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Asynchronous Color Shift Keying
with False Color Avoidance for Emergency Communication
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Abstract: We paid attention to Visible Light Communication (VLC) as an alternative communication tool
in case that the existing communications network cannot be used. Since visible light is used, we can find
out the source of a message signal, without using any devices. Moreover, we can receive detailed message
by using dedicated devices. It is important at the time of a disaster to tell that we are asking for help, so
characteristics of VLC are effective. Previously we proposed the new color-shift keying using 7-colors formed
by additive color mixing of RGB 3-color LEDs. The CSK, however, has an issue that some false colors occur
when using low frame rate camera in dark environment, and it brings to increasing failure ratio at receiver
side. In this paper, we proposed the revised color-shift keying with false color avoidance and a new method
which estimates a correct color from a false color. We implemented the prototype system and evaluated it.
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Fig. 1 Basic concept of proposed system.
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Fig. 2 System architecture.
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Fig. 3 Frame period time T; and exposure time Te.

Te
Cadt=KAtCy + K (T. — At)Cs
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Fig. 4 The 3D graph of observation value in the RGB color

space.
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Table 1 Transition between two color combinations.
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& G OWERE Yellow), C=G +B (G & B OINiER
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W =R+G+B (R, G, BOWEREME White) 42, F
7z, FH, MR & 13 Magenta & Red OFF b 225 2 &,
B(M)R & & Blue & Red DH A & 7% 1) 35H T Magenta
W22 EERBEL TS,

# 1 »5 R(W)C, G(W)M, B(W)Y, R(Y)G,
R(M)B, G(C)B O 6 O MZEALA I THH L T
W ERFET AR H A, 7272 L, Fi 3 HEHTAD
&% B WIIATHIZE TR Y & LTHA L TWwb DT,
WHEEEH O 0 UOMETE, Bad%E LT
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Fig. 5 State transition model.
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5.

Z 2T 4B3T (4 Binary 3 Ternary) %5 bhzc &b,
D 4HiD binary lEDO D72 F Y &, 3 HD ternary [HD
P E VISR A. $hbb, i FFHO ternary [HD
D72 FE DL (tgiatsioitsi)y 1<i<n) &%5b. 72721,
ternary (% ¢; € {—, 0, +} £ T 5.

KIS, AR CTAE po,p1, -+ ,ps 22D 75 6 A E 2
b, FLT, po xOIAIE L LT, #ET— % D ternary
N 1 3 HOMEDS (+), 7% 51340 121 DBEDTHM py ~,
R (0)5 % 51 3 DBEDTEM ps, ()5 & 515 DHED
THM ps (BB 2 (B 5 M), KIZ, £ORE) L7THR
Al % FEHE |2, ternary 410 2 FH OMEIZIL U CTHEARICTE
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FE D YT, BT AR, G, BO 3o LED % HIT &
5 I ET, Bk v CSK EREIT). 2ok
VAL, 3.2 HiTh~7 R(Y)G, R(M)B, G(C)B
DHAEAHMILL v, £72, White 1, %57 — % D bit
FIDEERMG & R ER T Z/RT 70T 5. 4B3T @
binary & ternary O T 121, 45 ternary fEO H I
gL 5B &) ITHKEFE L Twv 5 MMS43-Code [21]
ZHRHT 5.

P(i) =

3.4 BEAGBHEHRXEERALKX

3.3 HoEHRINIZTBWT, R, G, B® LED ® ON-
OFF RIEZ EHT AR MV S =[S, S, S,|" 22
5. £#%%#I$ LED ® ON-OFF IKfE#R 1, 0 TEHT 5.
72 Z21E, Magenta I3 Red & Blue DINERETH L DT
Smmagenta = [1 0 1]7 &% 5. Z® ON-OFF K230
WTHIEl S 72 LED 2 4 A 5 CHET 5 &, INERA S
NI X T ENE, 22 THATHHITS
By VEBIEY =V, V, V,]T &5, 22T,
V %5 ON-OFF IREDHEEMH S #5K0 2 Tt & F 2%
25,

S5=F(V) (12)

EBIHEZTOBEIIBVWT, »57»LOR, G, B
DML B DN VR T VT[22 L, V EDOR
BIZE) S 2w T S,

HRXTTHIE L2V %, RGBZEM LEIZ7ay b5 L,
LED OffEE, 7 2 7 OEEEEIC X )RR L 2F4T 6
ROTERAEIY » TUVDEE o 2BIRE 2 5. RRETFE
TIiE, CSK CHiHT 5 7o EMENRY F L& OFEPET
HeE$B720, HEEORZ VPRI L CTEHELTWS L
HEENNEEE 2 5. 22T, JeATHIZE [5] TIRE L 72 IS
THRTEIC & ) LRy NV OSHERLT B AT 6 TR R, &
FHER T MV E) LG THAENBEWICEMAIZE S L
RIS L 72 V 2 WV CEME I X BiEE %
179 (F6ZH). V & LRRDO THOIEENY ML LDk
OB UL L EF L, TOMI R E % B HHENRY
FVE S ET B,

PbEaF s, Phix Fi
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Fig. 6 Reference vectors of 7-colors and V.

S=F(V)
B o) if V| <e,
argminZe{Bﬁ,R’é’My,W} |V — Z‘ otherwise.

(13)

Yk, 12150, e 3T O LHIT 5720 0MEE 5.

3.3 HTR(Y)G, R(M)B, G(C)B O#lA&ExfH L
BWEFHRAEARE L72A, S ZbEAE 7L — 248
HoOTNICL 2 B008E2EE I RTsZLdTER
V., FIT, BB LA b s b0 E
WETAUHEZBIMT 5.

¥, oA, X (13) 1BV T |V - Z| 2RIME X
WREL o254, bbb, $XRTOLEERS M Lh
SOEEARKE N ETHET .

X @) 1BV, AL (T, — At) ZEEMIZELS
WL EDOV, ThbbBaoxs MVELERE, RGB 2
B lc7ay b3 5B Cp LEE Cy DIEFEL i
Ry, Tebb, 6 BT B RO LA E 1S
—H%T B, 22T, TOEMEEHWT, V OEEEMHEA, &
O 2 f [ O JERE % b SRV AT b & B LB o6
THEET S

X 6 O FRIZBWT, 2 0B % A3 12 K&
XHAH 16 ROFF 28 Kb 575, REHROBGEICEE TN

BY, RW, YW, GW, CW, BW, MW ® 15 KTH 5.
T, BUMER LR L 72V = (V,, V,, V,) & Ol
d(L, V) D /NE T BT L 238 IR B, $0 I SRET &
ML, EORs | O ICAHYS 2 MR Y MV Z4, Z,
WRETEDLDT, |V - Zy| Db e h Z; ® BAT S
L5,
RFEHNIFERPOERFXTH 2720, hutnrziit
LZk& M) HELTS 2EERFIEICEEST . 20
851 Sy, 8141, Spn, -+ B 5 ITIRL72 6 HIEOTEEIC
B SR T, BHAROMOTNET ternary HIZHZHE L,
MMS43-code T binary fHIZEIC Y 5. F72, White &5
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Fig. 7 Configuration of the transmitter.

F 2 LED 71 oMtk
Table 2 Specifications of the LED light.

EER] AC100 V~240V
HEE 10w
LED#t | 76 {8 (R32{E, G258, B19 &)
A | 1851ux (Im B¥)
AHJ11F | DMX512

EF— 5 ORIE, & TOXYY & LTt 2.
4. Ei#

REFARDOTU NI AL TV AT LTE, F—F—-Fi&
DT NJJ$ 5 LD RERIEIE L FET B HEiE % 2 i
Lot ERESEE, € L CREMREDLZIRETE L H A
TEMA, ZELETZHEHNT L ZENREDM S H
BIhb.

4.1 FERAEE
EEMEEOBBEMEXR 7 1287, R, G, BO 31
LED ##i% L 7- B\ A HBHH LED 7 4 b (Alkalite LED
Technology Octopod75) &l L, #&HEBGIHHO®E
B TdH 5 DMX512[23] & fl v TH A LED © ON-OFF
#2479 2 & T, 3.3 Hi Tl AT IR - TEE
T4 (R2%M). FHLAZLED 74 M3, BRI hTw
%5 R, G, B®OLED OE¥S =7 > Twb720, Kol
ENRRLZENFMESNSL, Lo, i [5) TR
F LT EBARFEIC L) BHERT PVOR S 25 L i
ZTWVh 0, BEFAICRIZTEET R,

4.2 SZEAEE
ZAEMEEOMEME XX 8 127" T. T3#H CCD 71 £
7 (kv 7 v 2 STC-TC33USB) L T¥EHCS~w > ML
YA (F vy MI3VM308) ZfEH L, 4HFA v 4 7 = —
2L LTUSB2.0 ZH\WT, 7 X JHli#l, 3L, #igr—
Y OFmMLEAITH LT, 3.4 HiTHRRFENEOHE,
HHOWEE$ 5 (R 3 2H).
FRARATEMHTHICHT->T, AT THRGEEI NI
2 RITMET =5 OFT, HOH0LOIRE LZEEO Y 7
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Fig. 8 Configuration of the receiver.
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Table 3 Specifications of the camera and the lens.

T 1@%?@%EYQ§
a7 vy 777 —CCD
fiR A5 B 640 % 480 pixel
ZL—ALb—1 | 29.97 fps
A7) TF USB2.0 High speed
fYabicl 3.0-8 mm (/NU 7 4 —T1)1)
BRARZ V) F/1.0

VO RGBT % V & LTHHEE LTWw5, 72721, &
ELZEH1EZ2EVDARTIEAATRLED 914 bbb
FTORBENLIZLIDINTCLE ) 20, ZOFRBS Y )L
REOZIE 7L VOTHEEY V ELTIRHAL TV,

5. &Vl

REFLEOFMMELZRIET 572012, WGl D v
LM & L TORFERN, BLU, ERICFIHREZEE
L72BIWER D 2 DDLMIZBWTZER) KOHIE %=
T-7-.

5.1 BEAIICSH T ZEE

B AT THFT B HEPANICHML & 722 2 PGS 20 V=
WIZB BEERZHIE L. RENTIIRERE2E
FEDEEEDE 2 ), RERIOOEELESLT S L
LT ECHBEL->TLEIHE (ARY) 258ET 5
72, RERED D 1m O O TEE 2 BETH 2 1 B O
EREID DI TE IR L, TOMBEEREm A 55
1.2m OFEEICHE L22ERTIELL. Sho%kkt
ZALEM T; % 40ms~200ms DOFPHTLAL ¥ T, %
B FELWPE L. Ty 2 TUE, BEREORERLIC
DLW L. FEET—FI1E ASCII 2 — FIZBIF 5 ME LT
95 LF (0x20~0x7E) & ¥ 4. TN HILATHZE [5] & W
—F&FICL TS, HRER 4 1TRT.

5.2 BAREICE AT
KFFeniEEld, KERHIZ EZE2RITTLIAY) I TFIC

ANLTHENSHEHREEETAZETHL. £2T, BH
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® 4 FOLBREE ZERY R (BEN)
Table 4 Relationship between time interval of LED light emit-

ting and receive failure rate (in darkroom).

| ZIFHRY E
ZAE# | (N=950)
ms
200 0%
180 0%
150 0%
130 0%
100 0%
90 0.5%
80 0%
70 0%
60 1.8%
50 2.1%
40 45.0%

X9 i HOERBESE

Fig. 9 Experimental circumstances (outdoors at night).

KB CGREMRELIE L7z, REMKERELS L ZE
FREXIE H T & ORI I 350 m o B & it L,
EERP O OEE LY ZEM TR L TERELL. 2o
B, A X ) MERORIRL B ES KRBT EMI
513 300m PLE, B8P 53 E 150m Pk
EEDLENTWVDEIERNS, N ITYDORITEEZ
350m &AHE L CHE L7z, SHUREATaTge [5]) & A —4
TRIZLTWA, FEEIIERIC20E/RL TWh., DK
S5,

1 H ;&R 14.2°C, REE 49.4%

2 [l H &R 8.0°C, WREE 43.0%

ThY, WIND HEROEAFOGERELZFHETTH 5.
ZEMHE SO R ERRER T L EE 2 9
WRT. AERRE IO THAZZHSTH
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x5 FEOLBEAILEM & 2ERD = (BIMERH)
Table 5 Relationship between time interval of LED light emit-

ting and receive failure rate (outdoors at night).

b Pl ZIEFR 0 ¢
AL SR 1 [E H 2 [A H
ms (N=95) (N=285)
200 2.1% —
150 0% —
100 0% 3.2%
90 — 0.4%
80 0% 1.8%
70 — 3.5%
60 — 10.2%
50 12.6% 8.8%
40 82.1% 58.2%

. FKERIBWTIE, BEEFTELORR K DR &
OFGEDEFN LT S EDHESIN L., EBEIEICE
WTH, BT AHEORB, AT 2 S E IR &
LTHET BEMPEL TS,

DX BENEEOBREEET T, WM TONIEM
EOREL TETHEL, ZERYFLWE L/HRE
x5 IRT.

6. E=

6.1 @{EMEEE

FTATIEDEBFER [5) LdbE T, ¥4, £5%277
W27y FLEbOEE 10, B 11 1IZRT.

FATHFZETlE, BN TIEREEB LR T, 25RET
125ms ¥ C, BYMERITIZ 400ms $ TEERV L LTHo
72O LT, BEFETIE, BEANTIE0ms $C, B
HMERITIE 80ms £ CTREMRY 2 LTHFETETEY, K
MR EETEREATSE SN TV D, T2, ETETIE, B
EHN, BRI E 2T, 2540ms TABIZE/LLLTWAD
5, THIIETZ L= L= T AT HHNNTWSE Z LN
JRIKCH 5. EEEFEM D CCD 1 X 71X 29.97fps % DT
T;=334ms &% 5. T, =T, ICETHELS BB L, 1ZITT
RTOT L =LV HPEEEMERIC L B0 s % -
TLEIHIOEEZLNS.

T; 2<% % LaBEHENEL 2 5. REFETIE, B
ZENTIE 16bps, EVMZETIX 14bps 127 4. {E# LAN
LT B L IR TIEH B A%, 1T 8bit & ¥
% &1 HIZ 100~120 LT a2 X B RELREETH S, fil
WXy b—VRETHIUTEMTRE L EETH 5.

Bl R EHEDO/S L LT, E—IVAHSDH 5.
F— VA FIITEETH B 72 0HAMILETE WS, &6
1 A ERhEE L ICER SN A BLAEENROE— NV ATE
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Fig. 10 Relationship between time interval of LED light emit-

ting and receive failure rate (in darkroom).
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Fig. 11 Relationship between time interval of LED light emit-

o

ting and receive failure rate (outdoors at night).

BOLVDS [140 75 FOMEEOHT, 147H 80 70
IE OFRSCRERE [ O8 1 43 100 7203 BE O RO HEE 12 &
B ENENL 5 MOF%EY H#ERPEEZE] (BRI
FHEBAE A GZO—) THY, FEREFEO—-FEL LT
TaFERICE 5.

R & 912 T; 25 50ms 135 £ TRAFRR D 2 10% % A
FL, 40ms i TEALTWDEAY, 30fps D—MFEOET
THATERMAT 52 L EREE LA, JERPEE T
BTN IEHICLDEFIGELTwS LV D, KT
JEDOHITENL, ZEBATHRICATTRZE 7L -2 L —
FNIATEMEHTLEZETHL. N EoE#LE HiE
T2, Bl E 7L =L — M ATHPNLELZS5TL
9.

F7-—HT, EEELO R, foZle EIEARICE
AAEBBLEBL2TNER S v, &, HE
FALI RS MR FRT A EFAMENT D,
ik [24], [25], [26] DR A SZIC L RD55, HEIC T, Off
RPET ALEND S,
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6 FLELIRN L BEsREE
Table 6 Relationship between time interval of LED light emit-

ting and false color occurrence rate.

b5 ) Ath At
ZACAEM | BEEIE | BAeE
ms (N=6,650)
200 1,540 | 23.2%
180 1,557 | 23.4%
150 1,595 | 24.0%
130 1,575 | 23.7%
100 1,584 | 23.8%
90 1,661 | 25.0%
80 1,630 | 24.5%
70 1,488 | 22.4%
60 1,439 | 21.6%
50 1,530 | 23.0%
40 1,533 | 23.1%

6.2 MEEMERICLZBEDTE

BE N TOEBFBREEZ D LI, BEWERICX 2BEO
FHEIIOWTELET S, BENTOERTIE, ASCI 22—
FORITEICF 95 307 (1 307 8bit) 4 D3%f5E % 10 [ fE
LTwh, ETFEFIB3T ZHVTWAE DT, 8bit I
6 Hi D ternary 127 4. 1M ternary X535 2 &12 1
M2 b L, X8 & LT White #5345, L7295
T, 1 XFEETHDIZE 7 HOBEDH 5D T, KE
N = 6,650 DFEBBEEATEGE TN TS, KIELFEORE
EFEdH S5 LodoTwbDT, EMRORENEIEND
e & s L Ctmntrz o v b L-ERETR 6 12
Y.

T; b FII—EDIHETHOIEEL TWD, 2
E, 7L — Ak T, & @ T, OFRICE L EE R
LA, 7L — B LR LRI IEME ISR L
T, FBEIZEIT 57 L —LIEET 5 &, 6t
BEALT 54 I 7E7 V=2 FNTT v ¥ L% iE,
Thbb, 3IZBIT B tofiset DD 0 < togiser < Tp D
HHTT vy anfliztbeEronsd, T5&, R (3),
H(4) IR L72E 9120 < toftset < Ty — T, OHPATIZE
btz EE L CHGT 525, Tr—Te < fofiset < Ty
Tl rzlETLI 825, DEOZ s, iR
P =T, /T; THREEZIHTLEEZEZONS.

RO SIZIZIE—ETH Y, HHLHEHEA)
BHREZHATNAED T, DEIRIFIEF—ETHL. £
72, Ty =334ms b—ETHhb. Ln>T, T; DfEIZ
BAFE TN — M Py TREZAUF L7 EZ LN,

T, % £ TIUTHE OGRS S OFR IR T 5 2
LHTEL. —FT, BEIUGOMEP, A EE 5. RE
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FHEILL o TEZFTOBBBEAITHRTEZ 0L L2
T 5ZLI2L-oT, REMOHEZIKSTLIENTE
NWEABNLDTREL 2 5. 41k, BT, 2~v=a
TIVRETE LM E VT, BOSERIET LI
DWTHEE L TW I LEDH 5.

6.3 BEERIT & DR

CSK #8fH L7723V A5 4L T 28mTHIF7Z C-
Blink [13] %% 5. Z A3t % il v sk 2 b & L
T, BB TNAATH LR EEEDO T4 A7 VA
EFHWTWA, LaL, T4 A7 LA WMHEONEA/NE W
720, BHECOMALBEL TWD, 2070, Kif
FECHELTWD L) 2 LB RITT A2 a7 5 LD
BEClX, T4 AT LA EEHOGEE B CHERET 5
CLIEWNEETH Y, F72, —RICATIRGHREEREZED S
AT TOZETHIENHETDH S,

RK7FONT A TYATF LBV TIE, GiEE L CEEE
DOFAEEHM LED 74 F2FIHT 52 L CRE#COME
EAMEEE > Twah, LaL, EHEMZHHE XS %
A, MATHAETAETIEIR (, BEERLHL
BAED X 9 (RT3 % B [27]) & RBRDALE D
FEEZTWD,

—F T, Fetx HIE R 2 m I O SEASFI H T RE T
HMTFITTRTH A, 221, RETE, EEE W
(Hff) LED Z AW/ ER B2 E R LTETWS, 7,
1#FTR, G, BO 3k W L5006k 7% m ki LED
LB L TVAE, EEAYE—UREEAY =TI DRIZ
MRSE L 72 5 70 RS PR BRBE & 2038 e fE e B HE L LED
B EITICHAA L Z e TEE, B AGEE LT
OFHMAFFCE, MATONAELIREE 5.

7. BHYIC

THEREDIEERBE~DBEHAZO L, KHEIZB
DR 122 & ORIERVE & HAR L 7RG IR e AE
FHROBFEITIY A, JEATHIZETIE, RGB @ 3 2 LED
OINEIREIZ X Y BRSNS 7 8% AT CSK R %R
FL7 LaL, BUOZENE 7L -2 loThic
O RET ARMMWERIC L 2BLMETH 7. F2
T, BERIMERIC X 2 Bm0558E LI v CSK HR o
EL BEIRAE LA ICIE LWELREEET 2 R
RRELL. FLTTO MY A TV AT LI L B EHEEE
rEML, BEUROWELHRE L. Ik, KE
FRICBWTOERTEESRAD L EEZ LN,

F 70, FHMEEROMRE LY, BEIsERIIFEBRELE
B 7 L — AW Tl { BRREIICRAE L T B i hEE
DD, BEAOMER EATTE T, HEM DA
CTHRETELI LR, LV ECEIEEE O
BECERETELMEICOLDDH. Ak, D EOKIEIZHD
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M &b, FHEAREMHET (L 2E, EFOLE)
TOMEREEE, Fu— 7 &% Hv 8B 7R T OYEREET
fiz%EmL, EPHomEZEho T,

B ARWF7EIL, JST A-STEP #HE% 5 AS221702488A,
B LU, JSPS BHIFE 23650029, 25242037 DB % 5213 72
bOTY. KWFFRO—EIE, (AM) @G ERF 7T H
LV EDEM 272 DTY. T2, ARFROEF
AHIEZT 7 LT K N7 ARSI 72 L 4.
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