—AZEET LI 2L, BIE0 T LA
BWTF—XEHNET S ENAEEIZ2 5. KIZ BBeep I
RGB WA 5 5475 O 247\ (2 2(A)), HHEER
T T AEHEACTHITEOMNBRH LT N T v F U0 %
15 (K2(B)). 512, MIv XU IEREICICHITED
TRALEZ FHIL (K 2(0)), HfTEIFLI—TFLEET 2
kA I NI EEE 215 S T (X 2(D)).

4.1 HITEORE

BBeep 1% £ 9, Convolutional Neural Network % JH\»
I HIFERETFIELE AT UANA T 2HMAGLESL Z
TA—YORESTHIANFIET B H17E D ZIRFTALE % L
595, KHZ BBeep X, AT LA H AT & LT ZED™K
Stereo Camera *! (7 7 AMEHHUS 1 GEFEAE: 0.3-20 m, K
PAREF: 90 FE, FPS: f0k 100 Hz) %, RGB Hif§h: 5 D4
fFFMIEIZIE YOLOvV2 [15] 29 %. YOLOv2 T 5
NEHBIFHEOND VT 2 v TRy 7 ADHuhE, ZED 5
BoNETFTANERENIGDT B Z LIZ& > THIFHED A
T VA ARAZITNT 2 =R EZ ST 5. D,
AT E OMMAEZ & 0 EREICEET 572012, ZED »
SFoNd ZWonA R A MY EHZE AW CHENNALE % fifi1E
U, ZED OE§EIZ X 2 Z2H 0 R<. ZED & YOLOv2
EHAGLEDLZLIZED, ATDS 10m EEHN/
REIZ WS BT HEERIETTREE 5. £72, YOLOvV2 % /1
W3 Z & THEREEN T A ST 5> TWIARWAITH & HERY
ONZA MIMHT B Z 2 ahEe 5.

*1 https://www.stereolabs.com /zed/
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72, NYIORRALE Z SHEICTFHT 5720121, &S0
FPS CAMINEZMHETAZ e EEL RS, LirLay
5, RWgECHHALZZ Y 7 v 7 (Intel Core i7-7700HQ
CPU, NVIDIA GeForce GTX 1060 GPU) Tl%, YOLOv2
BET7 L —LETURE, 15FPSEE LUMHERT 2 Z &
T&RDo7z. £TZTBBeep TlE, VAT LDAA 71
AL YOLOvV2 Z[KFZHIA Ly RTEA»L, YOLOv2
NOoF BT EREMEREVPEONS £ T, BFrOH4T
FHERE 7T T AEREWSIG DT B Z & THITEDA
BEEREENRT S, WO FEEHEMATS. ZTE0H
40FPS THATE DM BEEREZIGT 2 Z L2 ngEe 2 5.

4.2 HTEOINSYFVY
RIZ BBeep 1317 H M E DM AR 2 FH U THTH

DTV F VT RITD. RIFFETIEY TIVE A LITHLT

FDONTF VT ETIRZODTNITY X LBEHEL .

BBeep I3MA FIZRT FIEIZE > THIFED NI v F 7%

1795 :

(1) 41 TELNIZZNTNOHTEDOAE (BT « BIEA
E) I UTUTD (2) & (3) 2 0iKTZ 2T, b
FZvFVITHhOHEFEDYV AN (MUTF: v IvF s
DAR) 2EHT S

(2) BUERLE D S BERE o DANIZALE S 2547 H R 7 v ¥
VIV A MI=ABEENLRCEE, EHEACH L
B URBGEEUTHEMEZ F Iy F ) X b
IZA 5.

(3) BUERLE D S Bl o INICRIE T 2 BT EHR 5 v
FUTVANIEENEGE, PIvFUTY AN
BENDSGHITEHEON, BUEAED? S RE T ITAET
BT E DB RE BEMEICER T 5. BHd5
B, SEETHTOALE N EIT AT E OB BIERE & U TIRE
5.

(4) b v FUTVANMIEINZBHHEDON, 71—
LG U CEPER SN 2B TFH I N T v F
YI)ANPSHIRT S.

BBeep Tlda=1m, =57V —LEFEELL.

4.3 HITEOERMBE TR & ERHE

RIZBBeep i b7y F U7V A MNIEENETNTN
DOHITHEDIRNEE FRT 5. BIRIZIE, by Fy
THHZEGF U727 A Z 2T 2 MEEBEN -1 7
V=20 OBEIEE»S, UTIRTRNEHWT s PED
HBATEDALE Py, ZHET B

pu(i,n) = P; (1)

n+1

1
n .
j=i-n
Cn ) 5
At(ptf%vpt TN)

S+ Pt (2)
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Emergency Line

-
0.7m 2.4m

3: AEFERORET

ERIZAWT, py Bt 128132 BT5ED A S IZ0T
BHNALE, p,(i,n) Z#EE R 7V =L (Picny1 25 p;
¥ T) OFEENE, At(pe, pi) (& pe 7O p; £ TORENE
M%77°9. BBeep 3T, ZDODOFHME (N -17L—
LHINS N/2 7V —LRIET, N/2—1 7L =L 68
ET7V—LET) ZRkDB (N 1), IRITZDDFEENLEDN
SHBITHEDARTITRHT HHEENS FIVEFEL, s
W OFRAE % HHIT 5 (X 2). BBeep TIE N =32 &
BE LT,

HH NN EE S L IR0 EE a2 7l
U, BEZ 2o T 50T 5 (M2 H2K). B
{RHIZ 1% BBeep (& £ 3, BIEMLE L s PEDOFRME %
il A T2 B 2 AT H DR L 5. T o1, 2
WWRT &2, 2—VFLDHEEDHEBRMEH 5K L LT
“Pmergency Line” ZE#H L, $0FEHK £ Emergency Line
NRAET DG EIIEEORHERIEDH 2 Ll L CEE S %
59, OB, AKEER EIZEST 55475 O ED
AERL, HITEOHRESFADOMEITHERE LR\,

5 ZEEOTHYA YV

AREFFE T, —Y &4 A7H O n I ) H 7 5
BOES U2 TYA U501, Mirk g —r ik
FH T BT HEORKINEFALEL 2. BENEOE TR
«t;v 12, LS EBWZBIZ AN L B BARE PRk
FEIZDOWTIEMEI N TWB A (6], [12], EEHITAT S
HATE ORISR RIEDEAIZ DO WTIHHAENE SN T WA
W, I TARIFETIE, HRERAxR— v DELEEEZIGST
VAFLERBLULORWERICES, BESE2ES SN
BT HORBEOE LA FE L 72 (X 3). S SICHE~RE
FAWTHITH &L ORI R AN RESEEORS UL
(BERY v —) 2#%EHL, BBeep ICEH L. AHTIX
A HEGG U 72 B G N R =, AR, PN, &
B, ZUTHRZICIZITYA Y ULAEEER) Y —2o20T
FEL RS,

5.1 LREEOZESE/NY—2DEHE
SEIOFHETIIERIZMERAT2EBEZ2—-2 LT, &%
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£ 1 EBRTHBLEZEE A Z—.

HE He 57 g
v s B ORI BEYE

R e Ex i@

S1 N 5.0s
= 1000 Hz 0.1s O0.1s

S2 25s

S3 5.0s
i 400Hz 0.1s O0.1s

S4 2.5s

S5 5.0 s
1% 400 Hz 0.5s 0.5s

S6 2.5s

S7 BLEEE YIRS TR = N/A

— IG5 XWX — > (ST) 2GR EEEOE L X —
vEMEUT.
HTOMEEEZ =MHE, Y- E2RoT XA IV TR
HEL, Thoz2illaabEsd 2 e TAMBEDEELE SR —
> (S1-S6) Z HE L 7=.
51.1 =BEOE—TH

SRIOFHETIIRRI2BEAEZ2FE > =FHOL - 7E
EHABLULZ. BEEEQOETRRZL DI —=TEFDNRT
AR L EFIEL LR EOBBRIEICOVWTIIZ O
HTRINTWS [6], [12]. ZNS5DORREZTITEDES,
EX, BXUMEE2EZ2 52 TEBBORAE (&, h,
&) K- —-7F2 AR L (R ).
51.2 BEBEBLTIM1IVT

BBeep I3 DHAATHE D s BBRIZ B IR EIZHD
SHELBES T2, NTAX s 2B EEILITX
D, BBeep WELEZ 2O TRAIVIE2ERDBIENT
XD, ZONRIARsHE VAT LETYA VT HBICER
WERED, 2 s <1 &EE LGS, BBeep 134
THEVBA—PFLHETIEFETHEEZRS I W, #&
THEBA—Y e HmET 2amENPE< 5. —Ff, s=o00
LRE UGS, BBeep IBHBICELEZEZERSLTLUED
72, RBEIZJEFEOBRE 2B, 2B EMERLTL
5. ARBIFETIE s & UCT DM (51 = 5.0, 53 =2.5)
EFEL, MAEEITHR o7z (£ 1). BBeep 13 10 m BN
7o #47E ECTHRINATRETH 0, Bk 5 EOERE E T
ARE (2 —Y & Hf7E DY dkm/h THWZESE T 254621
E)THDI b, 51 =50 &EL, sy DLEHTDOEL
LT sy =25 EELT.

5.2 AEAE

FAEZTOCH7ZD, RLIRUALHEOESE X —

v (S1-S7) 2Ffo -V AT L% FEEL, RELDOR\VE
RHELZ (K3). YAT AFEEEOEE XX -V %2]H
FBIEFHIEDD, HOYToNZEERX-IZE-T
HREOEMREDD 2HTHICH LU CELEEE2RST. HE
FIUHFD T T, EEENX— iz SEEfabitz
MAIU 72 57 N9 (A5 399 N43) DT — X Z2IEL 7=,
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INEUT =205 B7E50MEEZIEL, ThETho
BERRX—VUPSTEORBIZED LS ke r 5 X7
oMUz, 2O, X0IEMHIZAYMOMNEZIET 57
&, YOLOv2 Db 0 i D N EBHETFIETH S
OpenPose [4] Z HWTHE T L — L A\l 217-7-. 5
[ X OpenPose T& 5 17z A DIED A & SR TRidk L
2T T AERENRI DI LT, 7V —LT LAY
DEZIRMEEZ R Uz, BITHEONNT VT4 TRy o
AZMHT 5 YOLOvV2 £ 572D, OpenPose & ANPIDEFIE
IEHECTHREFRETH 5728, X 0 EHEIC AYINLE % B
THILEHAHEE B,

5.3 FHERE
BITHEORKEE DT HI2H 72 0 AHETIX, BHTED
r%x W —ZED W E DR A R
, BEENRZ - VRITHIRU 72, ELEREA K
fém%ﬂt/\a— VIEE P& D BRI & SRR
BEERNR—V LD, KT, BESLEHIT (1) ZE
LHEOEM, 2)EEEELRST XA IVIDEY, (3)
LHEHFIZBITI2RAEDED, OMEEZITILZL VNI =ZDD
Wﬂ%if,7/'$4/F~~@U@i\7U~P7V
BE. 955X A % F W CTHRREE L 7=.

I mi

5.4 &R

FEENZ— 2 T L ORESEIEMEO Y KO 95%EHIX
2R 4 1TR U7 BEEE22ES XRVSR—1 (ST)
D LTI O AN T WEER 2 WS AR S Tz,
Er, ¥V Ry h=—D URE (BEAYE : 5%) 2 H
WT, ST X EEERIES T /8% — (S1-S6) 2 ZNEh
Rz 25, BEEZKLTRTONAX - ST O/
CHBEAEPHERI NIz, TS DFEED SR 1 IFERIR
N, BLEEZRST I THITHEORKERA Y —Ah
SRI DD HHANEARETH D Z L RS vz, IRIT
IREE 2 ZMRGET B 7212, EHZED 5 AT & 2K S &L
NR =2 (S1, S3, KUSh) LEZED 2.5 BENCE 205
TEENR - (82, S4, KU S6) DEEHIEE#E, <> -
RA Y h=—0 URE (AEKE : 5%) & 95%EHIK M %
HOWTHBK U7, MEDRR, BEE2K6TX1IVT
MWEREDZEENX—VORICERAZHRAL, BEE2E
5T RA I VT EBITHEDERIZKEL ﬂf%a‘é Z LA
mnI N,

—Ji, BEEEREST XA IV IEAUEIEL S OR
BENEIRDEBE NI —V (s =5 DX —>: S1, S3, &
'S5, s =250/ —2: 82, S4, RUS6)IZHVWTT
U — R UBE (BRKE : 5%) & W Cidar s % 1
ULz Z A, AREEIMERINT, K3 IEFEMI .

FAERERPSBONZARZFICE LD S,

o WMETFHIZESVWTEELEELIKS T I L THITHEDOR
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Minimal Distance (m)
1.8 p =0.001**

15wl
12
0.9
0.6
03

00 (s1) (53) (55)

5.0 seconds

(52) (54)(S6)  (57)

2.5 seconds Without Sounds
High Il Middle Il Low
B3 BT O S LU 5% EHX
M. p: BESEHEEHZHLTYY - A1y h=—D URERTHR -7
BUziF o nrz p i (x+ & * ZZTNTNAEREKIEED 0.001 & 0.03 D
RHZAEEVR S NEREZRT).

Urgency Level:
4 BEBERR—VIZ

BrEA—Y T —ADSRINDE [EANEZ D &H 0
CERRAR

o EILEZIESTRA I VI HEHTEDORKIZHESE
B2 2.5 Rl & D £z @5@%L%%ﬁ%%b?
FiDMEZEEEIZ IR TH 5.

o BHTIIBIIDRAEDENVAITHEORKICHES

5 Z LRI NI o Tz,

5.5 ZBERK)I—DFTHA Y
ETEeOMRICEDE, UTFNIIRT ZEBEOZE
EERSTEER)Y—%2TY 1 U7 (B5).
(1) B—BEOELES : -V L HITHDEELN 5 LA
IR Z B REMED D BIFIZIR S I 2 EE S, BEN
R —> S5 k(¥ S6 THWEET (BAKE  K) 2
AU, Y OBTH I L CTHRERESR VP ESEZ
EHESITETHWTHWS
(2) BoRBEOEES « 2 —F 2 BT HOELED 2.5 L
WIZRZ 2RV H HFICIRS SN —TE., &
R =2 83 KU S4 THW- B4 (BAE ) 2
AU, A OSTHE I LU CHREREE P ESE
ZELEOIETHHNTHWS
(3) B=EREOEELESE : 22— 5 T0cm LAN O PR
B (B5H, P, BERY) PEETIHAICKS X
N3ELEYE. Y —TE LI EEORLRLRVDF
EEHA L., 2 —DEEZ LT 5 720 O R EE
EUTHWS
—RNCBEEORE WY - TE 2BV, HEFEE
WAPER KL S Z EARINTWEY [6], [12], AW
T o RETIEFTOREEDE T & 2 HITE~NDRE
W ISR TE o7, £ I T BBeep TIEfE THHA
LEZEHOY—750N, L0 RIUEDDRVWEL LT
BAEMNMEDFEEOY - T ERHHT 5. EEOE %
AWwsZ&izkb, a—VIZAL OBTHENELEFIZLED
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D Low Urgency Sound M Middle Urgency Sound @ Stop Sound

I 2.5 seconds
5.0 seconds

B 5 FERERDPS T A Y UAEBEERY v—.

F 20 FMBINEH T — & (FEEICHEHL TV HTREY —L).

shE MR ER S SEXEY -
P1 a0 2E HAL
P2 e 0 RE HL
P3 B 65 25 HAL
P4 B 46  AF  HERF A
P5 B 42 £F HERS BM
P6 BM 58 A2FH S5

PTICEE LB TWA R E S 2T 5 Z 3T HEL
5. AT, BBeep F A=Y —AD 5 70cm PANIZ &
EYERRUZRIIE=ZBEBOEES L L TRLVDE R
I—PIZANTTR S . FRREESZNRE U725l R
EITOBUTEMBINF I LT, FoBEOEEST N
7ZBRITESICIEE S LS IZHR L.

6. FHM=EER

BBeep WM R & AT O 2[RI A R0 ) <
NEFET D720, RFETIE6 AOHERES (£2) %
FEESME L UTHED, FEERZEHET BBeep DIl H %
To7-. BBeep FHRBEEFIZOAEF 71— KN\v 7%
B2 2BEFLRLITERY, AMOSTHIINUTEESE

HEKST I LT, HRRESRICLEERZRLT5.
Z ZCIHiEBRTIX, ZDDR=AFA VY AT L (2
POMIBEELEZIBSTVRAT L, BES22BS XA
WY AT L) ZHEL, TIN5 L BBeep 2 TSI & T
BBeep OF HM: % MGEE L 7=.

6.1 AVF414v3av

ERCIIUATO=ZFEHEDOREL LA VR Tz — A% o7z

VAT LEHARL, ThoZIKRTAHZ LT BBeep DA

FAME % MGE U 72

AE—HA4V4971x—X (BBeep): 55 TTHA1 LT
BERY) Y-t -> TEET 22— (HRREEE) &
JABEOBIFHFIZAITTRS TV AT L, BEFIIA—
VIr—2ZIZWMOMIFonNzA—AZ2@BLTES X
nas.

~Ny REYy M Y9Tz—R: BBeep EHUELHKY
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VI TEESE -V ORZIE ST, FEO
HIFHFIZFUTIRBS I RWNWA VX 7 o — A, BhEE
WA= DOROLYIZEEBEE~AY P2y bE2HWT
A—FIZDAES TN,
BEZLQRLIVYTI—R:
VRTL—2A,
F BRI, BEEEZRST SO ATRONSEHOD
HATHE OALE G ORERALE P IR R 2 ek L, ERE
DANHAHAL 7.

BEGeaRS IRV A

6.2 ERIRY
EBTIISmFIINLT, FFETAME, FFETY AT
LEMHAU P SZEENERTIT 22 A7 %5272 (IX16).
BHEid2a 00— b LT, BRES— M2EGET20mIZE
DEINHBEMDV— M 2FHL, RICHERLZFORE
THIPEEINT WS XS RBEMEL 727 — N2 ZIR U 7=,

6.3 EERFIR

FERTIZETHDIZ, FROMERT=ZFEDO 1 > &
Tz —AIZDWTHA L, IRIZBIEPNEER) V—RK
CENFNDA VR T 2 —AZDWTHENS-HIZ, VA
FLAEEBIHEHTSE N —=v Ty a v E 1090
515 NREfT o7, AV—I1 VX Tz —A%MHTS
BEDEEEDREIRZETOR AT ROSMEIZH LT
EE L7, ~v REey b Y27 c—2A%2MHT EED
BLEEOREIIEBINEOHAIEGOLETHELEZ. £
72, b=l vy arTid, HEFHEZRZEI RS
7-DIZHRBERL A=Y —ADAE % 21— FOHETFTHME
EbEBEDITHEL .

WIZSINFE, YATLEFEALULRRSERDOIL— %
BEITE XA %5500 (A=A VYR T z—A: —
B, "y Rty v VX7 z—R: 0], BEZRLA YV
BTz —RA%u—[H)fio7z. TNENDA VR Tz —AD
HHETIESNE T8I 5 Vv B LGER UK. £330
EYR—PFT B0, ZAT7%2F5MIE— ANDEERED
ZMEOEHEH VD (K6), EHEOBLHRAZELIE S 72
B, &L IBEBMEDL — b5 KE S ANFFERA TS
MBI U TR — M3 fThR o7z, EHICEERPILAE
FDOHTHEDMIGEGLERT 57280, A=Y —AD Lz
GoPro ZH( 0 47, W riT-7-.

6.4 FHMERE

6.4.1 BFHEABEEBETFAAK
I—FREFDHITE L ROPBERENENIZE D >
Teh % ERFTUM S 572012, KA TS AT L5 70cm

DA DFEISUTAR A U 72 5478 D ANE % “ERAE & E %
U, YAT L0 NN ERBFEREZHWTHRAZ. £z,

ERDERE % Ff - 7251785 O ANBUE “ERTFRIALB &
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Blind Participant

X 6: fRBEEFIZ & DEHETD Y AT LR,

EF/L, YATLNSBUNICEHZET AN B &
FHIU 7257 5D AN E B 2. RERCIEI=EEHD 1 > X
Tz —AIZHLUT, 2SO0 MNEDEY, 2,
B 5% EMEX & FHR U7z (% 3). X 5ICBELELZIES
ToODA VR T —A (A= AA VR T z—ALAY
Ry "M YR T z—R) %Y 102 v ORFSIENR
E (BEKAE  1%) Z AW THERL 7-.
6.4.2 fEZREE

5T, MENBEEHEEFUACE > 72EE LT, “F
2R ZEHR L. TNITEROGERIEZRE X Wi BT
HOW, EBICHEZET SFFpiEFTca—FeErLTLE-
BRTHEDOEGERT. HERINNIWVIFE, VAT LN
HBITHELEDER) A7 2 PO TERICENZ -7 ER 5.
B D — D DFMN L & FIRkIZ, EZERIIH L TH 95%(F
HXME s vas Yy ORFEEMARE (BREKE : 1%)
ZHWCHHii 217 - 7=.
6.4.3 ¥ RT LDOEEHLM
EBTDRATPIET Uzth, EBSIFIZThThoA
VAT z— AT S EBEHMN T v — M ERTo7z. K4
WZRULEEFNEFNOERMTIZR L, HET27E5»%k
BEOV Yy - MRE (2<ABRLAEVWEE%2 1, #<H
BT 2456%7) CRIETBHTEE L. £-23MF
HUTI00BEDS VA 2a—2T, THULEFIADAL >V
X7 z—ADFR, R, WEE, RUCEEBEUNOED X
SIIGHEHTY AT LAZMHHLZWHAZHEL 7-.

6.5 ER
6.5.1 TEEFTMER

£ 32O DM E DY K 95%E X M % 7= L
2. U3l VOBEIEMNBREEHVTAY —H 1 v
RTz—Al~NYy Ry b VR Tz —ADIIKEIT > 7=
LA, METHABIZEL TRERAPEIS Nah -
7208 (p=0.8), HEABUZBVWTIFAE =AY R T z—
ADFHDR~NY Rty b v X7 2 —2A L0 L EBITEEAN
BOMEP/NI N (p=0.005) EWHFERNF LN, 35
2, EREBIZBWTHAKDOFHRLE SN (p=0.009), A
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# 3: Bl REIZ AT B LR,
122 I 1B 22 A IsE

AV RTz—A | FHROERERE  OSREMEXE | FHROERERE 5% EHRM | FHROERERE  95%SHEX

A —H 6.67 + 3.75 4.55~8.79 0.41+0.76 0.00-0.85 0.08 +0.19 0.00-0.19
Ay Rty h 5.91 + 2.25 4.64-7.19 2.00 £+ 1.35 1.23-2.76 0.37+0.25 0.22-0.51
WL 6.67 £ 2.05 5.03-8.30 3.00 + 1.85 1.52-4.48 0.45 +0.21 0.28-0.63

#4: 7 — bEH KR,

No. | HEMHEHE PlL P2 P3 P4 P5 P6 | V¥ EEHEREE  hifE
Q AE—hA V9 Tz —REFEA LR, AEOHTENEDICEEZE > TNz, 4 6 7 7 5 4 5.5 1.26 5.5
ANy Ry MM Y9 72— %@ERALEE, AMOSKTENASICEEZ#E TN | 4 3 2 3 4 4 | 3.33 0.75 3.5
Q2 AE—HA VY Tz—RERAVS I & TEBNZIGEICBEIT S Z e TE . 7 4 5 6 6 5 5.5 0.96 5.5
ANy REY M YITI—REAVSD I & TEBNEIGEICBEIT S Z A TE . 7 4 3 6 6 6 | 5.33 1.37 6
s RAE—=HA VI T —REAIAICHTERDE D WVRVWERETHEMATH 5. 5 2 6 6 6 4 | 4.83 1.46 5.5
ANY REY MUY T z—REFEFIZHTERDE D VRVERETOHATH . 5 2 4 5 6 4 | 4.33 1.25 4.5

Y—514 YR 7 x—X (BBeep) I3MEED fEfRl % i > 724
fTH L DEEE [ E T HBIZAEMTH D Z i bh oz,
6.5.2 EFAERAVEBRRER
— = ZIZHLD 1 57z GoPro 12 & » THE X

mt%@%ﬁmbtt A, EBBINER~Y Ry b
>&71—1@%%ﬁ&b4ya7l—xéﬁ%bﬁﬁ6
BET 2%, SNEDOGFEIZKDVTVWRWHITENNS
M%t@xﬁmifﬁLbfbio EIPGHAS < BigE
Nz, BHNFBOFEEIZLKLOVTWRWSEFHEL LT, &
xR L TWB A, RATEIZHIET 25IZIATVWS A,
HNOEB XIS ZRRD T WS AR a— ﬁ%ﬁﬁc%x
TWVWRWANRE L Aoz, —FAY—AA VR Tz —A
EHEALTWEHE, iDL 21—V OFEEHRAL
TWhEWALLE, BHEEZRSINZZ L TLI—FOF
I, GATESIMBIERED, L\WD U — UL ik
Iz,

ULRAURRS, A=A VX =7 z—A%2{HLTH

2IZh, AADHBTFENA—Yr—29 5 70cm DA
THBICR AL, BT A2 HWEBEOMEE, BALTE
EEE LT, (1) BFERANY RAYEDTTE DB
BHOPHEI 2 RhoTz, (2) —FDAITEITHAEER T,
(3) HITHIFREHEZT DFIEICGMVTEEZEA S L L
T2 EEIR KT E N Tl B AR—=ZADF 32 o 72,
EWS EDODHMEHERL -
6.5.3 EEHFMIER

Ty — P MERERLITR UL A NOBIEN, A—
AV RT =A%V I TREOHBITENEDIZHE
o TN EELE (QL). —F, TOMOERIEH
CELTIERENEN, ZDODA YR T 2 —A (AE—HA
VRTz—AREAY PRy MUY R T2 =) IZHLTIE
ER U & D 2EEHE SN,

A4V R 2 —TIZLTI :i’é‘c}: 512, BBeep ZffifH T 5%
Z e CHMOBIEE P E M ICEEZFE > TN VI ER
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BES5NTz: AL AV —H Y AFLDRHELTHY D
HITEPADIERZZE > T NI WS ERH TSNS
(%)AzFﬁﬁﬁﬁﬁbTVé LT A O ST EDE
DE, HACHED EE 5 5720ICBE L T iz (P4);
A3 A=A VR =T 2 — ADRKRKDOF HITELE %
HWAHTEPASOETAANPSBVTINERTH
%1 (P3). —ABME X, ~vy Ny M VR Tz —AIZ
DWTHBICEL ST 2GS IRV L 72 Ad: T~y
Ry YR T7z2—ARTIAR=PNTHBENPEN]
(P1). LALARAS, BMEEUFCRT LI, ~v R
Yy MU R Tz —A%fHHUZBICEAEO AR E %
Fo TN oz E RS UTHMUKZ: A5 TREOD
AEIDEDZIZEK DO NWT L NP o272, A—DKb
DIZEATHEZMTTEZMITTE 55 &5 ITHGBEN
Hotz] (P4); A6: [~y Ry M V&7 = —AFHMNT
HBEHTENTVWED, HFADEREES NV R A
THd] (P2).
BINFFZAC—H A VX7 = —ADHAMIZEM OB
HRTF T 2 & EE L, BN E —MRICIRHME L 7231550
ATV 7 TCRAY—HI VAT LAIERTHE VD
BESNZ: AT TEORMUZBEETCIRAE -1 VX
72— ADNKORRWIRDHDICR L] (PL); A8: TR =7
AVRT 2= AFBREER Y ay VT E—ILEWVWo T
AHOGFTHEEMZLES ] (P5). AT, ADDiRn
BETHAY I VX 72— A&HALEVE VD
/5N AY: [AE—HA1 VR 72— ZF AV
LERFELETERS ST, HMEOHERN D MO AEL G
EEST0, WD chbAHATHS] (P3). L
MU SLTIZRT L 512, HrRBRETIIAY—h1
VAT z—AEFSOIRFELLAVEVWIREREE SN
722 A10: TZEHED XS BEFITIEAE =1 VR T =z — &
EHEALZWD, HLUENIWVWDE LS ITRD S NBERELC
HADRWGEE, A=V R 7 o— A LRV
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(P4); Al11: TREPIRZ EORNKLOBEFRIZFAY —H1 V&
T —ARMIICHE UG LA S DY, R XELE
Wo e R TR A —h 1 VR T 2 — AR MWL
] (P2).
VAFLADREBRL LT ADSMELS, VAT A
BELEE 2GS 3720 TR < AFHORM % I3 2 BHe
ERHOTWAELXDEHTH S, LVWOERNPFRLNT:
A12: TAY—HA VR T = —ADFRIZEC 353, EPFHD
REA~NY Ry PEBELUTHI TS NEZ VAT LNH S
EEOFERMTH B (P3); Al3: [HFEINEDVTETH
5, BIHIZHITFENIL>TWS, L\Worz X 5 I E T
PRI >TWEOREHELZV. HIXIEX, AC—HI2HE
HONZHITTEESESZZESL, ~y Ny MIa—¥iz
B CTHEHBTAPEI o TWEDNHEHT 5, EWnoizy
ATLNRHBEEIVEHTHD] (P2)

=)
7. &&e

7.1 FEREBZEVRATLELTOERM
EEIHMMADKERL S, BBeep VWL Z 2 Ta—H 4k
i3 OE R E KIEIKFEAGETH 5 Z L DRI Nz,
BBeep &~y Kt w N VX7 2 — A% U, fE%
FRABUZ DO W THEE IR I N o 728, EHEAL
K OEZEHRIZ DWW T I BBeep KD G~y Rzw b1
YRz —AMFRHR LD B ERIZD Lo, ZDODA Y
X7 z—AFEILRY) O —TEELZR2IESTH, TOEL
Bl 2 NE (BBeep 32— RORBEDHTH, ~v
Ry M YR Tz —2AFaA—FDOA) BRLE. ZOkE
o, BEEE2 -V L AMOSTE O GNMT T
5T L&D, A—VORIEEEEZES LZRELD E,
HAT7H & OEEDfEIRMED DI VR & o — PR T AR
LB EMNHEREI N, £, ©TFA RO BIEE R
NoHEINSDOREREEMTBEENE SN, EHENE
BEIS 2 EBRBINE IXH B OFEE R L TORWHTH
CHHEIZEE U2, BBeep 2T AZ2IZEDZED
EOBBGHIIH L TCLEHGDHFEEEZR O, 2—UDE
OREZE-STHESI LSRRI Z A HfEIZ R -7, F
T2, TV —1F(Ql) RUA v R a—#558 (A1-A3) » 5
%, BBeep (2K U THATH & OEREE KIFICHES T Z
EMTELREELSTM LT « = FXNw 2R3 G 507z,

7.2 BBeep "ER L B25E

ARG TIZ =Y L BT HEDOE R % BT 5 721) TR
, VAT LOHEZEMZMHE DI &% BHNIZ, BBeep D
B AT LR ROBEERY) V-2 BE L. HEEES
\Z BBeep 2T 52X A0 % 52722 25, EBSINE
MOITEMEL A HDAR—Z (23, R, YavEr s
E—N7RE) TiE BBeep ZHHHL7ZWVE WS T 4 — RNy
I HBFSNT- (AT, A8, A10, KU Al1l). F7-EER#ZIZAT
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o727 Vi — MIZBWT BBeep XAIZEEE 2GS
TIZEEOS T, BENEPGEICBEEIT S Z LA TE2h
EWVWSEMIEE (Q2) I22WTHME L BBeep & ~v R
XY b VR T 2 —ADWAIZIFIEFEUFAEE DT U
MU D S, R AR 7RI T BBeep 2T 5
ZEIZDWTHESRH AOERVBFONEZ. HESMED
51%, BBeep (ZABD AN & lZ2T 2 EMA VIR D BEE
BIES IRWIZOAPDRVERETHEHATHEL NS O
AV N (A9) BRONTKE, HDSME» S, L
MERE L EFMITE T T L 5 I1TkD 5B EE Tl BBeep
EHALZSBVWEWS X2 b (AL0, All) E S N7z,

7.3 BEELSHBOEE

7.3.1 EELOHEDHIR

AY REY M VR T2 — AT L TERSME» S,
FAFOHTEDEREZFIK LR TERWRHENTH B 5
WEHES 5, W5 74 =Ky 7 23@ o607 (A4 kT
A6). TNH6DT 14— RNy 7K, 2—VITHTH L HEE
U\ REE 2 1L T 2 RER (R B DD, F2IES TR
BWOTIENEETHHILE2RLTWS., —TERIC
BWTAY—HA VX7 —AE{MATAE, #HEpkE
DIFIEINZGAA NV T W2 IZ T E b o T2 B 7H 1
HNUTEVATLADNEESZEZ/SLTLED, LWO LGN
PENBIE SN, TS ORI T 2L LT
A 478 DEAR & R 0UR & 9 2 Bl [20] 2 W T TE
NA—FEHALTWE0%2HAI L, WBAKEEE2 20
HEEIESTHMZIT D E WO BIREREDREZ 5ND.
7.3.2 BEESLUVVRATLADHESZTAMICET 2AE
BEVATLOUEZAEEZHD TV 20121, 21—
PRI THRLEAFHDHEITEHEN Y AT LR L T IR
ERETLHICHEBEL RS, LALENS, KL TH
Bol-ZHEOER (BHEEOTY VICETIHE, W
HEEEIC L ZFMER) T, YATLARSGHLI—
P OMMEENIZEN N E D 12 FET LI LIERE YT
Toledh, U—THERREY AT LK U THITHEMD L
gz 9 23T T b o 72, 5%, SHirEMOH
RIZHEREY T TEEZPV AT LADIMEERZITS Z
T, F0HASEMDOE WY AT AETEA L TNE
7=\,

7.3.3 ILRBHERE

ARFEERTIE BBeep 23178 & DEZEFEIHICEITH 5
MEBEEMEET 572012, BRONV— N2BEITEXAY
DHEGZ, HEEEEADFETr =Y a vRnEL L5
SO REMIN— N ERBEITARAZIZEZ o7, L
PURD S, HEBEEENENTHHEZRELE 2O
BV — MR > CTHNMARBEIT 2 Z &, RN
FHET ALY, 0B EVBLELLS. EIE,
2 (P2, P3) mHIXEEE2ES T2 TREAMD
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RIUZEE T 2B W e WS ERME SN, —D
DIFPFEL LT, YATLADE VY U IFER (BIFHLED
P EEOERERY) 28— TFDNT A RIIKE
2T, 2-FEAMORNE L D FEMIC R
TEVATLADEZ OGNS, Fi-fiodEzEe LT, P2
P3 2M2Z% L7z BBeep & A DRI E~NY Ry M2EL
Ta2—HIZHMSE I EREEMASDOEIZV AT LADNEZS
n3d (A12, Al13). 5L, HEEEERIT Iy -2 3
YYAT AL, [14] PR E 7 4 — KRNy 7§ B Y
A5 I [16] & BBeep % S RINTHALDE B FIE, 1V
BRI —ABMEFUTITE\W. F72, BEORMIZEIL
T ZLLDEREL—F~AT s — NNy I FTHZ 22k
0, I—YHEWEED MR TE) S R SR (FhE
PRERFMYER > 72 HTFEHED L DI, HTENEGITE
EELZEDBTERWVRNAZLY) ZHHEARER Y AT L
ANEFRBEIETWEZ,

8. F&o

ARZE T IR E & DM U 72 BRI 2 B a3 5%, 21—
Y HOBTEM TN U TES & 2O THEZEDO &R
MBS 2T, SMFHLEELRVRRKE -V
Rt % A7 L (BBeep) 2% U 7z. BBeep IFH17%
Db Ty FTRORMEFHE ) TVRA LTS
LIZE D 2 —YRHATE LR BfakE e PRI, %
THEMREPTFHSNZROAELEEZEST. ZhICk
DEZEMERD DD, DOBfTE L OEEE[EET 5
ZEWAREL D, AR TIIMR A REE X — I iT
SHITEDRIGE AL, T—3 & AT7H OEZE RIS
R BELEEORS LAZT YA v L. S oITARMZEIR
FEREE (EIBRAEE) 1B W THEREHRICL 2V AT LDF
iRz 17\, £ DOHAMEZMGEEL 72, FHliDO#5%, BBeep
EHWS Z & THTHE & OEERIEE KIFIZEK AT H
52 L EMR U, S HICERSIE D SIE, BBeep %8
BUAMZBERP Y a vy BV I E— VR ERMEL 2D A
R=ZATHAEMTHD L WS 71— RN v IR {6 NT.
SRBREBEREREREDaI Y Ya—R Y a yEiE
RPN AAA, EEEZKSTHEEZES T LT,
BBeep DEMIZE K FEZ X SIZHERL TV E 20,

#BiEE AWZEIX JST CREST (JPMJCR14EL), JST AIP-
PRISM (JPMJCRI18ZG), NSF NRI award (1637927), NI-
DILRR (90DPGEO0003), Uptake (CMU ML for Social
Good fund), JEAIEHRD ZHEE 2T 7.
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