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RESEARCH ON IMPACT DETECTION METHOD BASED
ON MECHANOLUMINESCENCE INTENSITY RATIO

ABSTRACT

Impact detection is crucial for understanding and improving the
performance and safety of structures and finds wide applications in areas
such as aerospace, military engineering, sports science, and automotive
safety testing. Traditional methods of impact detection include resistive
strain gauges and piezoelectric sensors. However, these methods fall short
in visualizing impact stresses, often requiring complex data analysis, and
face difficulties in accurately identifying the precise location of impacts.
In recent years, mechanoluminescent materials have emerged as a novel
direction for developing impact detection sensors. These materials emit
light under mechanical stress (such as impact or compression), where
changes in light intensity or color correlate directly with the applied force,
offering an intuitive means to observe and analyze stressed regions.

This research aims to delve into the application of mechano-
luminescent materials in the field of impact detection and proposes an
impact detection method based on the ratio of light intensities emitted at
different wavelengths. This approach, unlike relying on single light
intensity values, establishes a relationship between impact velocity and the
ratio of light intensities at two distinct wavelengths, reducing the influence
of external environmental factors. The specific content of the study
includes:

1) Fabrication and Mechanistic Analysis of Mechanoluminescent
Film Sensors. The study involved creating film sensors with varied

luminescent characteristics by mixing ZnS:Cu** and ZnS:Mn?** mechano-



luminescent powders in varying ratios with Polydimethylsiloxane (PDMS).
The distribution of these powders within the PDMS matrix was thoroughly
examined. The optical sensing mechanisms of these film sensors were
explored in detail, and a drop ball experiment setup was constructed to
quantitatively evaluate the changes in light intensity under varying impact
forces.

2) Quantitative Analysis of Impact-Induced Mechanoluminescent
Response. The study revealed a close correlation between the brightness,
size, and decay time of the light spots produced by impacts and the
intensity of the impacts. Spectral analysis was used to establish a linear
relationship between the peak intensity of the luminescence from ZnS:Cu?*
and ZnS:Mn?** film sensors and the velocity of the impacting ball.
Additionally, the study uncovered how varying the ratio of these materials
alters the color of the luminescence. A novel impact detection method
based on the ratio of luminance peaks was proposed, offering better
environmental adaptability and resistance to external interference
compared to traditional methods.

3) The construction of a multi-channel spectral sensing device to
replace traditional spectrometers. A multi-channel spectral acquisition
device was constructed through the integration of the AS7341 spectral
sensing module and an Arduino controller. This device enabled the precise
collection and analysis of multi-channel spectral responses from ZnS:Cu?"
and ZnS:Mn?" thin film sensors under the impact of small spheres.
Experimental results highly matched those of traditional spectrometers,
demonstrating the efficiency and feasibility of the multi-channel spectral
acquisition device in impact detection through mechanoluminescence.
Based on this device, a linear quantitative relationship between peak
channel output ratio and the impact force of the small sphere was

established, providing a practical and economical solution for the

v



development of future impact detection technology.

4) An image-based impact detection method was explored, which,
compared to previous single-point impact detection methods, further
expands capabilities in terms of two-dimensional stress distribution,
impact point localization, and visualization of the impact process. By using
a dual-camera system to capture peak wavelength images of
mechanoluminescence, a quantitative relationship between the grayscale
values of peak wavelength images and the impact force of a small sphere
was established. This method reduces interference from external factors
such as ambient light, compared to traditional image acquisition methods
that rely on absolute light intensity, thereby enhancing the stability and
applicability of experimental results. Additionally, the study also includes
a quantitative analysis of the relationship between the area of the light spot,
the compression distance of the film, and the impact strength of the small
sphere. Through experiments, we successfully assessed the impact force of
various palm and finger joints hitting the film sensor, demonstrating the

potential applications of this technology in the field of impact detection.

KEY WORDS: Impact Detection, Mechanoluminescence, Film Sensor,
/nS:Cu?*, ZnS:Mn?*
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XRW, PMEEIRARAET, ZnS:Cur* il ZnS:Mn> % H (1 K U H A AH H.
SO o B AT 20 I TE DTS R R 6 B I R S, FRATTR I F4 TR IE K
S/NER b R G BRI R T &, IX R ] ZnS: Cu R AL IR & 4 7 1) R
JEET ZnS:Mn> i EAL AR o X — KBS O6 AR I B 45 RARRE, BE— IR T
FRANTHE) 2 1) 22 308 T Y 1% R 4R 20 B A A DU ) UK ek A 2 A r ) T AT A

4.4 FTIEERIER L RS M5 %

R, ARG T R =R (1.5g ZnS:Cu?*F1 1.5g ZnS:Mn?")
TR I R S AL RS, 7E 52 B/ NBR A T ) (1 22 Sl G 1 e R, SRS T F4
(510nm) M1 F6 (580nm) JHIHE )% HI 5 Nkt B2 R] () 2t 5¢ 2R o X 4Nl
RS S BIRT R ZnS:Cu* M1 ZnS:Mn2* JH 5 A% B3 IR E K606 . it
M F4 A F6 @B R, FI 7 —DRAME, WK 4-15 fion, R0
F4 55 F6 Bt A LU (F4/F6) Sk i g Bk i o WIS (s 2 . % F4
5 Fo Hith LU SRR T 2 1) ok REBMTEMEI G G, K & 2 AP R
MR R X —RICAATIRAE T — i %, i 2t ik a3
P AU ) SR A DT A 3R A o o TR A S S PR B2 ) DR/

]
.40 |

w
2}
T
|

e 300 3 Ay S B

=)
T

2 3 1 5

T I (m/s)
4-15 VE(EETER S /N ER b s RE AR R R
A0 (2-25) A1 (2-26) X /INER AR i L7 I oxeh vl A Jekts 7 A= 14
Pl ST TS B, B TSR T R AL SRR A X S AN R ey A 4 R 0
(B IE LA AR o S ZRPERDE 34, 150 7 s B S R JD Z TR 2P0
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%, HFIAA MY =1.15602+0.00706X , %Lt RIS RS, HRMEZXS)
0.98423, U1l 4-16 Firn. 1IX—RAZNFRATIRAE 7 — s i e 1 R4 2 B (118 [E
JETE fay H LU SRR AL v e D RNE T i

.40

USRI ER DR YR -
EAEE e

1]

1.30 |

WA i S T A o L

10 15 20 25 30 35 40
i 71 (N)

K 4-16 U EEIE ) LS b JI R 2R TR SR &

4.5 KREBING

A RO RCR R T 22 18 Dl i R A 2 B AE ) BUR G i I Hh A A%
B2 H o i i B A ES B2 OGRS, S T A BUROG R A B N B RIIC R AR o
IR AST341 il ALK 38 A Arduino T M| #S M) EE 7L RAERE, Wi
ST X FIBUR GG SRR AT, #EMAICSE T ZnS:Cu 1 ZnS:Mn2 i £
JERARTEBR A T TR (4 22 I G ] 7 3K S B AR S G ISR B I A5 R B
JE 8. BB, ARTFAMGIESE [ 5T 208 T8 0 i K A 4 B A
JFERIAE R, AL T ZnS:Cu Al ZnS: M8 JE AL A% 78 /N Bk s o i 04 {3
B S /NER R ) 2 (R B TE B R R N SRR S T B b o G I A SRR
ARARME T — RS FH & BT %
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£ 55 ETEGKEELRPERNGEMR

0

5.1 5|5

AT B AR T BT EHECOR AR A b el A I 5 920 7E LA A B A A RSO 1 i b2 7
B iR Sy s AL 707 AR VR AN it i R AT ARG R BR PR A T 1%
RIDLFS AT RENE RG] b o R R AL L BTt R s N At O, I HA
BOAG A T . FEAR SRR EE TR MR BOR b, @ e
5 RS2 Tl 3 312 R A Sk s A PN RO B IR I BER AR 2D 0 fr 1K i
EBRB R K EEAE L S iy D Z T2k 2 o WEFCIE B0 45 1 X CBEm AR o IR 4 e
B 55 /N Bl i B 2 TR FR) 5 O ZR RIS DT DAy R g AR Al b g ok i JEE A J
SRR B S . Gl SE, BTV N TR B R DG Rl T A K
AR PR B, SRR T IS BORAE R U B 7T

52 XWKESKE

F T GRS I g 20 78 4 FH 1 S 36 13e 2% 1 AR S 508 H ik 5-1
Fis:
#5-1 LK ESHEER

ETR) WA IR ZHER
1 PCO.edge 4.2 O RBUE =R sCMOS AHHL
2 LA HL YK 515nm; Y5 500-530nm; 3BT R 95%
3 LA HO K 585nm;  JEF 570-600nm; 3B 95%
4 I FI A T3 R=50%: 50%

5.2.1 #8#l

FEARZET F, FAVEHMZ PCO.edge 4.2 RIS HImE .. = REE . mPER
sCMOS HHL, B 5-1 Z2AYLEFIEE . ZAHFEL % T CMOS B H G F,
LABERD 60 i f¥y il e S R, A B RS A i sk U AR 1) I BRI A
FHALER i me S B 56, VG R a5 1 A\ 370nm 3 1100nm K, 5E4 8 &

0



T SRR T R B SURIA TS B L IIR B ARSI, s
AT EUGTRIREARTT RV, Tl T R O AT e

] 5-1 PCO.edge 4.2 T4 S AHHL
PCO.edge 4.2 -5 FHMLIAH R ARIEFR S EUNEE 5-2 Fiowss
# 5-2 PCO.edge 4.2 RIS HINLE AR S

HORIER 24
IR 2048*2048

BERRKA 6.5um *6.5um
152 H g 0.8e-@M2HFAHH, 0.9e-@REFAH
BNASTE 91.5dB
BAEIR +10°C ~+40°C

Lh#e 22W
BiskE C/F

A 24V DC

PCO.edge 4.2 TS5 AHALI G i i 52 i 28 an 1] 5-2 B, HEOR TIZAHNLES
TOAFAEA FBA N R TR0, [ 78 & A B ot T R RE 7 . 4
BT R, R AZ A LAE RV AT BOOGR AN BOR B A o AR D' i o 1
BRI, AHMLIE ZnS:Cu R IR K (520nm) Akt AN R Bl i KA,
o H AR ATLAR B8 X0 LB K 1 o FE MR L BB T, IR TS IIC S o T 7E ZnS:Mn> ]
FAFUEPAS (580nm) AL, EIRE T RUEA FTREAR, (EARALDAERS m R D B
PERE. 7E 500nm % 600nm KX [P, PCO.edge 4.2 S AHNLI & T R0C%H
T 90%, HIEBNTEHEITE 3% AN o X ARIUE T AHHLAE A X TR] P S it e B — 3
(K12 RV RE BN (E TR AL R 2 EUGCR B 520 ol iR 22 R AEARAR B /K
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100

90

80

BT R0 (%)

300 100 500 600 700 800 900 1000 1100
FHAK (nm)
K] 5-2 PCO.edge 4.2 B4 5 AHMLE 3 e 17 fth 25

522 FEFRIHR

o3 C BT R S B B AhE AT R S F 2Ot on, KR E TRk
NI SR A T 7 6B I B ERAE R B B 5 SR AR —
o A WS o e R ] e A BRI ERARE, U238 JE ) A R i 5 %
TSGR 70 BT 0 i IR AN AR R 7L P RSR o (IR 2E 20 e ] AKS
AFE B R A RIS DR, IR A IR, 1% ] i
55 o AEMRAR T 73 08 AT ORS00 70 B — 38 73 IR B SR G R DA S — BB 73 RS 6l
R, S 7301 R G Ut 42 0 S AN B R B 0 8, RPN 5N
ST TS AR, iR AL B G A IR B AN I 5-3 P

o EMR

Kl 5-3 JERiRE 5

i

R 27 S 2
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ASER R T 00O 1 1 b 8E, ERENEREE LA e 9 5
o1y ALK AT, B R AL s AR I BUROE, ek
Hors it — o, BRI OCERI R FFEANIR KDL R VE A AL . X B LB
JE# A PCO.edge ANLIFIEHHAHE,  SCVFIRATI I HSL B A 0 A F A AT
WK

5.2.3 xR

FESRI B, N T SRR S BB OB R, R A R B T Fr AT
FEIEIERR « HB 2 HIUE R AE SR BB S o2 S UR 7 PR IR Gl 1 g
[RI63], e i iX Lo i, AR E IR B A R AR DL I, TR B A
R G2 MBI WST o 2406 P WA B BB BT AR RO R, B 2 e /b e Bt
BN, BRI T8 g 2. i S, Rl H AR B
TeLR R .

SR TR B A e 5 A A VR A UR BRI 2 I8 PR S 3 o, O P IR R 20K
HEBL o TRATTTR TN WA SRR AL RS 7 A R B RO G R B, I eI AR A
SERTHIRE T, AT 520nm A1 580nm P L. Rk, sl T BRI
F, A4 B A 500-530nm A1 570-600nm 3 EXRIGIERE, 1 H AR BN
WereEbBE . XPIEE K 5-4 s

BP515 - ®75
i&M 500-530nm

BP585 @77
iEF 570-600nm.

Kl 5-4 PIRH R IR

N Y IR R AR DE O o 75T A S B R, AT HEAT 1oL S R I

DAL R AN 5-5 Frs « WE AT DUE H JE56 P BREIBR & 1 H AR BLZ MO,

FHAE AR A SEHL T T 95%HOEIE 3, XK Hs /> 7 OeRESR R, FHf
TR TSmO R e, S 1 AE HARBBAOEX SE IR 45 R AT
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100 100

i i 500-530nmiE .} i 570-600nmiE I i
g 60 g 60 P
= =
\.@\j 10 ‘jﬁ 40 F

20 p 20k
0 A A A A A 0

300 100 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
wlk By 7.
A (nm) A (nm)

5-5 PIRMIESE A 11

53 BlgERERFRIRIT

N T RE T SO EAL AR B AN RO E B B IR, A8 T 5-6 s
IR R TT %8 o WEIRAR IR B /o 7= 2R 1 20 BUR DG 0 6B 43 R 38 53
WSS PT & 222 1R E BEOGF IARALIE B A 5L, AHPL 1 43R i ZnS:Cu> A AL
T 500-530nm WEAEPEEIE, AN 2 fERE ZnS: M2 A S HIAL T 570-600nm
e 30 B PRMR o X 2 AR ATLOEE S s #h) PEAT R 8 i, DA CRAE AR [R] IS T) 5L
W3R R PR G IEAR B R WA SE, TS A J5 25 60 20 H SRt vt L IR0 (R 2080

INER R TR IR

<— B WL TSI

ntH—

570-600nm
IR KM 2

FEAL 1

K 5-6 IE{HIBIRBRETT RrER
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& 5-7 Bl 1 A e VA i B B B SE ], ARz seiRR B, 0t
ol E AR AR IRAR IE N7, IR ST G 2 450 SER P R TR R B
AL, LA DR 22065 RS YA BN e s Al S5 . eAh, 8 T # ORI S ARBL CHE
BL 1T AARBL 2) 38— B G, ENRNSELH S5 B R FFH FI
A PN ARAL Y B GRS T TR T o 1 58 AR (R (K7 A A% s, DUt ) 2 e
FFANLR f B DR R R A A B

MBS

3s.c8ecesnsa T

— - -

- g »

P 5-7 VA B GRS B SR

54 ERRIRESLIE

5.4.1 EBERERH

TE BRI IEAE e BUEMGCR & scia T, FIA PCO RAUFANLECEHIREK
kP b EUE IAIRIT RE . IZ3R ReE R & PCO AHMLSEBURE HE 1 [R5 il
T 7] — B 2214 1 281 4 L Ao SR E 52 B s B R HH RO 5 o SRR I A2 P 1]
B IEIET USB 1&4m 3 ffixism, PCO AHBLIERA: (I #AE S & 5-8 fos, B2
B EONANL T SREES T, TR HOAHRL 2 RS S

FERINLER A ST R, P AT AR LSO AT ¥ & - 72 “ Exposure™ — =T,
G b BHT— 2 R T BRI TR (R TR L, T P R i s — A KRB I
B BAE NG i o B HE LS 12 s B T N LR (R R It () B, BB R
(ps)o TEARSZIGH, TATKEEOER AR E N 21ps. 7E“Delay”—#2H, TATHE
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70, EWREMV BRI A5 . £ “Trigger Mode” (filt & i 50) 1EITT,
A DO R R 2 il R 10 o FRATTERE T “Auto Sequence” BT, PASEIN 2 Y fih
Rl WEITEHUE, s B 25 P42 AH BRI A] S Shls AL, e TR B it
AERAYE, AP 2B I BUROG EUR LA IG5 R 4 (1 TIF 4 2 ORA77E R o, 6 B
H1 T MR AR 3R e 43 i i B iR 22

B pco.camware - Camera 1 (pco.pands 4.2)

Camera 1 (pco.panda 4.2) X

= 1 BW  105( 9, 421) Camera Properties (Expert)
QC"JI‘ mm — TR ————
= Camera List i 5 e A : ' ﬂ
[ Camera 1 (pco.panda 4.2) = ol S s : S peo. pa nda 4.2, SN: 14402580
Q, Preview Set 5 g 2 Camera Name Camera 1
[ Camera Set Camera Typ
Camera Set 1 Coent Set (EMKEJE HT Iﬂj
215> [ Camera 2 (peo.edge 4.2 bi) Camera N - 12402
B Preview set ) 'meg'ﬂﬂﬁilfp Iest me: 2.487s)
@ Camera Set ~Delay (oa? 0
e Bxposurelush ~ _ - v
Trigger Mode S-- _Afto Sequence N
= Image Size (2048 x 2048) ‘@%E\j‘lﬁj
; & ROl
|
: 2048
B
2048
Auto
off
Camera 2 (peo.edge 42 bi) X ~ Sequence
1 BW  96(371, 117) Aut
No stamp
on
Rising
on
High
Select /0 Signal Status Busy
Status Busy on
Signal Polarity High
1 Status Expos
Select /0 Signal Status Expos
Signal Timing Showtime of ‘First Line'
on
High
2
N 23
J:Fﬁl:l Tﬂ%ﬂ ~- Power Supply Temperature 2

K] 5-8 PCO RHAHHL AT 4 S H

5.4.2 EfgFEIEAIE

KERNIBUCEEFHEIL Image] BAFALIE, 5 BRAHALEE AT 8 50 75 Fr
HORIRZE, WROREER ) SR . R EP RIS, %6, 7£ Image)
BAF AT TR EUR, Gk 5-9 B, 2o i EHG N BR b o AR S e 7 AR 1) )
FUROOHE, AMEERAANLE SR S E (RSB ET—hifidsx.
H Image] Hf#)“Image Calculator”IJEEREAT EGIEAEE, BIM 18R 6 EG +
2T SO IR . X — BB H BRI E B AT SO, AT RS
X TR DX AR PR A N P 15 22

TH R MR S A LGB FE AR SR B 2 G R A, B AU o 13RS
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TR B XS L, A Bl SIS I AR IR A AT OC B X3S, I B SRR
I RE AT RE B GRIAIT-20,  IATT 5 8 2 1) K PEE AR B 4 R B s A4

4 Imagel — *
File Edit Image Process Analyze Plugins Window Help
B ojc|o| /)<t N Alo|mid]| | /|a| | 0]&] |»
*Rectangle®, rounded rect or rotated rect (alt or long click to switch) !
4 4.00043-1.png (333%) — O b i
1023x1023 (123)(102 ; i

5-9 ImageJ # A2 M b B
231y S R AN S RS 5-10 Fias, HA OSBRI B HE T S R,
H5E S X FE .

Resul 00043244 (75%

5-10 JHRRT SR S R R

543 RE{EKE

JEHE XK FEAE RS BUTI SR8 Imagel 1A 56 1, A AR RIK: BEHG h d M4
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RN FRR N 0 (AE) 2] 255 (A6 ZMIEE. Bk, ERFH
BE BIEVEE (20-255), DLHERSRIBOLIE X AR 3K . LR B8 B B G
SRR T 20 B R mawigt, RDGHEXKIN G R skt , i 5-10
PR, RGP R R SRR EARE N . BEE, B EIX L XA R
R KPR - Tmage] HCPFaE L SO0 T i% DX BT AT (8 = (1K FEAEL T
R B DR R B H, AR PR AR . A7 I S s 1 BT S 46
FEPTIEIX I AT 5068 ME R L, TEIKEELI N 94.7.

Results - (] X
File Edit Font Results

|Area |Mean [MinThr |MaxThr | *
1 5068 94703 20 255

HHER

1023x1023 pixels, 8-bit; 1022K

Kl 5-10 JEBE X 38K BEAE [ $2 HX

5.5 LWERS S

MUNER MR A = Rk 5% 3 (1.5g ZnS:Cu®™ Al 1.5g ZnS:Mn”") Bt Lt
(R REAL R AR T, AR IBUROE, 8 A BRI IE S B AR 1 FIAENL 2 H
o G S 7 Ab S 10 K FE AN € B S 1) WL AR 7 T /N BR s R R g 43 A
Wkl 5-11 Fiose BE&E/DER TSI, GRS A A A g m, St
TR R G RN 2 8] 1) I o B P OB R0 (1 R S A S A L
TR, FEI rC DX A 52 K P ek v R DX g b o AR R 5
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80cm

120c¢

5-11 FIBURICHIK E EAN S it
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NE B TOCHEIAR S ph o 3 A OC R, ANSEI SR A Image] B
X GBI N BR AT TH G A E BRI . e, 85 2 AR s R
PR R A LR sk PR B RS, TS O IER SERR AR . I BURDGIK
JEE AT LA SE R, B N BRpp s R, DDA AR RO, IR/
BRAE—ERESE B Ag A Bt o B R 4 PR 2 W] LUl A 30 h=A/zr THE
(CHor h R R RAEE RS, A ROGBEHA, r 2/ NERIEA) 04

FABL 1 AAEAL 2 Pricsk ROGBEEIAR ZE e 00N, 4 045 P 20 B A, AR
SEBPDGHRTAR, Bt B S AR AN R b ok B T S R AR R . R A X et
AR, HATREAER 5-3 1 EIAENL 1 AAEAL 2 el sk KPR AR . B &
ARPE 5/ ER T AR &R

2 5-3 B T AR PR e 47 2 5

15 MESEE OB 1 JeptmA 2 WACEME R4S

(em) (m/s) (cm?) (cm?) (cm?) (mm)
20 1.98 0.073 0.071 0.072 0.229mm
40 2.8 0.107 0.113 0.110 0.350mm
60 3.43 0.152 0.154 0.153 0.487mm
80 3.96 0.199 0.201 0.200 0.637mm
100 4.43 0.257 0.249 0.253 0.805mm
120 4.85 0.301 0.293 0.297 0.946mm

R 5-3 IR, 2K 5-12 (a) il (b) EWMER TOCREmM. #
JE A SR 2% e A7 B B 5 /N Bk v o R 2 ) A O Z B B R U T B TR
JEE IR N, ' DR R A AR R B 1) T 4 B B 34) R A B R K A
(@) 0.4 (b)

.LOPF

%0

k45 125 (mm)

Y HBE [ FH (em?)

;

0.0
1

L
1

e () J ' W (mfs)
5-12 Ca) YT AR b o 3l B 3 gl 28 (b)) TS 1 4 I 5 o e o 0ok B g it il 2%
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I Tmage) BAFXTARNL 1 FFENL 2 FHAE R0 B A OGBE DX 8k 11~ 350 2K P A
17 15087, DAk E S0 /AN BRI i o B 5 BT 3 K BB 2 TR ) R &R,
TEARZE RN 5-4 PR .
X 5-4 JeBEF K E

MR (m/s) L1 CIREEAED ML 2 CIRFEAED TR A E
1.98 65 53 1.226
2.8 84 67 1.254
3.43 101 78 1.295
3.96 116 88 1.318
4.43 130 96 1.354
4.85 141 102 1.382

Kl 5-13 (a) JE/R T /MRl BRI B R FEE I E RS AR . AL 1 A
FAAL 2 KB 1A~ 35 I FEE AR /N BR v o T 2 2 TR 28 I AR S IO 2V G &R o AL 1
KA H ZnS:Cu* A2 K 500-530nm BBHIDEHE, R B AL 2 F3EH
H ZnS:Mn* 7* 421 570-600nm PEXHDEHE . X —Z4R 5Tt —8, £
ZnS:Cu? S /NER PPk (e B b ZnS:Mn® S UK. K] 5-13 (b) @ T KA
HhEkmdnE R ERE R R, SUEE, BRIHBFHEELR.

(a) 150 (b) 110

o FMLI
= L2

100
1.30

i 1.25
50 pF
1

1 1 1
! 5 2 3 !

MfﬁiLW (m/s) PhnEE (m/s)
Bl 5-13 () JeBETBIRK B SR TR R R (b) KA 5/ NER il FE % 2
WRAEAK (2-25) 1 (2-26) AT A7 53 H 5 tH/NERAEAS [F) s aad B2, 0
AR AR AR i FT 0 2R 5-5 JEoR T /N BRAEAN [R] 58 B2 T X v S A% [ s 7 A2 ) o
W AR, DS B g IR 50 N ) BRI AR EE 2 TR AR &R

A8 IR
WAL
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R 5-5 AR T b A7 TS A

PhaPEE (m/s) il (ND WK fEE
1.98 12.3 1.226
2.80 18.64 1.254
3.43 23.78 1.295
3.96 28.26 1.318
4.43 32.33 1.354
4.85 36.04 1.382

WXL 5-5 i 70 SR LB AT v, 4530 7Bl 5-14 B
JEIRIEE B 2R M T FEN Y=1.13684 +0.00666X, £kt & R>=0.98705.
X 3 M2 Ok RO FE T LA L s R I 77 V4t T T SRR E R R o IX
R, W E R, BT E S RS R T

1.45

KL .
— EMEE

1. 40

T

T

T T 1 T T
10 15 20 25 30 35 10

it 11 (N
P 5-14 ekt ) SAREEA LI R
X7 VR IB I AR R LB AN L — B AR skl &, AOURBL R A2
PEoc &R, Mz B PIT R/ k. G ML R TR
AT IR LE 5 2 v RS ARG RIS o MEAh, AR EUAE T DR B 2 B Bt
Hrigdt 7 ERIL R IiRAR, EAS0ETCE RENE S ELULH AR DA LU AN R SE 36 25 1
HNECE S

5.6 NARR

N Y AL T RGP PR b ol AU 7 YR AE S B B TR R RCR S i 285
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DA— 7€ 1) 7 B Rl T A S, AT P A 1224 B8 E SE B PR T T ) Sz R P R
. il 5-15 Fos, WA E R EUEARNLBT IR HE 2] T 28 A A JE 28 2 A
(Rl IE), IFHERAIC SR T R M AR R OGIL R, JE 7R T 28K DA B 48 6715 (b
it as by v d) FIPPEALE

c
a .y
:: TP S + I 5 TR
Fapis: )
570-600nm St
500-530nm St

HANL 2 By R

FANL 1 BB

&l 5-15 4RI Iy k]
5-16 HHYB U AR T — DN BRI, 8 AR X
SRR, FRATT AT LA T 45 B 408 50X A% S It n R AR T o AN
[ B4 5197 AL IR A5 E 22 e S T A% IR AE T S A Bl o 70 L AR AR T T Y

P RE
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HAFL 1 HAHL 2
] 5-16 F 45T il (RO S5
HERR VP AL 25 Sk & SR G T R AR I B b i 77, THEL T I S ARP LR
MR K AR B o ARAESE AT SL A b oly 71 5 KA LE Z R I 2RSS R &R, 15
B 7B KA AR S BAREE, W1k 5-6 s . A5 R BoR PR E AR KT by
LA b)Y Rt AR, XS HEMAT, PSR ER @ EE kil
&R EE . MREIRRT (FRidh d Kl b XS5 RS S5 hrf
AR RIS, UESE T R AR PEAR Dy A b s FI AR AT 1 o IR ITVRRS T
ey ARSI RO ATE FERLRL R, JEHE F T 5 B R A A i B R 7 5, AN
(LR=EREEil 3 =AVF N
% 5-6 % HARIKAT B it g

KYgs  KEME CHPL D KEZE GEL2) K fEE i 7y
a 112.56 85.43 1.318 27.2

b 127.83 94.35 1.355 32.8
100.16 76.08 1.304 25.1

d 82.35 65.65 1.254 17.6

5.7 REINGE

AR E DALY TR B G A I, A R B R R AR L ik
ATIER AT ATYE . SRR, JERAC B E BKIEE R I G L, FREE A
I GrEE, FP I 1AL AR T ZnS:Cu? il ZnS:Mn> IE(E I B 1 FE K
FEMANL . FESL T /NERP R SOCRE I AR . WA R M E R R . B
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PR AR R, GBI AR AT e B th 2 B . IR 1O B AR
{5, JRENL T/NER R 7 5 R AL SR AR R S BOK AR LE 2 TR R PR R . X
PR AR LC RIS, AR — Rl A RS 3%, B PRI Bt
AR SR EIR 2. 25 kb iy LS RN T2k E gk
PR AR O AL AN T JT 9SO Tk T EMGOR BEAE LU b et sl
JIE RN T
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6.1 L ELE

ARSCRNIRD T IR A BHE b o R A R, R X% G ik T 4 xt
JGERINTTE, S T R R T O BOROG R L BRI T o I AR S ER AR
WS, WA X MINER R ST R TR, G . SRS, R
AS7341 Sl AR AR AN Arduino IS 2 IMEE I RARE B, SLIL T 7ESE
S 8 FH R AN AN AR A o TR, e 8 (R B e B R AR B, TR SE
TR AE B RAE T T T AT o DU R AR SC R B S U LA TAE:

1) KA ELF ) ZnS:Cu? 1 ZnS:Mn?* 5 PDMS VR4, il & H T A EA A
[ 5 AR I () A S o B I AR IR T Y SEML IR, SR Bk R AE
PDMS H135 53 43 HUPPRES o TRAH /34T 1 S HEA% AR AE /N BR e R I D0 BUR LB,
FFIE I B HE T, F B T A R N RO S N R ) R AE R R R

R T IR T 6, FH DAPPAG AR AL AN Rl s 70 R R AR AL

20 BFTE T 3K AL TR AR A AN BR s R OGS R, #SE T ZnS:Cu?t Al
ZnS:Mn*" & B 1A S5 /N Bkl B 2 R 2 X &, HRR T AR
KOG ISR . FET ZnS:Cu? Al ZnS:Mn2 78 i T AN [R) 2 i B4
FENT T B YRR E S NER R 2 A e BOR R . SEIRAERA, eIt R
FHE TG0 LU IR 45 R B, Hag KA AR HE R ZE 0L 1.138%, X 544
JesRTIEAA L, Bon R PR IE A T P R

3) 3T AS7341 il K% 5 Arduino 5512, ME T AN IEIELIE K%
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