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Near infrared multispectral detection on icing and ice
thickness of aluminum wing cover

GAO Jian-shu',ZHENG Da-chuan®, YU Zhi-jing’ ,ZHUGE Jing-chang
(1. College of precision Instrument and Optoelectronics Engineering, Tianjin University 300072, China;

2. Aeronautical Automation College , Civil Aviation University of China,Tianjin 300300, China)

Abstract : In order to distinguish the icing from aluminum wing cover and measure the ice thickness,a near infrared
multispectral detection method is presented. Firstly, the contrast value C is calculated by using an algorithm for ice
detection based on the different reflectance spectra between water and ice in a certain wavelength band. Then, the
threshold C,, of C is obtained by experiments. When C > C,, ,it is considered that the ice exists,vice versa. The loca-
tion of the icing on the aluminum wing cover is identified. A linear relationship between ice thickness and C is also
proved by the experiment. According to the value of C,, and k,the ice thickness is calculated.

Key words:ice detection;ice thickness ;near infrared multispectral ;aluminum wing cover

Bl IHSEIN N B3 PR R B8 i 5 R S8 LR o RS AL 5E

KPR T GRS L AT 4
R RMEE, HRXEEXzmLER AR
(NTSB) 1975—1981 4[] &AL 4G vk S Kt e it
PR K BUM A 82% YRR AL KL B A R
Tl kR TR o0 T oA i s, i H 70% DL Fo
GOMETE R, BV ECA 1 SO0 AL A 1 1A
RS o R, TRHLBR VK ) AR R i R AT A
TR ERNRZ — . H AT B KR e 5E R

I 53 PR ASE 5 1o 23 1D R FE R BRI, fth o A 5 715
AR AR o A BRI, AL 9% I T 1T
R VKB Bl 25 DR PR A5 IR LA PR, BB A IR &G UK,

EE&UH : ERK AR =S (No. 60939001 ) 5 e iy K FEA R}
Tl 55 3% ( No. ZXH2012C008 ) ¥ o

TEZE N m R (1966 - ), I, W LT 5 A4, BFR 61, 0t 2R
S0, FENFBLIER VKT R G A KL FER B A 9 BEFY . E-mail
Jsgao@ cauc. edu. cn

%5 H #A:2013-08-26



392 Ot 5 2 Ak

544 %

SRR A ZE MU IR RE R ) TR 2 —
TCHLEEVKIRI 2 A © 32 2145 FE RO AR, IF4%
AT KBNS S0 o G5k L 5 i
£ LA, 2RI 5 AR, aniEl 1 iR
ERIPR
R
ek LT AN I
AN s
WLk
- { ram«;g Rk PR R 20
P
A
vk @i&{%@%
Yk
B
mw&{ﬁéﬁ
R BB PR
S i — [
e | MR
ﬁﬁ%{%ﬁ%LWMﬂi
FFU (SAW) 3%
e
PR IT R 2
L Bk i
TEFAR L, I EE R spar it 25 L K R GE 28 A
TEMERIZHER RN 42— MRk 2. 1%
BHLFETLAS A [F] (635 B o, 4900 B3 2% 1 e
MIEL A1 5 5, R 4R R 3 AT IS 2 4 B )
0.2 mmPypKJE o A SCHEFRAR B 1Y BL Al b, AR 45 7K
FUKTEIT LA 6T T 0 S5 AN TA] , $ S &1 X 4R
5 J2 b R KRR RS 19 30 21 A0 Z2 56 i R0 7 12
2 1 i
LRI —JE B A BT (PKEK) By,
XPIELLAMCHIFE M AN 2 BiR . — 35 e A i
Sy SRR U, ARG HE AR A BT, Bt
I J5 1 A 300 BRI P S S [ s < H A o A kR
1], —#B 43R 128 S, —F o FRIR B S i) . it
S AR R AR — AR A ot H A B AR I, AR
5 FL A BT 1 AN [) 6T 30 21 A0 6 7 W AT 258 R I S AN
[F], 75 BAS [A] i SR

Emﬁ%{

NG AP
0.1 0
n S
e N Fly 7
ny 0, _)\ ," “‘ ," “\ ," tﬁﬁ\ﬁﬁ d _
TN AT FEIE SR,
FE

B2 KL B R T R TR s S/ IR A Y

Re</\50i) = Ro()\’ai) + (1 _R0</\50i))2'
R,(A)e ™™ 4+ (1 =R, (1,6,))".
R,(A)’Ry(A,0,) e 4 ..

+ (1 =R,(A,60,))°R,(A)".
Ry(A,0.)" Ve ™M (n— o)
(1 = Ry(X,0))°R, (A)e™ V!
1 = Ry(A,0,)R, (A)e ™!
(1)

K, d UK a(A) HIGIERR IR Ry (A,6,)

H RS ETE SUF 385 R, (A) SRR OGIE

e SN HOW B SEXINT I

SR VKRS I Py B P 3 R, BRI B A

116 wm 40 [ 5565 EE ] R, Sk KR, & B A

1. 26 pumAb i SR OEIREE T R, SRR, HAN B

G EAT HH IR B 5, AT A

— RL - RU (2)
R, + R,
GG F BE C A R NI B A 1Y B E Sk

R VKA TE LA B RS

= Ry(A,0,) +

----- SR o /R K (1 1md
— R o /R s (m

HERR A%
j=}
i

060+——"7—7"-"1—-—"1—""7"—+H—r—7—-+—
1.10 1.12 1.14 1.16 1.18 1.20 1.22 1.24 1.26 1.28 1.30

WA /um
B3 KRIKTERTLE AN T BRI S S 3

3 X% %

SEG T 3 2L AME B R BRI B Xenies 23 F) Y
Xeva —2858

SR I R R R . TEALIE 5 R
FHRIERG 42 2024 |, 53 Z IR BTG 7K I 25 R UK, H
DK JEEAG SRS 1 57 B UG S5 DK 1) JEE B2 1 A2 4k (]
B 3 21 AME LR 4R #E 110, 1,16, 1.26 Fil
1.28 pum U300 18 54 , B4 30 38 BT 0 A g ot
W EAHIA . RN 4 s .

Iy

(a) LIopmZB#imiE  (b) 1.16pumiljE (d) 1.28umifii

K4 AT LLAEIE R

(c) 1.26pmilE



ot 5 405 No.4 2014 P AE HLIRARSE R AR S KR LT S0 22 A 393
4 RS d=kx(C-C,) (3)

BEATLLAN I B R AR R, B 5 Brs Hh L )
IR BEAE Fe s , I BLHOGHE - 2 SR R 2R RS 6 1Y
UTLLAMEHE s TiZs vk R vk IR A3, d =X (1) af
0 LB R R A S, EL S B 2 b2 A8 A 5 1 —
PRI 1 DUSE T A EEL, DU SE 35 A S R 1 Bt D )
BN AL NE BT - 2 AR A . JRINAE T, 7K
ZEUKIRAE 1. 26 pm BT AFAE— NI ZLAMGRECE ,
W VKR RIS WSS, SR SR AH XS i ) o

240%‘#11 NI BE UK TR DU S 38 019 A FE A @H%l%flﬂl%é}}wkﬂﬁ VA Y 3 T A

!
E- -
220003, O HUKZ0.2mm 4 - #PK#10. 2mm
-0 KHIUKL0.5mm 90 -0 K0, 50m
P D B Rk 1mm
iy 4+ KL 5
© HEIKAL S 80 b HEKALSm ]
180 = REkA2m == Sk 2nm
: : N
160 w !
L
\!
140 60 | 3
\ ~i— -a
120 I .
L 50 SN
1 * B\‘\ N, P
00 b 3 i >
i 40 \ o -
e N i3 i | \ \
S . sl \
60 NG ] ; puss——ny
‘ -
40 i i 20 i i
1.10 1.16 1.26 1.28 1.10 1.16 1.26 1.28

'S BEFIANIR] S L vl A DO 1 B4 I BE B
MR (2) SKRAFHI X LI C {620 Cni&l 6 fir
) FHFUKBAAAELNE R ZR (CANE 7 FroR) o lAR 2
(3) H LAl R KR -

45%
40% 1
35% \
30% Il
25% /

20%

i
15% NI /

\ J\
{ X [
\ [ /3
oy N AaVANN I [ X[k
sl 4 \] | ERYEE
0% Bl ‘ L

BN ANFINOENDRO—~NNFHIDO=0DD AN
COCOO SO = i ISESENEN]

it

L1

XFELEECTH

- YCHKL0. 5mm - = FJRUKLIL. 5mm —— B JEUKL 2mm
—=— JiEUKZ50. 2mm WEVKZ9 mm —— S JEPKZ1. 8mm

K6 SRR ERE VKT LLEE C fE
023

e ———
022 | * REECHO VK

021 [— sbtmier

0.20
0.19
0.18 { g
0.17

0.16 L -

0.15

0.14
0.13
0.12
0.1
0.10

HF L RECTE

0.09
0.08
0.07
0.06
0.05
0.04

0.03
0.02
0.01

0 0.5 1.0 1.5 2.0
VKJE/mm

B7 XL CESUKEMER

Horb, d 9UKIE 5 k N okIESRS HLEE C {E AR L
AR (RSB b = 9.625 ) 5 C, SR LR
KPUNIIELEL, € > C, i WA IK, € < €, B,
WA BEA vk (RIESL 4 €, = 0.0178 ),
5 & i

AL SR B A, A SCHR I L0 26T A
075 AT LS 55 4 558 Bz 362 1T AR DRI oK S () A6
Mo A SO R 1 B KA B0 T 245, AR 3RS
PREE e il LA A AR A X U BE C Sk
JR LR SC R ATAE RS R, RV e L 491 2R 550 b AT
{6 C,, FFAESE o PRI, 15 J5 St 78 Ao AR I3 Bk
XN AT AME

S 3k

[1] XIE Yi. Aircraft icing accidents statistical analysis[ J]. O-
verseas flight,1996(3) :23 —28. (iin Chinese)

PR RS vk gt oA [T ] AT, 1996
(3) .23 -28.

[2] Edmundo A Sierra Jr, Kimberlea Bender, Isabelle Marcil , et
al. Human visual and tactile ice detection capabilities under
aircraft post deicing conditions [ C ]//William J. Hughes
Technical Center IRC. Springfield, Virginia : Nation Technical
Information Service(NTIS) ,2006.

[3] Doug Ingold. Gambit holdover time determination system
(HOTDS) canadian regulatory initiatives [ C]. 2007 SAE
Aircraft & Engine Icing International Conference and Ex-
hibition. Seville , Spain:2007 -9 -24.

[4] ZHANG Jie,ZHOU Lei, ZHANG Hong, et al. Aircraft ic-
ing detection technology[ J]. Chinese Journal of Scientific
Instrument ,2006,27(12) ;1578 —1586. (in Chinese)
SRR, R okt A RBLEE PRI B [T ] X A1
Fe2F4,2006,27(12) 1578 - 1586.

[5] GAO Jianshu,HAN Renyi, YU Zhijing, et al. Near infra-
red multispectral solution to ice detection on CF composite
material wings [ J ]. Optics and Precision Engineering,
2011,19(6) :1250 — 1255. (in Chinese)

R B, T2 S G PO AS H LI R I R vk
METLLAN 2Ot R I [T ]. Jbs2 K% 17, 2011,19
(6) :1250 - 1255.

[6] YE Lin, WANG Ying, HUANG Qin, et al. The study on
the method of icing-thickness measuring based on imaging
[J]. Measurement and Testing,2006,33(6) :4 -5,8. (in
Chinese)

WERR, B, BB AF T ER R 45 IR R I A5 ik
AIBESEL T ] S AR ,2006,33(6) 24 -5,8.
[7] WANG Hua, WANG Yilun, ZHANG Binhua. Theory of



394

ot 5 e s

544 %

(8]

[10]

designing ice detector based on magnetostriction [ J ].
Transactions of China Electrotechnical Society,2003, 18
(6) :77280. (in Chinese)

FAE, ELUME, sk 55T 0G50 45 5 PR A 25 DA% 2%
wr BT NS [T]. T HAR 41,2003, 18(6) :77280.
Pimpecml. Ultrasonic technology: a solution for inflight
and onground ice detection[ D]. ICAS and the American
Institute of Aeronautics and Astronautics,1992,03.126.
YIN Shengsheng, CHEN Bin,GE Junfeng,et al. Fiber-op-
tical icing sensor for detecting the icing type[ J]. Instru-
ment Technique and Sensor,2012 (5):9 - 11,23. (in
Chinese)

THEAE B K, B R B, S5 AT UM DK R B DG 21 45 ok A%
AR [T ] AUREOAR 5 1214 2012, (5) :9 - 11,23.

LI Zongxing, CHEN Deyong, WANG Junbo. Design and
fabrication of MEMS strain gauge icing sensors[ J ]. Chi-
nese Journal of Sensors and Actuations, 2011,24 (8):
1108 - 1113. (in Chinese)

ARG WRTE TS, £ 4. MEMS )i 78 545 pK % A 15
W5 W LT 15 8 R 2% 4z, 2011, 24 (8):
1108 —1113.

[11]

[12]

[13]

[14]

[15]

Blair A Barbour. Ice monitoring and detection system
[P]. United States patent,005557261A,1996 -9 —17.
Gregiris, Dennis, John Etobicoke. Electro-Optic ice detec-
tion[ P]. European patent,0785890B1,1996 —5 - 9.
Robert E Gagnon. Method and apparatus for layer thick-
ness measurement| P]. United States patent,0074415A1,
2007 -4 -5.

CHEN Xiuhong, WEI Heli. Variation of infrared Atmos-
pheric transmittance based on atmospheric models in typi-
cal regions of china[ J]. Laser & Infrared,2008,38(11) ;
1090 - 1093. (in Chinese)

WRFFLL, B0 A . 55 T o [ 0 R b DX O SR 2040
B RAARRAE LT ], W06 5 151, 2008, 38 (11)
1090 - 1093.

LI Xuebin, GONG Chunwen, LI Chao, et al. Size distribu-
tion and attenation for infrared radiation of fog particles
[J]. Laser & Infrared,2009,39 (7):1090 - 1093. (in
Chinese)

A BB, AR, AF . 55 T S 0 AT RN 25 4 2180 EY
FT]. ok 54a4h,2009,39(7) 11090 — 1093.



