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Abstract

The subjects wear the glasses with the best correction diopter of distant vision to read the near vi-
sion chart. The optometrist measures the brain wave signal as a judgment of presbyopia, and fur-
ther combined with the examination of the trial frame to complete the application of brain wave to
the establishment of near vision measurement technology. The attention and meditation curves of
brainwave signals were used to determine the diopter of near vision and the diopter of addition
required by the subjects. This innovative method, which combines brain wave measurement, ex-
amines of subjective refraction and examines of objective refraction, can obtain the best diopter of
presbyopia. The single pole brainwave acquisition device measures the forehead brainwave ana-
log signal of visual response when the eyes are stimulated. The electronic circuit converts the
brainwave analog signal into various frequencies, and the attention value and meditation value
are obtained through mathematical operations as the most suitable addition diopter for the sub-
jects. According to the experimental results, the measurement accuracy of presbyopia is 0.5 D.
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1. &g

NERIG W I, AR A TR —, N R S I aERiE B2 5 R L KWL,
HIUR R A AR IS 70 A R G LR N AR BT O A B 380, A 5485 ot S 4 & A
RGBS CIZHHCEA SRV o BRI PSS & H AR eI T Fe b B, 255 LB a5 &
BOCAHSATINEAR, Wndeyek . PIIRAEALRE R 55 SOZ I IR i 3R %, eI HL I8 VL5 HD 45 Rl i
LB, DOB RN B BRI B 1. NSRHE AN, FrashiFAGE e 2HE i KR i,
NS Ul LR SN R p SN WS AP 9 =R N e VN ke QAR S i B YA M i (SR Ut i o/ S
Ker Ty AP KA, T BT IT R B HCES 00 H LRI A, XA M RE A A 25 58 75 fi Aff s
IREF, AERA A AT (R B TC e BT RO B, X2 AT DR AL A 2545 B AE IR BRI p i, KRR T
SR A BT B WM 5, I SR AR DR S 68 1 35 RS IR IDCHE I T A B8R, DA iz
i, MRS, feos th EBGR ST, W BRI . AT I T T LA
grs ARSI BN, ERIBLER ORISR T, IR R D SR T ORI RE e iy B G I
SR br.

TR LA R I M FH T RS A A s US55 2 BT . ML I % 2R s Bz i
2GR I[L]-[5], = 2 AT rohs A RE R AL SR B B A S A3 54 R A R e AT B, DA T2 H
JhAs ERe A B I H KA RS2 55 71, i JERAL SR T7 SRR ST H . IF SR A 2%
SRR AT ATENE ST MR . N4 S RS N B IR ET TR TS a8, PRI R SR
Pewt e R TR T S A 2 W AT, R R S TH AL D i S 4R v B R A, X R
AR M AT B T A PR o R Ak 2 A p 5 AR 7 AR R R A A S A RE ) T RN L, A AR
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g SRR NS, HRAFIT NI, (kSN 2 BRI ARG AR AR
2. |RIE
2.1. IREGHOBETS

— MRS WG 2 77 B AR, PIRAE 6 2 RAM R R (lens) I TC AT 2 RS, TR T4
BEZEBESS 177, VAR IERLAR (ametropia), ik NBRERZE M IR AT 55 )5 F5 B A A% T 00 JES B B3 1, R
N IEALHR (emmetropia), KECRT /A=, V& TG 7 A ARER, 3 TR RS AT 5 9iIEAiR, HRBEH i
B E B R BB TR IE

1) IEMHR, BIPAT LR AR TE PRz AT R 15 B vl ifg TAR I L, & 1 B o

2) JEALAR, BISPATYLRAE ERRIZE AT VAT, MG TE T RT T, Wikl 2 Fios.

3) AR, BI-PAT LR AE PR AT AT, G 7E TR S 77, a3 flw.

J 6 (Diopter) Jy 2 7 62448 11 Ji 6 Ji(refractive power) &4z, —> 1.00 D (8 H FoR 47
RETHERESEF—ARQmRI Ty, 5 JEE 7 (refractive power) ¥ 22 =X 7 [6].

JE 71 (power) =1/ f (m) (1)

Horp FACRAERR, BAONAR(M). — DRI RS T AR R34

RN
Figure 1. Emmetropic eye
1. EMRREE

W

LRVNEN

Figure 2. Myopic eye
2. JEHRAR

EEEINEN

Figure 3. Hyperopia eye
3. mARAR
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2.2. RIEY

IRAE AL 6 ARG J7 MRS, SRARTEAUBAE TS, AT RIS EIE M s (R YALE 6
QRIS Pk reg A FFRREY HOR, SR G BAE TS 77, BT AR BETE AR — AR
(SR, Fd SRR, (VARG SR T MR EIE iz 218, 40 2 2 G R SERRSS, &
T WA ANE R, X E IR B RN R T DRI N B, 1T 40 S HTIAARE IR, ANERILEE
HTT LLEAHEE . AR RS 3 AN, ALY R AR TRAT[7] [8], MR .

1) FEEFLY

HEILE TR, CAg b NIRAIDG &, 30 H I IRIESL I 4E /N, O T e (g 22 SRR = .

2) fEE

TR N FRIRER T, B SIR BT TRy, PR ERTE A USC B A i) S 7 58, AERL S b7 AR
AR, BRI T AR AR FR

3) R

AR, R BR 0 JE 6 R 70 BRI EIRAARAR D, RGBT SR AR AEA M I b, 3T R A e i m] 1
DFN W SRR T BE I HBRTS, SRS ARS8 AR TT, BEETE A A S — s (R B AR R I R
SR AR T B D' RE 0 B DU 22 (diopter, D)RE R, B TZE G AR BRI B . Btk
PR R EEE RS 0.4 m &b H bR, B DALKIS BT 2 15 7728 2.5 D (/0.4 m = 2.5 D).

AR TR T (i e, 7RI, HBRBIR AN, B Lo, S5 SR B s
Ay, JE IR, FEFRARRIE TR T DIE R E W, BIEN IR T E AR, v T RO
R, BRI AL TR ARAS, IREE S R B 2R

B R IR, SRR TR T B M AR, BRI ThRERAET, RIATE RS, TRt
18R, KA 40 om 7 B BN A EANGE, N T EHERE B, a8k Hirvis E i
B, IR ERREARIR, AR FREAEHR, X R T DD RE AN R A 7 L IR R B A 77 R s, DA IR
B ANE R KA IRIPIRIL. ] 4 2 IR R 2B, Z IR AR IR T SUG S TN S 77, 2R
PUES R HFIEZ G, g sk TR 2 E.

pili!

EFMP

RN I

Figure 4. Presbyopia eye
4. ZHR

LA 5 MR DS v] e R T ML R Pk s ARTR] R g SCDUAN T TR R A LA 36 1 i 4.

HIX % ¥ 17 (Accommuodation).2 Ty g 252 R K 5 dietR 18— 72 e, N —TEFEL0N 6 2RI LY,
BERIR TG R AL T Ik S HLEIR A2 18], HAADIm 2 =AM, WERRIL. SR A 2,
HAAE “ AR EE YA ROy BRI RE AR K AT 280, 3 iR AR A AL, Bildn ok
LHNERT IR, XFETCIE RS, RV RIS N A B AN RE 3 SR AR 5 1 ™ A2
ERIAL, 55— Jr O SRR BAR R BE A, B SR DR LR R B R T 1) J AR g5, ek
HORPEIEH MR DhRE, ASRIRERIARRBEE FL AL, DU+ RHEIT e IR A A, U S opR A4
AR 70, EBEE B R AR AR SE s 2 ADD (Addition) T 77 IN A\ Lt bE 2 #m, N+
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T Z R TR S N BRI SRR IR ETREAL, PR N R AN IEE R, 2
BRE—AMERBIS, BT MZAERYEIE, KB EMT I REFIE. SRR AT
W7 =15 4% = 0.25 )
it 45 % (T 11 15-45x0.25=3.75D , % 4RI RO T J AR .

Table 1. The difference of presbyopia eye and hyperopia eye
= 1 ZURSZAREXA

i TR R

vy ERTEOERE, BRI —HREORS, I SHEE—MENEN, FRTRERE, BEHEREE

= EBBHFIE. GiREL, FURIENFIEMAME.
SRS Sy, FFL ) S g A ‘ -

WA ﬂ/”*&MK%ﬁ%gu%ﬂumE@ﬁﬁ” BUDKEAIIAT S, O D TS BT A £

TR GRS, ENIREAL FPRE T, IR
NIGATHUE]  RIIANE, £ GRS o A IR B R,
BT
— R MR IR A L AR, AN e AR IR
RUBE L WS N AT ERSIKY, BRIE LR
TN TEZI AL 71

AR R B BT BRI 24, BT ERBIER, SR
PRASRE, FPETEE, A DIRER . WHEIENZ A

EACI T R A FUBA, {HP i A%, FIETA
SO T3, AT AL

2.3 BB BRI R A

AT FEAS ARG B A 2R AR N SR ATIi (5 5, IR E BRbR i R, K Ak
06 B T A AU S S E NI HTAES A FPL A, DARREURGEAS B, 1275 f o 2 ff FH -2 1 AL /04 4E
BRI AR PP S FRL 2 R A 512 YRR I %k B Eds RAW EEG 705, fiiaik
th—2 Long data, 1% Long data Z(#& 5 N 205% 1 & MBI 0 . O B a . B y 55, UULH a
5 BT H 0P B (Meditatiom) S5 A B 9% 73 BT HH %3 P (Atttention) - [R] EH33 5 7550RA 43 791 A Atttention A2
Meditation A&, XLCEE T DL BhFe gl & b 20 Mk pioiR S . VB ERT 1~100, 1~20 A™
KT, 20~40 NIRRT, 40~60 Mk, 60~80 A T, 80~100 A&5mZUITHH. MK IEXANHEN,
IR B B A T BT N AR BRRAS S Rt 22 2 e 81[9] -

Table 2. Brain wave quantization index corresponding to physiological state

2. MoK B IR B R B A RIS

BEHUE “F (Attention) JEFA (Meditation)
1~20 = % 1E AR g 3 S AEA ¥ A8
21~40 Gr0E R K T 4 P sh B
41~60 e =L eh JSORA FE vh 1
61~80 TR e T TR BE
81~100 HEE JEURA FE

BN A AR B (A R ) UART RS-232 &3 47 4& 8 5 3, HARHE R i 22 3 Bigil.

fE4%HE Raw data /2 Long data 356 P9 2560, % 45 Sk i (Packet Header). #i#iE K J& (Data Payload) £ £
fith(Payload Check sum). Packet Header ##f (124605, = ZE/E NERHFRE FH, iR AR kA5 IE A,
Ji THI R BE B A <> 0% . Data Payload W& 37 5 [T BR Bl (1) 085 £ 40, 5% J5 1) Payload Check sum JIj &
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=¥

P BHERIARZ xS, R DR IR i Bt /& 75 IEF o 1% . Raw data 55 Long data T4 (661 A A4 1

4% 4 535 5 Fri[10] [11].

Table 3. Transmission communication protocol

%= 3. RIE RN

RS
fifl % (Baud rate) 57,600 bps
4G (Start bit) 1 bit
HHE 7 (Data bit) 8 bit
{5 167 Stop bit 1 bit

FRALAR 75 (Parity check) none

14 5 A A1 {3 (Attention) 5 U4 (Meditation) 30 {8 & £ EL7E Long data H, A2 it B 478 TR 7 3
AT DAAREC R % Ssoba Buft o BRI FRA K% TGAML 8 4 L Pin1(GND) 5 Pind(TXD)H] B £k $i i, ix
BERL AT LA R 1 TGAMI A3 HY 1 B .

Table 4. Raw data packet content

% 4. Raw data HEAE

K HEX {f RS
s AA+ AAH ESRaN Sy
ERERIS R 04H B 4 Bytes
PR 80H HR R
E/aN R 02H B
RAW data 00H~FFH 5 8 bit %k}
RAW data 00H~FFH 1% 8 bit ¥k}
R 00H~FFH ) i B4 A
Table 5. Long data packet content
= 5. Long data SHEAE
K HEX {f LR L
s AA+ AAH ESRaN Sy
FAK LG 20H HAKSE 32 Bytes
WS 02H WS
W B H 00~80 H W B R
PrRg 83H LONG EEG 4 #FiH Y
K LAY 18 H LONG EEG % K&
Delta Zk} 00~FFH = e AR
Theta %k} 00~FFH =y AR
Low Alpha % ¥} 00~FFH =R E T
High Alpha %k} 00~FFH SR AR
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frey

e
Continued
Low Beta %4} 00~FFH =g AR
High Beta %} 00~FFH SR AR
Low Gamma ¥} 00~FFH =5 R
Mid Gamma B4} 00~FFH =5 R
Attention 04 H Attention HiHAG
Attention 00~FFH Attention FE R}
Meditation 05H Meditation #iH 5
Meditation 00~FFH Meditation 7}
aeR (L] 00~FFH F e ol £

AR S E T A A1 LI [12]:

1) &iE

LM ENR R #R “RE” B ERES7 MBREKF. ZETEEDY 0 #] 100, M/ LiE
— AN AR MR R, FEEIKFS RS, UZBITHE, ERAS TR

2) HZHEASI 500 Bk

B P AL, AR R RIS R N R R, BB R, SR “IR7 IR, TR EUME R

3) fF5

RTINS S R R AR . BTk, P R DA IS S R A ) DEH S5 5

4) JEA

JBORA R /NSRRI 2”50 <O RORE#KT . BTG 0 3 100, JB0kA 7K St {3 ]
B T ER, AR O A R EUE A

5) fh kA Hefiir IR

AL A 2 AR SEM R b, AR R A I SR A — A3 AR Ik, e B R Bk R
R E MM SR EEES. B4, REESHTHTEIERAE S o5 5. FIEES LR
B IAME S .

LIS SIS 5 EAE 0~100 WX IR, o WIESHIEEA S, 0 F) 65535 MEHHHKA. K5
JEIA(E S R BERE A, R e 7 B S — a2, DA T R KT Bt e 0.1
Z 1.0 uEAIE— AR T

X'=[0.8(X -b)/(a-b)]+0.1 ©)

Forh XA gE B X BUAE S E . a BUAE SR b R UA1S B i/ ME
3. R4

B T2 T R G B R AR TR GEBeOG B A PR SR R
HEREDA T AL, 1 5 P ik T 2 IR & R G0 . 52 he & PRI T ALbsi , 2ok
A st O IR SR A FUBURN B 5, R R S AR IR A AR T, BL T T A 0 o

PRI FE AL i 20 0 RE 7 1 e 5 3 0 A o 22 B /N A, T B /N AT A1 2 (Minimum: Anglle: Resolution:
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Wit 45

MAR)FRH 1 73 AL T A E bR vt 7 R ARAE AL A SR e v, WA S 2 B 00 B 7 o e DA 0 36
Ti AN bR dE, A TR SRR AR AL AR . E chart WIEFEE N 6 m, 3. Je% LR,
C chart WIEFE 5 m, ESAPIFAINAE &R AR, (2 E Wbs KNS C bR KANIIAE: 4 bR [
N 1.0 WK% 8.725 mm J2 7.272 mm, KUNEEAN PRI SR EGZ AR AL AR THSE, BT LA S i A
VRFRKG S () 45 SR TR, 4015 6 BT - Minimum Angle Resolution (MAR) = 1/Snellen (73%k) = 1/(20/20) = 1 (4>
), A=A B R S RE R /N 5 /0 MIFEES = 20/20 = 6 m/6 m.  F Hi T F AL 726 2 RS 7 00 R S
BESSORLERRE, BUAOR Yy, BBl s B At S U RIS, SIR T BT TR R e A, TR A 0L
T, NHREES H PR s B e NI BS PO AR, B —23 A1, R0 h— 4 fi N SR g AT BT 1,
MR FERETTEHEN TE] WK B2 ARYE LA 1) S B 1 [ 13] 6

WAL .
o[ | ot | ‘
A 5
:
i ,

RN P A L)

AL FE 2% I

Figure 5. System structure

5. RGHRM

A

Figure 6. Eye chart design principles
6. AT [RIE
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CLIGHTHOUSE "NUMBER" CARD
FOR NEAR VISION

LIMNE INCREMENTS 1N LoghaR UNITS

SNELLEN METRIC

EQUIV- PRINT

ALENT SIZE

20/400 8.0M
4' i 3 20/320 &.4M

9 5 2 20/250 5.0M
6 8 7 4 9 5 20/200 4.0Mm

359 872 20/160 3.2M
428 637 20125  2.5M
765 924 20/100 2.0M (18PY
529 683 20/80 1.6M
374 295 20/60 1.25M (12P)
sae 473 20/50 1.0M
vaz az0 20/40 .BM
noa aTa 20/30 &M (6P
- - 20/25 M
- 20/20 .4M

Figure 7. Near Eye chart
7. ERMAER

W77 ) (near visual acuity) e 2, KL 7 /) RAK FFE I VEA RN TE] S8k 77 [m) 5B i An #e, i
ZMET 40 cm LB AR, B EJ7T PR TS, AR R /MK HES, BRI eV A X
FHNIE, I JEREA s NFARRINIE T R U . IER T I T 40 em AbRERTE L TN
1.0 (20/20) 74k, E AR SIZRWIE 7 FioR.

3.2. BRI SAINE& Gt i

06 35 VS HERLASE P S 0 00 BN R OB A, i A5 5 R P AR B A N FPL s, S E RN
AL 5 HNBE RTINS, A% 22 Sk I I B B s IS Y 1Y) TGAML EEG 4038 7, TGAML s
FHATE S 2y 57,600 bps, i 4G MR (Raw EEG Data) Az &5 B i % #0 7 #{i (Long
EEG Data). 17" TGAML #ith 475 58 T/ME 5, DaFE i PRIE GRS G 45 6N137 i 4 B Hed B sk 3
BREHMES KA. RHTHRED, FOCHEE S 6N137 MG, B (B WS # RS LR AR 16 21
A, W 8 R R A BRI, #0 CHL WK TGAML i F i A 473 T &30 ) (1
W, BIEAEE/NAH 3V AL, W CH2 IR N &8 6N137 il i 9B E .«

FEPMELHE (Attention) -5 Uk (Meditation) $5E U 6250 51 Long data A f— 24 fif] 52 340 0 85 d - 75 9
R MHEAREE S AR R, TR R e U K RS (20 H). HEHHRL (83 H) A& HE K FERY (18
H), CAHIWHZZE ZRHE 15 0 Long data, #5 W7tk 3 284 IE A G 1%, W mT DAAR SIS T A SR (19 508
9 Pt AU i B i AR

T LLAMRA 52 B H KT . IREEEE S s R S A B . AW U —3kgmi% IC HT-12E
SRS IC HT-12D, Bhgiehd IC AT . Jr4h. IRDIFESEL A, H HT-12E 2wt IC 5 2 mT AR
%75 256 HHRGE , M EALEEAR IS, bl 1C 2204 8 % 5 4 A 8l — [FfE 1% th 25 . 24105 IC HT-12D
BRI, 2 o Loet 2505 5 B lieum BT 1 e H BEAD 2 S AR R, MBI A (Rl A 2 el 4 g, [RIE
AT DLk S 3 OB B R 15 R

DOI: 10.12677/hjo.2020.91010 80 R s} 2


https://doi.org/10.12677/hjo.2020.91010

5
&=
T

‘:m%

54 INETEK waw =112, 2ms Stop @ ™

R

2
<0 W] oy

| =2
| |

=

—_
-

7
71

G 2. 5ms ROLL EDGE FDC

B=2U “2Hz (201

Figure 8. Comparison of the output signal of the head forehead single point
brain wave device with the optical coupler output waveform

8. SKEPATEN S AR = K PN A 4 15 S S iR A SR i R LU

TGAMI ##%

HF R

wFEH

Wi EH 18H

R 33 E

'

RIS LIV RS L O
%33 LA AR

Figure 9. Capture brain wave data flow chart
9. HIENARR R AZE

4. SEBTTESEROH

SR PIER Y, B NIRRAE T S RN SAR A, AR BB 5 RO T i
MR, SRR B A E AR EEBGE 77 ADD IINEER, R T R R AR an P 10 BEE .
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4.1. SEIRIE

B E A R AT T R R RS A, A2 AERS 20~65 % PR 2H LUK 5 2R, A5 A0 Ik i
D7 VM R, B BRI AR B0 7 ADD N, R 7R SR AR R R .

B IR T DR B, WA 2 N (A 4) 20~39 %\ (B 4) 40~65 & AL, S B IR ER T

I

|

T AL

A4
OB T e 5 e A
v

28 7 S AN 5 A i B

l T 759 AR l
R B2 T o O M1 2478 T o
%, FIWAAEZ LR 2, HINTNE IR
P W 77 75
L7 B9

A 4
OIS 3 75 FEE KRN »
MEREATMAER

Figure 10. The flow chart of brain wave near vision measurement
10. RBGE A AIEMRIZE

1) fegiZabgot: B GROCHAE S WA 52 3 127 2 S0 R BUE R VAE, s Al
71

2) BRGERU: EEEGERCCEhREFER T AI£0.50 D A XEFESE, AT &, i
#3757 PD T 40 om AL BRI EHIIL T FRES R A MMEALRS , A 75 A AR .

3) MMGETT ALK E: KT REFEE M ARG, R B U B U R A T A Uk e ) Fpl
B, EDMCEEEE, Soath & s T L2y, FIWOE IR, BIgEN TR PR,

S BB IR AR T T A LN - R PRI 3 T v A PR R M R A AR R (A, S D PR R A
F:

1) it ZAIGE T I LTS -

a) PRSI CIIARIL T FERL: B AR G e T A DA SEAS 2 AL T FE BRI 7 MU I 2 fjetE
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TN .
b) HUAS U LI SO . B I HE RS 5, BUS SR F R [R1E 7 FE RO A T ALRR s 2
LR Sa 2.

c) it MR A7 INNEETE I - I v i 2 v T ok 2RI, AR 2 A7 1 il 7 e 4
BEALAE TT RS LIRS TTEMORAS, e A A T8 MR J7 I FEE -

2) WAL T AL -

a) ARG T Ty S X AL I L - LA e 7 el =430 7 WU BERE DA Bl 35 X R e
BUEIT T RAREE RS 36 om 2 44 om, 17 Al SE A BRERLI 552 X RIS 7 WA 2 i I EE IR

b) EAS AN IR e ith 2 55 T8ORA 2 B T T AR, IS A2 AR AL D 5 X RT3 7 MR IR 22
B 25 O Hh 2 22 I I8 £

c) WS IRAEEVARIE T I : 24 S AG 2 B Bl 32 DX 1DSE 5 A0 s HL M Bt e 50 - v oy
2 T BRI, AR S2AG 3 AR 75 Bt LI 1352 X T30 7 MRAR 2 AL il RS, e Al ke il
77 BB IX ) 2 e R E AR T N B

NPT iR AR Bt B UL, R AT REAE SR 3 AL T B D BT IRAS T WL 2 AL
I R o R T v v TR R, SRR S R S AL (T, R SE
RERPOATERE . Rz, AR T 2R TR -, 3R 524638 A% 52 AL 2 K
RUBE SR A S NN o A0 6 37 WRE e it 2 55 TS th 2 T B2 R P 81

Table 6. The expected attention and meditation curve of near vision

= 6. IR MRHAEE I E S hM L

T Nt 5 STy e et ]
i8¢ S 7 I 2 TSRS Hh 2 I 2 IR TSRS th 2

4.2. RRER T IR

DA AT 7 40 s A e B A G B 0, 3 ik i 5caie il 2R R R I W 32 4 o 2 5 A 2 IR 2 15T -
RBRTE RTINS I o e B 2 AR B, FESE U R C 1 IS, RS2 R PIEREE., b
W52 4 35 B O JEORA R30S P00 A8 30w 77 5] 15 5 00 LA 52 A 25 3 7 PR 1 s 0 ke 85040 A1 777 v 4
I

1) A5 P 77 B BB A T MRS VI 10 BB, fn P 11(0) B Ty s s i s . BREOSE A i
WHARE, HULHIMELIERE, BASEIm k2R K2 ()X,

2) 55 S A R HR AVED 32 R A3 AT T — 2SS, e 10 BB, A 1L(ii) Al R
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Figure 11. Schematic diagram of brave wave measurement in near reading
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Table 7. Addition reference value of for the age of the presbyopia
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Figure 12. 25-year-old visual brainwave’s attention and meditation curve
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Figure 13. 50-year-old visual brainwave’s attention and meditation curve
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Figure 14. Schematic diagram of brave wave measurement in near sharpness
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Figure 15. Schematic diagram of near sharpness conform
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Table 9. A comparison between the this study method and the traditional examine of presbyopia
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