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Abstract

The long cane has been the most widely used mobility aid for the visually impaired people in spite of many other aid
systems. The purpose of this study was to investigate canes that are currently being used at the special needs education school
for the visually impaired and to produce new long canes experimentally and evaluate it for visually impaired children. An
8-item-questionnaire was developed and distributed to 71 all the Japanese special needs education schools for the visually
impaired. 83.1% subjects who received the questionnaire completed it properly. The new types of the long cane were
assessed for their ability to transmit the vibration and their sensitivity to tactile information, flexibility, and durability. The
materials that are used in new long cane shafts were carbon fiber, aluminum and composite material of carbon fiber and
aluminum at three kinds of the most commonly used materials. The tips that are used in new long cane were standard
(pencil), marshmallow, and teardrop at the types of three categories. According to questionnaire results, the visually impaired
children tend to use a straight cane, and a rubber golf grip standard-type cane tip in the special needs education school for the
visually impaired, even though there are many kinds of cane tips. In these experiments of the new long cane, it was found that
the lightweight canes, the regulating mechanism of cane's lengths and the combination of tips and grip might be associated
with a visually impaired children's performance.
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Table 1 The questionnaire of the long cane that was distributed to the Japanese visual impairment schools

1. What type of the long cane does pupil use at vour school?

o Straight type o Folding type o Both Straight and Folding type
2. What materials are the shafts of the long cane at yvour school?

o Aluminum shaft o Carbon shaft o Fiberglass shaft
3. What type of tips does pupil use at vour school?

o Pencil o Reller and Pencil o Reller, Pencil and Palm
4. Which part of the long cane iz broken mainly?

o Shaft o Tip o Shaft and Tip

5. How long is the useful life of tips at your school?
ol to 3 years o 3 to 5 years o More than 5 years
6. What materials are the grips of the long cane at vour school?
o Rubber grip of golf o Plastic grip o Other
7. How many hours does your school perform the long cane techniques training per a week?
o Between 1 and 2 hours o Between 2 and 3 hours o Between 3 and 4 hours
&. What is necessary function about the long cane?
{ 2
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D—FWIRT D EFNALENTHH 2 & bbhol-. £, AZEOMAERIT 1 40 L 3 4R & EHIF T
WRNETHDLZ EHBHLNIR>7-. ABHZ Y v 7L TS 7R8TU » 708 949% DEIE T S h
TNDZ ENbhotz. ARIZ OV TR HLAHEREICE LT, SO TRE CIRBMRZIEMER TV D
Z LD 47.5%, IREEAER ORRE ERN 33.9%, %478 EOMEENEM E 18.6% e o T, ZHHORER KL VR
REEREHERE L TR LN DHHEEENR 3 DX S ICH LT,

Table 2 Questionnaire survey result of the Japanese visual impairment school's long cane

Number of questionnaires Total (%)
Number
Total 59 83.1

1. What type of the long cane does pupil use at your school?

Straight type 37 62.7

Folding type 7 11.9

Both Straight and Folding type 15 25.4
2. What materials are the shafts of the long cane at your school?

Aluminum shaft 10 16.9

Carbon shaft 25 424

Fiberglass shaft 24 40.7
3. What type of tips does pupil use at your school?

Pencil 40 67.8

Roller 8 13.6

Both Pencil, Roller and Palm 11 18.6
4. Which part of the long cane is broken mainly?

Shaft 14 23.7

Tip 40 67.8

Shaft and Tip 5 8.5
5. How long is the useful life of tips at your school?

1 to 3 years 38 64.4

3 to 5 years 10 16.9

More than 5 years 11 18.6
6. What materials are the grips of the long cane at your school?

Rubber grip of golf 56 94.9

Plastic grip 3 5.1

Other 0 0.0
7. How many hours does your school perform the long cane techniques training per a week

Between 1 and 2 hours 42 71.2

Between 2 and 3 hours 11 21.2

Between 3 and 4 hours 4 6.8
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8. What is necessary function about the long cane?

Function of length adjustment and good vibration transmissibility 28 47.5
Reduction in weight 20 339
Functional improvement of tip 11 18.6

2-2 HRREEERZFAARORFERHRER
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700mm~900mm, 600mm~900mm D A[EHFRID 2 FHH &L L7z, F7=, ARI0 AR SIERHMhaRER 5 VL& O (R4
MOWRTE LTz, ABOMRERIL 159g~245¢ & L7z, AZE1%, Xl (K1), 747 Fey 78 (¥2),
v ab—2A (3) O3FEE Lz, TOMEIITLREOAEMLEDN TNDEYaT7a v E AT LA
O 2FEE AW, 7V v 7ORIRE, IATRERAY, MEIEZee LI AERAWE. JU v I AR
JE1L 45, 25,15 (ASKER-C) O 3 fffH & L7-.

Table 3 The important functions of the long cane made for the visually impaired children

Function of length adjustment and good vibration transmissibility

Reduction in weight

Functional improvement of tip

Table 4 List of the long canes made for the visually impaired children

Cane shaft (Material Diameter-thickness)

Range of cane's Overall - Grip rubber
. I
No (mm) lengths weight . p, hardness
o L Material/ Type
Grip side Tip side {mm) (@) (ASKER-C)
Aluminum Aluminum Duracon
1 J00 ~ 900 181 . 25
pl4-0.9 pl2-0% Pencil type
Aluminum Aluminum R Duracon R
2 600 -~ 900 1595 15
pl4-09 @l2-09 MhMushroom type
Alumimum Aluminum Duracon .
3 J00 ~  S00 201 45
pl7-0.8 @l3-1.0 Teardrop type
Aluminum Carbon Fiber Duracon
4 600 ~ 900 245 45
pl7-1.0 pls-1.0 ©Mushroom type
Aluminum Carbon Fiber Duracont+5US
5 00~ 900 211 . 15
pl7-1.0 pl4—1.0 Pencil type
Aluminum Carbon Fiber Duracont+5US
600 ~ 900 222 25
@pl7—1.0 pl4—1.0 Teardrop type
Carbon Fiber Carbon Fiber 00 900 184 Duracon 45
o~ . 5
016—0.8 @14—1.0 Pencil type
Carbon Fiber Carbon Fiber 500 900 225 Duracon -
o~ 25 . 5
q}].ﬁ_ﬂ_g {P]-4_1-D Mushroom tj,pe
Carbon Fiber Carbon Fiber 200 500 159 Duracon 5
— . 5
016—0.8 pl0.8—1.0 Teardrop type
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Fig.1 Pencil tip. The type of cane tip. Fig.2 Teardrop tip. The type of cane tip.

Fig. 3 Mushroom tip. The type of cane tip.
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HHAMEEE T (Type 4507-B-004 Britel & Kjeer) 2300 17 H41%. A 27UV AN~ (ENDEVCO : Briiel & Kjer) %
o TTORD HAVNHRAICIREN A N2 5. ZOIRENE 5137 — 2 4E£R24E (TYPE PULS 3109 : Briel &
Kjeen) [ZEED D, 7Y o FEBEENIX 2000Hz Th 5. Z DT — & %fEHrY 7 k (PULSE  Labshop version10.1
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Accelerometer N\

Data acquisition
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Briiel & Kjer
PULSE Labshop version 10.1
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ENDEVCO Briiel & Kjer
Britel & Kjer

Fig.4 Vibration experimental apparatus. An experimental apparatus is presented for getting of accurate frequency response
function. The vibration of the long cane is detected by 3-axis acceleration sensor, and vibration information is extracted from

a vibration signal based on FFT analysis.
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Fig. 5 Excitation point and 3-axis acceleration sensor fixed position. An excitation point in one point of the cane is excited, and a

transfer function between the excitation point and an accelerometer sensor point on the object to be measured is measured.

(3) HRENFRIHERERAE S
7% 5 IR EEREH Attic ki 2 EEREEIES R EZ RS, VY7 MERT VI =T AT, BEx
U 7 MEIEEFREEENEL D Z ENH LN o2 F, A=A OBA b EREOMER R ST
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Table 5 Natural frequencies of vibration of the long canes

Long cane shaft Natural frequency (Hz)
L. L. Weight First frequency Second frequency Third frequency
Grip side Tip side
L€3)] Hz) Hz) Hz)
Aluminum Aluminum
181 57 119 244
@14 — 09 ©12 - 0.9
Aluminum Carbon Fiber
222 32 114 265
plé— 0.8 ©l4—1.0
Carbon Fiber Carbon Fiber
184 77 122 261
@16 — 0.8 @l4—1.0

2 -3 HEREERBRBABOFE

(1) HEEEREN AT 2 B iR

AREBRCIERAE L7 AR E S ARt OB EME O BR O ERI PSSR 214525 - OIS ERRIE L
(Semantic Differential Technique: AR SD {E) |2 L AR EE NEH ABEMERFO R &, HEE, RE&RE, A
78« 7V o THAEEE 2RO ERE LT NG & OKENGRLD 5 IEE % 6 B RBT A HRERAE 21T
ofc. FEERIZ, BFRICCHE 1T DT A BTN (BSIES) OEETIThbivz. RNciE
%, BAFE L7oREE R E A AEL No. 17225 No. 9) OFNEICHEHT 5 FIERE S (No. 9 225 No. 1) OBFIEICAE
R 2BIEREC 0T Dz, TORBENE> THEF LI AftE IREN 1 » ABICH 5 AR TIOR3 4 1
M (B 1) IR L, Mz Z72r-o7. 2RENFHEIE I 9 AT COMED At &2 H45 2
Ll Uz BEDN 9 ARTNTOAMORITIR TRICEM DN REICK L TA v ¥ B a— RS TT v — ki
BB Ihol. AREHERRIIFRNOY 2 U 7 ARKOFREAOT A7 7V Mg & Uiz, FHmEIHI
2014 425 AMD 201543 A & L. BBRE I RMEOERREDOLTH Y, ZOMOEENIENTE (FF 8
Wb 12m%), (B 14, LF94) Gitl04 e L.
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(2) K %

ARFERRTIE, HREELREA S EFOR S, HE, RIERE, %2 7V v TEIEEICB O TERER
HEITo . ZOREEFRICIBNT, WESETREEEEH AR 28 H B ORMEZ1T 2 BRI BRlofE
JANBIZ & » T, REOFmMNEES D038 5 DMNT-DOVT Pearson DA 2 FIREIZ L D NEFNRZ2TH~7-.
ZOREE, WTNOHBIZBWTHHERIRICKT DIEFFITR bn/enodz (e, &7, £8, K9, #£
10). X6 2°5X91%, SDIEIZED 10 4 O O LR 52555 < SR B VR Fkbi FRE O K18
HIZB T 2 HEREOFEERHMEZ <7, Z2°C, SRREEOMNEL, 3 % FEFICRW, 2% [k
DERW, 1% TRV, -1% [HEuy), 2% IRV EN, 3% BEFICEN L2nEhERL, 6 B
W LT, AWPE T 9 O AR 23 E L7z, BUEBBUIR S OFHEaTRE e 2 O ¥ A 7 (600mm 7>
% 900mm, 700mm 7> 5 900mm) % HUE L 72, —fA0IC BAEREICE L 72K S 13H0E @ CENL L 72 B84 T,
EMBARMRZER E DD L EESDR TS, LA, RENE LWRREEROME R L ovEIx
AeZtLTHY, &I OFVEHEENEOEACIXABHEREICE LR SIS & T aEI o7 H o 5%
DGR ERER L, EReo fEidEiifkE 2 o0 H Lo Akte Lz, ZoRE, K6 L HEMNR
120cm 7>5 129cm OHEERFE CTIL 750mm, 130cm 7>5 139cm TiE 850mm, 140cm 7>5 149cm Tl 900mm D
HEE SICBWC—Fi A m o7z, ZHUS LY, slEZ LWl ofiREERICH LT, FRIDST
T2 ERL O SICTHEATRE/BSRE NN ETH D Z E RSN o 72, X 7 XA ERICE L <o AR
WZBITHFHEAZ R LI D TH D, ORI AROETEN 201g AERICEHEIIRT HiHliA R E < £Eb
LT EBHLNIRoTz. ET, K8 TIEIHERE O BHHRIETF O T FEE 10kg & b & IEHRRIZIS T
LAHliA I Z e o7z, FORER, 127173 10kg LT OYEREHETIRE )03 10kg UL EORERE#E L © EEICH T
% AR ER O HERICB T 2T IS B W CTRENRZITOT W I E BB LI o7z. K9 1A% - B
X T ME - 7V v O S ICRIT AREMENC X AR O A2 B 2 e o 72, BRI A 2O REE
Bz~ > ¥ 2 b— L8 (Mushroom), 7 1 7 Ru v 7 W(Teardrop), <> 3 WV (Pencil)iZF&r LTz, E7-, [FIfE
DAEFTIEZ Y v 7O S OfEZFIEICF RS2 2 8 & Lz, ftlilidZ oREzEEOFMiETh 5. £
DOFER, A2, < v ¥ =2/b— L8 (Mushroom), 7 4 7 K& 7 (Teardrop), <> /L (Pencil) DIIRIZHRED
fRIEMICB T DHE AR OFMMERE L 25 Z b otz £z, FEOAZEMICBNTL, 7Y v 7o
S OMENE < 72 51F CIRBYREMEIC BT 2R OFHMBENE L 725 Z ¥ bh iz, Zhuckby, 7
U T O L FZEOFMAE DD AR AE OIRBYREEICB T A HEAREOFMIICBEfR L Tns 2 b
SHIBA LTz,

Table 6  Effects of response order effect on cane's length Table 7 Effects of response order effect on cane's weight
Length })ears.ot.l Déta Degree of freedom significance level Weight f’ears.or.l Da?ta Degree of freedom  significance level
(mm)  y°-statistic point (g) % -statistic point
600 0.53 10 2 n.s. 159 0.48 10 1 n.s.
650 6.80 10 3 n.s. 181 0.48 10 1 n.s.
700 4.33 10 3 n.s. 184 0.48 10 1 n.s.
750 1.33 10 3 n.s. 195 0.48 10 1 ns.
800 1.33 10 3 ns. 201 0.48 10 1 n.s.
850 5.00 10 4 n.s. 211 0.48 10 1 ns.
900 4.00 10 3 ns. 222 3.60 10 1 n.s.
* P<.05 225 1.67 10 2 ns.
245 1.33 10 2 ns.
* P<.05
Table 8 Effects of response order effect on vibration Table 9 Effects of response order effect on cane's tip
Pearson Pearson
Vibration N o Data point Degree of freedom Significance level Tip 5 L. Data point Degree of freedom Significance level
K -statistic ¥ -statistic

No.1 0.48 10 1 ns. No.1 0.48 10 1 ns.

No.2 5.33 10 3 n.s. No.2 1.67 10 1 ns.

No.3 0.48 10 1 n.s. No.3 0.40 10 1 ns.

No.4 1.67 10 1 n.s. No.4 1.67 10 1 ns.

No.5 0.48 10 1 n.s. No.5 0.40 10 1 ns.

No.6 0.67 10 2 n.s. No.6 2.67 10 3 n.s.

No.7 2:50 10 1 ns. No.7 0.48 10 1 ns.

No.8 1.67 10 1 ns. No.g L6 10 . e

No9 4.33 10 2 s No.9 1.67 10 1 ns.

*P<.05
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Table 10

Effects of response order effect on cane's weight

. Pearson Data o
Grip 5 . . Degree of freedom Significance level
¥ -statistic point
No.1 1.67 10 1 n.s.
No.2 5.33 10 3 n.s.
No.3 0.48 10 1 ns.
No.4 4.67 10 3 n.s.
No.5 2.50 10 1 n.s.
No.6 3.80 10 2 n.s.
No.7 2.50 10 1 n.s.
No.8 6.80 10 3 ns.
No.9 1.67 10 2 n.s.
*P<.05
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Fig. 6 Length characteristics by semantic differential technique
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Fig. 7 Cane’s weight characteristics by semantic differential technique
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Fig. 8 Grip strength characteristics by semantic differential technique
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Fig. 9 Vibration characteristics (Tip-Shaft material-Grip hardness) by semantic differential technique
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4 REBRLBE

AWZECITAEE O FFRII T 2 At ARG R ENREH A ORIER UG #2572, £ Ok
R, RREEENGHABUCBET 2 EERM A A5G-, AR ARRICET 2GR GR 2) o1k, 2FE0E8
RECHH SN TV D FAELORITERD 62.7%% 5D DRERLE /20, — RIS ANMER LT\ 5 AftoRX
IR EE Dol 2 b Fe, AMOMEIZBE L UIT A I =Y D WUNG T T AT 7 A R—Hl L 3 —R
O NWMEILEDS TEZ ERHLMNI STz, ATV, T4 7 Ry 78, <y v al—A
Wi EEMEEERIBANGFAEL TEY, @IS T EARREREES LG LEWRN S ARAMTISE L= b O
EPRELTVWD. LLARND, BIEOHEEBRSIBWN IRV ABINER SN TWD Z &R SN
277,

MR E IR AR ORER ORHEIZB W THOE B L T, lEE LW R RREE IR LT,
HBREISCTAMOE S 2 TE 2ENLETHD Z EBHALMNNI -T2, T2, TOBRORE I ORI
ELTE, ek, ARABPMORESZRETIERICHNON TV D [HA B CENL LSBT, K DRIk
LV DLE PELTHWD Lo IcBohs. $UREERICE L CXAEEN 200 g 22 5 & ARLOE/EME
\ZRS 5 Z LR E N2, (Rodegers and Wall Emerson, 2005) 5 X FRLDE & L EENAMLO/RT 3 —~< 2 AT
EORERETLO0Em U, THUCL D LEWARERWRIER T 2 L ERE O 28Kk S 2 ATetEn
b5 L ARG T T AR B O THIRED & A O EEICB W T ABEREEOFME 2 B 2 e~ 72, T OFER,
B A OBERITITAMBREEOFRIC R E AT Z LM L. 20X 5 2800 bl 5 0L R
EXFETLL0L VWD, Y T ERFBCELTUL, Y v T ORIE L HEOMIAE RN AR OIRE)
{RIEEMIZ BT D R OFHMIIC RE S BUHR L TV D Z RS MNIC2 572, (Kimetal, 2010) 1%, EELOFZED
FREE & BEHIEIC DWW TCER Uln. FOH T aRHE I OBtk & S TBRER 0 L 7 A 220 FEE & ARHRE 15 4%
WTDLZENEETHD ERITS. (LaGrowetal., 1988) 1E, AZEDR IR < a~<ufll B—T7RHhN
THOI S EEMEIZEI T 238NIV, ARERE D — 7RO A2 % [EEINIHTE N H D Lim LT 5.
AWFFETIE, EERAENGREEZRIRT 258, AZEOBREMEOBENDERT 5O TIHRL, FELET) v
DOREFE DRI EDOE D FIROBRCEE CTH 5 alHetE 2 o iz Lz,
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P EXHEEERAAREE, Y7 hOMEIY b REOHARNVFHEICHET I E&EE RS ROASE, 7V
v T BIRD D IRIMEEE N BB ER TH D LR ST, £z, RREERO BT, Akt
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vF e T =y I BRHOBRTND.
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T = 7 X ARERAAMOTEREBRIIIT o TR, F2, YV— e RA U N X TF T =L, H
ORI D FARAKIED AIEEIREICIBWTa L RAZ U R - avZ 7 b F o=y 7 L3RR ->T
W5 (Kimetal, 2010, Tz, 5%IE, Y—FRA L b HoF T/ =v 7l X HEREEREHAMICE
D ERERHHRRBR 21T 5 2 L% < OPBREITEHE L QU272 Z E RS HOFREE WX D.

E
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