Vol. 26, No.3
June 2007

a5 2 REER

J. Infrared Millim. Waves

26 853 M
2007 4£ 6 A

I MHE 1001 - 9014(2007)03 - 0182 -05

BT SHMSEYM R Z MR i 5
£h4, ERH

(B EPHRE VLRI, 6 710)

WEOHABRNEHBENEENETEX R ARG REE. LARRUEATREMN, ERE B R0 LY
GUABHERR ARETHEIEEN Bt AR R ERE TRAUGH A R AR B AR
KA £0.5CHANABEFRFRBEL AN EHAA A LUNRBR, ERERETAMN BFM SRR
BESOAMERARRSURARENEHEL ML R, EAN ERY PHRERAERE S LA RR UK A E
SHREENEPFELAPETRE. REL 5 AAT RN RRYER, b — RAHAB TR A LSRR
MR E EARKE UMD

% & W aREGERRIGEEST R AR ERE

PESHSTN219  XRKERIRE:A

INFRARED THERMOGRAPHY TARGET DETECTION
BETWEEN CONCRETE STRUCTURE AND PLANT LEAF

LI Yu-Chu, WANG Jian-Xun
(Institute of Mechatronic Science and Technology, Southern Taiwan University of Technology, Tainan 710, China)

Abstract: The principal problem in which infrared thermographic measurements are concerned with is the emissivity of ma-
terial. Infrared thermographic system was usually used to detect enemy on battlefields. However, landscape engineering is a
common camouflage works on battlefields. Thus, according to energy equilibrium law, the leaf emissivity simulate model
was set up to estimate the leaf emissivity. Further, the infrared thermographic system was used to analyze the thermography
of concrete structure and plant leaf when the environmental temperature difference is within 0.5 . The experimental results
show that there are approximate linear regression lines between the emissivity parameter of infrared thermographic system
vs. the mean temperature of these two targets. But there are obvious different linear regression lines between the emissivity
parameter of infrared thermographic system vs. standard error of mean temperature of these two targets. The different char-
acteristic of infrared thermography between concrete structure and plant leaf will promote the detecting ability of infrared
thermographic system when the environmental temperature of target area is under the slight temperature difference.

Key words; infrared thermography; target detection; regression analysis; leaf emissivity; model simulation

EEEEMITER E (US Army Research Labo-
ratory, ARL) B LZLAMAE R B3 BB RGN

51

LLAN R AH T DT E 2 B AR X, HER
HRAAEHE R HRTR . HEFEH B4R

DINCEVY b A B € SIERAR U E S

RN B & RERBE LS BRI S A BE. RS R
SENLHIPBLOERNBY A RERENREER
SE AREN H R EEN, R M RS
ROTEER IR AR E S KB E
BT IR,

5% B 5 :2006 - 06 - 20, #51 A 3§ :2006 - 12 - 20

3ATHESENR (1) BIROUERBBL. (2) B
BRBTBILA K (3) BAR AR BINK 70 KB B K4
LIAMARAR B S IA R HIBT 5T SRR B R AL SM A
BB FEHEEEBUE, ARSHERETX 3
MER, BT OSBRI ES RS BB E AN

ANV B RO S B . R R A

&2 ( Tomahawk Missile, BGM-109 ) %25 2 7 #f X\ Tk
R AR IS R4 SR AN, B TR 5% AR iR BIBE .

Received date: 2006 - 06 - 20, revised date: 2006 - 12 - 20

BT A -BRFEZEAXTEIW(FEELE) : (NSC 94-2212-E-218-007)
EBBM:ERIT(1963-), B, 6EBEEHA, BERERENBRADELE, L, TEAFSIBMEAR 5 RHEE TR


http://www.cqvip.com

3 éﬁﬁ%:7@&i%?§%5ﬁ%%ﬁ2£9bm&bﬁiﬁﬂﬁ% 183

XERBEATRERGEENRELEZHAY,. B
BeET XM AR EE L Y, W LSRR R
REEBE X LA B B R U B B
).

1 MAZSRFARFEHEXXE

mE1 RIS ER R RE
KR HAF R, AR K FRRER L HIESTRER,
hE R ZEHUK M RER T H My BHAEK. ot B iR
FHEESTRER R, FE&E P FH K 400 ~2400 nm, H
HARMEEEH N REKASEM ¢ SHHK
PR a(A) , BRAT 8 K R UeE R R,

R, = J::':msolar spectra(A) + sing » a(A)dr  ,(1)
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(1) ZSB(N, structure parameter ) : 7] fy bt T 7
(SLA, specific leaf area) SEfHHE H

N = (0.9SLA +0.025)/(SLA-0.1) , (2)
HAPSIA = 1/C, = A/dw 14 A 3 B EE, dw
HHHTE Q)MFEESE(C,,leaf chlorophyll a
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leaf equivalent water thickness)

C, = (fw-dw)/A (3)
AL fw Rt EE. (4) MR TREUE (C,,leaf dry
matter content) .

WE L R RENER LTTHERTERE
Rt |

L=R,-hE-H=R, -hE |, (4)
Hep, @R h R E 3K B FERRET , iR
S5EBEAET, BRRETFLZR MAEER
S EN A EBUKE E, B A R
BHRE=h - E ,HAt h KR EE#. 14, Yk
REBS R MERES TR,

L = ecT" (5)

Ha e M H G 5 R 513, o 2 Stefan-Boltzmann .

EH(5.669 x10 *W/m? + K*) , T 4 HEEE (K).
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Fig.1 Energy balance of a single leaf (R, is the leaf absorbing
energy, L the leaf emitting energy, hE the leaf evaporating water
energy and H the leaf sensible losing energy)
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Fig.2 The simulate value and experimental value of leaf emis-
sivity of kapok tree vs. sample number. Standard deviation of
simulate value and experimental value are 0. 044 and 0. 025,
respectively.
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Fig. 3 The mean temperatures of concrete structure and plant
leaf vs. the emissivity parameters of infrared thermographic sys-
tem under the environmental temperature difference of +0.5%C
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Fig. 4 When the environmental temperature difference is
+0.57C; (a) in the experiment of the emissivity parameter of
infrared thermographic system is 1, the leaf temperature 21.5C
is smaller than the one of concrete 22.1°C. (b) in the another
experiment of the emissivity parameter of infrared thermographic
system is 0. 5, the leaf temperature 24. 6°C is larger than the
one of concrete 23.7C
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Fig. 5 The standard errors of mean temperature of concrete
structure and plant leaf vs. the emissivity parameters of infrared
thermographic system under the environmental temperature
difference of +0.5C
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*1 HAOASHXRER
Table 1 Results of simple linear regression

Linear regression line Bo.B1  Coefficient t Statistic  P-Value
Emissivity versus concrete Bo 25.23636 135.8147 <0.0001
temperature in Fig. 3 B -3.45455 -14.25 <0.0001
Emissivity versus leaf Bo 25.23636 40.34001 <0.0001

-3.41818 -4.18802 <0.0005
0.091488 19.37961 <0.0001
-0.06402 -10.3944 <0.0001
0.103162 7.398449 <0.0001
-0.0735 -4.04049 <0.0005

temperature in Fig. 3 B
Emissivity versus standard error Bo
of concrete temperature in Fig. 4 B,
Emissivity versus standard error Bo
of leaf temperature in Fig. 4 B\

*P <0.05, reach statistical significance.
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