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Development of Portable Color Discrimination System for Visually Impaired

— Mapping between Color and Sound to Discriminate Colored Pattern —

Mitsuyoshi MAEKAWA, Yukiko IMAI, Shinya HASHIZUME, Hiroaki SEKI and Yoshitsugu KAMIYA

Because the visually impaired desire to know not only color of the 1 point but also whole color on the object, we

developed a color discrimination system by the presentation of the sound which enable the blind to recognize the color and

its change. While the blind scans the surface of a target object with this system, it continuously makes sound corresponding

to surface colors. The problem is the mapping between color and sound for the blind to learn easily and to get the color
condition shortly. In this paper, we propose the Shepard Tone Method (STM) and the Trio Ensemble Method (TEM) as

this mapping.

Key words: color discrimination, colored hearing, shepard tone, trio ensemble, visually impaired
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Sound change suddenly . Sound change little by little .

Fig.3 Image to recognize the colored pattern
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Fig.4 Usage of beginner and skilled person
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Fig.6 Relation between sound parameter and color parameter
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Fig.7 Shepard Tone Method
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Table 1 Combination pattern of timbre

ensemble timbre A timbre B timbre C

piano trio piano violin cello

string trio violin viola cello
woodwind trio flute oboe clarinet
brass trio trumpet |french horn] trombone
string/woodwind/brass violin flute trumpet

RGB color space blue = timbre C
= 3 timbre sound space
green
red = timbre B
= timbre A

stimulus value = sound pressure
Fig.8 Trio Ensemble Method

BBISRE Vol.70,N0.8,2004 1119



HREREEMOEFTLLRAREOHRKE (5 2H)

BT BT L ENEENTHD. L, AIERESIIEA
ENRRENZ ENDLIBTERET DI LT LY. 22T,
TR BERR L3 <, Rk E 52 e ko, & 1R
I 5 O ZEREGAR & L.

{413 RGB OB ARG U T D720, filigE L T~
VT RRELIRD., v S TAEOEEL LT [FE)
L TREE BNEBZONDN, FeLo=FEARoEE 1 &
HOBIBEEINMZ 252 ENEE Lz, HRZRIETH
BTED [REE) vy BT L.

4.2 =BEFAXOBE

ZEEFAOMEEZR 8 D X 912, RGBIZ 3 DOXARZ X/
S+, RGB ORI mEICAREBOFREZINCSET2. 3 DO¥ds
Fix, R 1 OFLSFAOMREEEZERAREE Lz, £/, 3
OO ENRFE LFHREL Y bEHBT TERLRAD1T5M 3
BOMBIN LTV EE X, FHBEIZC(R) - ER) -GO)%E
BHS, s L.

W THBONT LV ANENE, A A =TT HONED.
MIDI OEBEOF &L, TREATETET KM% L < THHET
WL TRTYRNH -T2, 2T, EOEBETHLRUEE
LB Lo, FERO MIDI FEEHICKS LT RERE
(VA RO TREREEE NL-04) TRHIIL, ZoftR
F BEBROT BRI E RO THIE L. BRI 64 BT
Bl E87-. RGB 0% R4 r, g, b(0= r, g, b<256), 3 7&
BORHRE O MIDI FRAsElE Va Vb, VAO= Va, Vb, Ve<64)
eTne, ZEREFAILTOXNTRTIENTES.

Va a 0 0)r
Vb|=kl0O S 0| g
Ve 0 0 yA\b

€H)

(k: B, a,p,y: SERAERE)
ZOFRNHE, B—FEWT LT XLEHFE L. 0
TNFY XN CTEBRINIZEZEMTH MIDL A vE—T%E
pcl, MIDI EJRICEE L CHEAHAET S, Zhucky, ERE
B LD B RE AR TE 5.

5 B R R

5.1 SEEREM
HREE e ZERFROEEUC L, LT 2 FEfH
DR TE D EMGRET D Z L2 AL T 5.
DEMEEEEE )
T T = a3 v LR AR CRRRET .
2L TREET ]
A B BRSNS 2R LA D, TR TENE T ALANIE
EAIRENTTHRET 5.
5.2 ZEEXFIE
Y7 VER9 O X 570 10 FEFEE HE L, BLFOFIEICHE
STHEM L., EWREMEX, ZERFROWTR R CFIE
T, MEIELFEC 5. BB IE 10~30 ROIFIRE 8 A (B
PE5 N, Zetk 3 N) LHHTERER 2 AB0 Rk, 50 BN
T, BIREFIIZERLEZ LT DV, FAfCaMR, —FaE,
INERG: EOAOBEERB L OF LD~ v B 72OV
LT
DEEFANE LT, FUF AT 10 T2R L, S A
LTHHI.
(2) 10 e DH > T MZANTDO~B D TIE % i3,

1120 BBISREE Vol.70,No.8,2004

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10

Fig.9 Colored pattern samples
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Table2  Recognition result by using Shepard Tone Method

&"i’iﬁmmmmmmmmm&zﬁg
e | | o m| @ | o] @ oof e @ | T
1 |stripe Ol O] O] O XT O] O O] O] O 0
2 |gradation O] O] O] O] Of O] x| O] O] O EY)
3 | gradation x| O] O] O] O] O] X| O] O] O 30
4 | gradation Ol Ol Ol O] O O] O] O] O] O 100
5 | stripe Ol Ol Ol O] O O] O] O] O] O 100
6 [stripe X O] O] X] O] O] O] O] O] O 80
7 |stripe O]l O] O] O] O O] O] O] O] O 100
8 | gradation O]l O] O] O] O] O] O] O] O] O 100
9 |stripe Ol Ol Ol O] O O] O] O] O] O 100
10]gradation O]l O] O] O] O] O] O] O] O] O 100
correct nmber | 8 | 10] 10] 9] 9] 10] 8] 0] 0] 0] o

Table3  Recognition result by using Trio Ensemble Method

&‘?ﬂmmmmmmmmmmﬁfﬂ
atton | @ | m| @ e ool @) 6|
1 |stripe x| O] O] O] Of O] O] O] O] O 0
2 | gradation O] O] O] O] O] O] O] Of O] O 100
3 | gradation Ol O] O] O] Of O] O] Of O] O 100
4 |gradation O O] O] O O] O] O] O] O] O] 100
5 [stripe Ol O] O] O] O] O] X] O] O] O 0
6 [stripe O] O] O] O] O] O] O] Of O] O 100
7 |stripe O] O] O] O] O] O] O] Of O] O 100
8 | gradation Ol O] O] O] O O] O] Of O] O 100
9 [stripe OOl O] O O] O] O] Of O] O] 100
10| gradation Ol O] O] O] Of O] O] Of O] O 100
correct nmber | 9] 10] 10] 10| 10] 0] 9] 10] 0] 0] &




iz beﬁ#ﬁmﬁ¢ YT 3 B h A & AR
THEERE DN, W, AOBER TGO 7 LSO
WD LT INBENELL, AP T 6 & CRlikEE 7 75—
/a/kn,h Bk A BRE N, TSk L, ZEEFAT
%, FEOEICEvilsEtERmL 2y, ok RiERE
Uiﬁfﬁoﬁ. Plkizcky, Z\ERFROFVELEEZ D50,
MRERESALEOWIEERTH S Z & ben IR S0,
5.3.2 (AAGEIRAER & BE
%1ﬁﬁ@ﬁt7%%wfé%%ﬁz SR DIEERER 4
T, F e, AT & OKREIZ T 5 IEAROE{LZE 10,
1 Rd. MERREHET T, %I%H RAONEWEE, BAE
BEREPEL poTWe, HERED 2 NiX, FEIEERS) TR
v&w@%mﬁi@%w@mmﬁot.mﬁﬁﬂm%éAsu
FEAETEMTH o7, FTHENGEEESEL TS0
ERERIEHEN OFE VAT E, BT o7k o Th 5.
Eéﬁﬁﬁfi % 1 3RAMET 90% %48 2 DB 1T\ 2o

7o, UL, ERERIERES OIRBERE CITMEERR G R ALY
F%U‘é@ﬂfﬁﬁé’ﬂ— LTHY, HERORE L Y HEE O o

TIEGTHD Z LR35,
IEIRFEFE TR0 MBI [FE=>04) LEENTHD,

EHRERERR I OO N TIHIEREFE XD 000 9 e v )

Table4  Correct rate of color name when sound only present

TN Shject [ M| 2| S| M| S| A M|B| B
Method itch] | (31| (41| [61) [71| [91] 91| [91| 101 (41| [6]

Shepard Tore Method | 10. 1] 21. 4] 14. 3] 39. 3| 3. 6] 46.4] 53.6] 96. 4] 28. 6| 60.7

Trio Enserble Method | 21.4] 32. 1] 42. 3] 32. 1] 39. 3] 67.9] 39.3| 78.6| 46.4f 71.4
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Fig.10 Correct rate of color names by STM
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Fig.11 Correct rate of color names by TEM
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