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Study on Auditory Warning Alarms of
Automated Guided Vehicles
by Yoshiyuki Ecawa*

Abstract ; The purpose of this study is to establish useful auditory warning alarm criteria
(hereinafter referred to as “alarm”) for automated guided vehicles.

First, the author suggests 4 groups of alarming wave form for classification of warning
alarms. The application of this classification allows a variety of alarms in the factory for proper
classification. The 4 groups are termed “Continuous Sound with Periodicity (hereinafter refer-
redto as C.S.P.)”, “Continuous Sound with Stability (C.S.S.)”, “ON-OFF Sound with Periodi-
city (0.S.P.)” and “ON-OFF Sound with Stability (0.S.S.)”.

Enquete and tapes in respect of alarm are sent to the manufacturing industries of automated
guided vehicles and collected to analyze. Problems to be solved are found through the analysis
of these data. The problems are as follows.

The alarm of automated guided vehicle has come into use in two cases ; they are in running
and at an emergency stop. In case of running, it should be the type of C.S.P., because it is
necessary to ring continuously while vehicle’s running. The pattern of each periodical form
should be the type of “slow rising up” for giving little jarring to the ear. But as a result of the
analysis on site, 35 % of the alarms do not satisfy the desirable condition.

In case of emergency stop, the alarm should be the type other than C.S.P.. The rising form
of wave should be fast rising for operator’s attention, but 33 % of the alarms in emergency stop
aren’t the type of “fast rising up”. .

For recommendations about the periodicity of running-alarm, two experiments are carried
out. One is the experiment for evaluating the periodical duration by counting cycles and the
other is the experiment of sensory detecting abilities for digital & analog sound pressures. In the
result of these experiments, the periodicity of C.S5.P. type alarm should be designed as the
duration of about 900 msec. ,

In conclusion, the recommendation of auditory warning alarm for automated guided
vehicles is given as follows :

“Continuous Sound with Perfodicity” should be adopted as warning alarm while in running,
and kinds of waving form other than C.S.P. type are preferable when the vehicle stops on
emergency. The periodicity of running-alarm should be about 900 msec.

Keywords ; Auditory warning alarm, Automated guided vehicle, Sound periodicity
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Fig.1 Four kinds of auditory alarming wave.

SLENESE

Pk, BEXSBCT2EEE

s, [EgE ARED

b, FEEFEEERL ], [HREEASEEDY ] kU
(WS B2 Lo 4BickBland 2 & E2ifRT
2, MRz B WT, BBREAEETE2EHBA TV 5,
i, TERTRASED D | LHREREERL ]
OXANCBE L TTH 5 HikiFiz 8\ >T OFF fifgssk
Pk, ANEOERIBEIPATHSE L IZELGN

T, BESREE 1L TREIREI L TV 3 Eicikd ON
MEsRe - T %, ZD& I BEE, AEOHERET
I (WS 3@ ond, L3 [ERTENE
BN KECONEZHEENEL S,

ON [4IFg — 20 msec, OFF %@ — 60 msec D&L£S
Wi & BT 2 HRERED (Z D& Tk ON kg
= FAREERE, OFF Mg 2 2 bR RFEL T 5,) b
H BN, 4o Ra—7ZFR5IEF, 60 msec BE DRI
EIEEERH - 72 £ LTH ARIOEIIZEY A TH
ZARG, BEFLREINEHCTRANT 23D TH
2o, ANEOBREREZELE:MESTOESE (-
£ Zi$WreE &1 OFF MR msec A EDOBEEEZ L)
DLEMEE 2 EBREPFTE L /2. ZRICDWTIX 2.3 &
THk~NB,

2.2 RFNEEFOESR

2.1 BiTHENTz 4 DOBEEFOEEL, EEHBHET
LAV NTWAEEFOLED LS BARENGL
T3 Table 1 TRz, THIZHTHIFEHR&E? L ER
TEHSTHBH, BEABRESEOEEEIRL EE
BEOHRTED LS BEL w I WMUE DT 5123 »iReET
THBICHERDTI ZTREOAREBE T3,

2.3 ON-OFF R EHIE=ER

2.3.1 XEREM
21EEFORE| 0T, EREFABESY | &
(Wit AEER L OO RAIRERICB W TRE

Table 1 Classification of various uses in auditory warning.

EEEOREIERL

5 M " % % & EF o M H
2o B (BEWE) 2 | xEBEELES D
o | AMEETORIEER | *EHSEE AT RIS LL
T e a ey * LB bt 13 e sd & B
HBLATLRIZEN .
; EdE A7
LxFa | T, ZoERL Ry | o on L L
BERAY | oinecramews | e RAHEL L
) - * T EAT ) 13 HeEE T
o | ABAEREEC E
DRI FHLELE | kEETEEEL L
O EE (ZUARBMICT | RRBEL Eat) i e
5 1 || ERAIELEHEE)
I " BEOMrLRTARO | smliasEmEs
€| EEEREEED * W E RS Y
= (BYoBRNE) % T B EAt ) 13  Tesd & o T




o~

BEHBVWENWTHD I EBIRANIz, Yy DAIT—TFIT
BOTHRE EEORIFEEIERER A L (B 21F 60 msec)
THH2 L, [HRFIELTHEDP>THWEXED H S
2, BEBLEIABPHEDTCE®RELDOT, A
FORERECEbLYL [WiE0ESE] NILELE
Z, ZOEBEETo,

KERERIE, AMOBRERE IS 2 HBI=R 2
L, ZoiZ ON [EfE (msec) & OFF iR (msec)
ERAT L [WiRE] » EEE] »OERTZ
X392 LEENE LT,

2.3.2 X£BFHE

ON fEf@ (msec) ; 20, 50, 100, 200, 400

ON/OFF tt ; 1/0.5, 1/1, 1/2, 1/3
o5 0 BEOESE (RIEAKH 1000 Hz) %,
FENR 50 ZOHEBRE CH»E, FUVHELCHIZT 2
BEFLLENTAT, WiMicHZ 2 20, BN :
bolERTFE L THIZ 20 2HEIS w7,

Fig. 2 W RBRICA W/ O —F & L, ON [k ;
200 msec, ON/OFF Lt ; 1/1 Db O»EH L TH 3,
2.3.3 REAER

Fig. 3 ICRERER 2R T, 2D 7 13k#ic OFF
MEifE (msec) , #HEdhIC Bie s & HIBI L 72 4B D T 4R
(LUT Wit B HIREE | L va3,) 2RL, FnEs
777 ERCOLEEHREE L HEIL I A E 2
EPROLTWS,

D77 712k % &, OFF /@ 200 msec » & Wiks
EHIFIF 5 EHBEMML1E U, 600 msec Ll iz 3 &
85 %A L DEHMETE L HB T 2R ERL T2,

Fig. 3l 3 OFF %2/ S5 X~ L L2205 7 2RL
723, AEHiMise s & #IFId 2 REE 1387 L ¢ OFF 4
ROAMZEZ2D0HBIZENENOERICH 20

LR MAIMESSE RIS-RR-86

Fig.2 Periodical warning ON-OFF type wave form used
for the experiment,
ON-OFF ZIA#IEREE KIBEM

100

80 -
—~ 704
X 60
50
# 404--
30
£/ 904
10

Fig.3 Result of periodical warning (ON-OFF type) experi-
ment,
ON-OFF 2! /E#A#5eE%

RS 12D ZREEERIC X 308 ETo 72,
Table 2 iCZDFERMWRLTH 50, FHFE LT, ON
ke & ON/OFF L& 2B D #1F 7, Z0FRIC L 2 &,
BIFiE TH 2 » s WHBREMCHIFIS 3 TEER I,
ON ff8, ON/OFF tt (ON fFE % ON/OFF tcgl
5t OFF R3], &si2ichs 2 o0REE

Table 2 Analysis of variance between ON-duration and lgg::___'____:_—_____-_______-___—;;_-_-;:_-_-_-_:____:_-:_—_:gg:gg $§
ON/OFF ratio. B0 7 _;.,_/_i _________ ON-100 ms
AR (ON RIFE & ON/OFF k) S A J o ON A ms

FHA | A | TEIK | 5 KK | g gg_:j"_‘_'_'_‘_‘_j]__'_;{_‘_‘_‘_‘_‘_‘_‘_‘_'_: e
ON,/OFF} | 11388.691 3 3796230 | 650318 k |  404------- 7 m Pt
ONMIW | 22928668 ¢ | smoes |osiosse | F NI T
ZH e 7980.004 | 12 665750 | 114047 M | 109 ploo FEEmm - -
BELH 116.750 20 5.837 /A } ON/OFF
£ H | 42423113 39 0 1 z2 3
5

* F( 3,20;0.005) =3.86
® F( 4,20;0.005) =351
W F(12, 20;0.005) = 2.77

Fig.4 Relation between ON-duration and ON/OFF ratio.
ON Bif@ & ON/OFF Lt & &



BABAENEESTNMICBET 5%

A HERE 0.5 BOFEECBLWTEELZT L
BREEVEON, INRFRET LHFTIRERE
78 OFF R ids 0 7 RiRRECTH % ON BRIz d
WET2Z L BTRLTVS,

FOEBPBRNET 27012, Fig.4 £ LCHEEIZ ON/
OFF L, #tsi iz it S IR ISERE, /35 A —% £ LT ON
BlREsRLIT 57 2EE T3,

D75 712k 3 &, ON [ERE 20 msec, 50 msec T
13, ON/OFF H3 23 Th b ¥ 0 WS HRIsEE
1 ER Ukzwas, ON IR 200 msec LA Rz %% & ON/
OFF LSt B HIBIEBE R DB EL T3 %
RL T3, E7> ON [EREAS 200 msec DL EDEEEIC
BWTIL, OFF B@BEICTH->TH ON EEoE»
WHEBESE RIS N2 EESREWEREZHELLT
W5 (F 21T OFF FERgAS 400 msec TR U4, ON [
f& 200 msec DMt EHIFIEE T 74.8 % TH 5 DI
L T 400 msec B Z 11 61.6 % ThH 3, HFHKEIT
FR) o TN, HIEEZTVHFEZT CTH 2 0E»AH
DA 2 ER L LT, OFF EEIE» D Tl { # DB
@ ON @ dEBROMRICIMZ LT ERS W &
Bhhrolz, '

ZOHIDRE L U TERB TR~ HBIBI B D
ERITH, T OB L HEEHE L CHIBR LT
2 DOER, ¥4bb ON [k & OFF [ (3512 msec)
PRAT S L, BRERCBLITABORERETIX
WiE L AT 2, AEEEDD 2ERT EHBIT 2
DERETIEBTHE, 20L& ERERET S
BE, gl U 72 EERIC BT 2 WE SR BIERE 5T % LA
LObDOEHBEFLHET 20 LI RENESL, &
PRI B TIIEHEEHIREE 80 %X 2 2 DEREL L
720 BEIZAKCET2ERSTOTHEEERRD 2 EER
BB TY B THELZVOEDOHRIZLTWAEYZ
itk s,

ZIT80 %EERL L, Bt T HBBEESZ N LD
B\ ON & OFF DB ORERSGDHEETEE
17 V—7, X, 80 %% D&\ ON & OFF & (DR
HBOERSKEDOHEERR2E 2/ V—-7ELT, Zh

BELIIN—-TEE2IIN—TL2HFT B0

BaEROTH,
WRIZHBIBES R R T,

Y =-1.560X10"*X[ONRER+3.273X 1073
X[OF FHERE—1.157 ‘ (1)

(1)=xXicBT,ON @ & OFF @iz #nhEho

ST OFIREEE LS 1EFRFRT % msec BT TRAL
BE, Y PIEEEZREENEE, AEE2 R IEERES
R,

2.1 i BWTELSFOBED S b[ERT RS
D] & [HEEASEERL] EORFNIBRTEH W
FVTHD I EEBRNTD, BESEEELL THL
Y0, $E(1X2AVINS OXFIZEELL
T ZEDREFLWEEZ B,

3. EABGEEICRVWLATLWEIESESOER

FRZBWT, BEABMKEOCEEFCEDL > 2F
BEOSNTWENTFEARE 2, MEKEZERR
SREBLTWBR 12 A—H 77— NRUT—7 %%
fTL, 2TEEOEEFTRU T~ 2INE LT,

BEAMBEOEBES 22 0BBICHETZ L, £
17, BF FER) B, zoft (KER - B
BIERF - Ny JBF) CHEENDR, ZOHEENS A
T 9 E2SETH, EREERODLDRES N, ZOM
WS TR, &I TRRECBVLTIE, \AMRE
HNEEEZTRES TR E L CETBRUVEEEER
D2 ODFEEE, INoDEBEFTORHMEERETL
Tn{,

EEEDEFEVAINVIEFEET 5 &, BfTHRRE 86.6 dB
(A) (E#{RzZ= 4.5dB) T, BEE{EHERZ 88.3dB(A)
(E¥RFEET7.8dB)TH D, ETEEEEROANEE
VARVBEV, BEEOFELV VL, THEARBEE
EDOENHBIEII B TRES N, BECITbHIK
WA WV VIRERESNTWRITRIEZ S wn, Le
L, ZOREZ DO TRETARHFE? TT TEERLTY
2D TESENG CORAIENT, ARCIGCESSE
OEFL WS HE» 55,

3.1 RAZNEEENER

AR EOEE T % ARFIC Table 1 12HTiE®
THDBE, ETEZ 2200228 THY,
EEEEREI R 7 2BERME ], D% 0 \EARX
HYATALDEIDEENECEGMFIELzZ L
EPANHCRAESCI2EETTHILEZ %o

Wiz, ERREARREEIC E DX S RBETOEEY
Ao T L BRETR T,

Fig.5 1%, ETRISHIS N2 EEFTOEEER L
bOTHZH, EREFEAEFEED I8 EHwo
TBY, B0 28BkEENsEwsT»S,

[Z2ZDF-72Z0FHE | 0ESEZFOREIL, ElH



L CHBRFEFPRELLHETZ, ZRED TR

S TRENEIHEZ 25 L v 3 BOIEMRRER %

FIBLIbDThH2, 72 CETEOEESTNH T

NEBHERETLERDLI RS,

i. BITHERES TLERD 5,

i . EEFSAPEE» SBEKEINTEY, Z00ED
VEDORHIZTDOKRE &8, BEEHOMUERED
LTWBIED, 3-o&D & ABCRME N2 EH
BfE (msec) AL TR 50,
X1 OEETH LY, BEBSTNENDLDT

T IIAVELANL L, ZOEHIINEEE, B

> T 5 (ON [ERE) B> T wig (OFF iE)

LSRRI NT WS DT, OFF [EiRIC b =l i E®

ETELILTE TS RREREREATHE LR

X3,
RZERFESTIA TOEEE (2200220

UE) BAMCEEDLY 2T > TiEnidhnin

SHEBETONE, BEhY THd LEEZTOEEY

P LETE R Tw3FBLIELIERZTSN S (Z

NIHEL [Y AT LABRERME] 3V AT LDEE

PABACEN» 3 L8 20BHTH 295, B

TV THBILB3HSNBEHTHY, SGETHIC

HEBLUREEFEERIETEEV VBN ELDHZDZ

EIz&B),

EXbOTRVEWLSI ZERKRD2HICE%, E1
REEPR U 7- B i & BEL TL 228, EFTOH
SEBEEE BRI EVIZETH D, BEHEETHEY
HE b2 NHOREHE (B2Y) 0L
DTHLTHLbLIREL S, B2 REIEAPOEEDIL
LEBRDWETEIETHY, BR[O EILE
EMD | OF» [HEESIS EXD ] KDESHOYID L
WEEFICHI 2B, 22T, ETR - BBEERC

Wit & AL L (9.10%
Wi E RS 0
(9.10%)

~—

HEE RN L
(0.00%)

S )

Fig.5 Kinds of warning alarm while running.
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Fig.10 Periodical duration of continuous alarm used for various situations.
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Fig.14 Relation between alarming sound sonority and
vehicle’s position.
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Fig.16 Variation in digital S.P.L. wave form.
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Fig.17 Variation in analog S.P.L. wave form.
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Fig.18 S.P.L. variation of warning alarm (digital sound).
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