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Abstract: With the initial applications of unmanned aerial vehicle technology in various fields, the infrared (IR) radi-
ation characteristic of the UAV becomes an issue of mutual concern. In this experiment, the radiometric calibration of
middle wave and long wave infrared detectors has been done firstly. The radiation characteristics of the UAV are
measured while flying, and the temperature of UAV target is inverted by using single-band method, dual-band col-
orimetric method and dual-band method based on black-body calibration. Combined with the real measured data,
the above methods are analyzed and compared. The measurement precision is analyzed and error source is given.
The results show that radiation intensity of UAV is about 0.04 W/sr in middle IR wave, and 0.5 W/sr in long IR wave.
Dual-band method based on black-body calibration can improve the precision of UAV temperature inversion greatly,
the absolute error of temperature retrieval reduces to 2 K, and relative error is about 0.5%.

Keywords: unmanned aerial vehicle; radiance; radiation characteristics; temperature retrieval

DOI: 10.3969/j.issn.1003-501X.2017.04.007 Citation: Optfo-Elec Eng, 2017, 44(4): 427-434

WiEHE: 2016-10-17; WEIEXFA: 2016-12-31
*E-mail: chencs_1991@126.com

427



OEE | Advances

—_

=

1 35l

2140 B ARR SRR R AR H AR, X H AR
T PO EEFEZ —, TAIUERRUN, EMIK,
T B EZAMER, FEmX AN
WEIRE ) B FHZE R SE PR o IR S I AR A
FRPEREEEZAL, R S e E R R AR T 43
G K S 1 O & =7 b1 31 NN /o SN =41 SR = e e
WA HA W EZENEM . £ HARRT, YRk
FEm THXT RN, TN ShErE, AW
i) DO R R S L, b TR BT 0.75
um ~ 100 pm FILTAN, DRGiad HARLT MR SRR
AT LSRR o s A8 A S e DA R O B T ) D
FEAE T AL, aIMENRG RS . B
FRERIN . HARfRST S R . T Bbrk TR
Fzd, Y% BRI TR R A e, KR4
TR Rt 2% H ARG A W SORTsOs, K
KA BRSO ST AR R g . FEA5 B irka
SHES RN, WFEZRS B R SRR G Z IR
SaERPR AR R, DMETE HhR4E S LR
F s R BAREAE AT R ABIE . B S RS
SE PR ARSI T TR, ARTIE S A T
AT 5 T AN ERGTRAED, R N T
LLAMRAGAN I3 B 5 Ik P e AR B ), A T R A4
NGNS TFAR R e U= e i R T A (S DI S D)
H b 1Y 21 8158 5k B2 I e A G BE 0 A AR G 82D
Michael Teuts X7 Jo AL AYZLAMNE S AR T 140
SRl EAMS E AL, BERRIL, SR AH R
TS LU IMR ST R T o8 O Ui . b AU
R T 25 HFRLUAMRE SRS NIRATAM #fFe, 36
198 v A - 5 T B T IS AR LD A R S REAE
SIMIR #f%, RIS RAR . EIHLAEE A HAnidtAT4r
ARG S HAE T, (BT T8 2400 Tl g 7%
HINHIIFTE R . DL BB R AT AT
MLELAMEST R RIS A5 Sl

ASCHERT NG 3R b, 0 T T TE AMLEE ST
FEPEDN 5 DA RO BE S i, 1 Se AR A £ 1A M S o Ji 2
XPRUHE B LT MR R GE A T SC s s B e v, R T
KU B . RO B b i DR e U ipt BN 2y v
Xt HER T AN TR, X HOR R % B TC AL
SPRREE . FRISTSEE L RGEIREE, TR T T
SREE RO HAT TR S RS FE 53T

428

20175 , 55446 , 54

2 REIERR

FER LA G AR 8264 T H b I BE S 2 1T
T B B R SR S A TR A bR . R bR
FEFELT A HLARIN 22 48 A2 A R S R 8 7
fi 3 Z ) ST AR I B DG R, AR SRR SR
S AR 2T 4 N S R VR o T B E AR LT MG
MRS, WS NEhES, @ R%n
Jif AR S SR B 2 e R,
ARAFET AN 25 4 1 [

FELLAN R G EMA NG R N, RS R A f G &
A HH DR A 22 TR A

D, = aL(T)+ Dy » (1)
K D, ARRLLIMRIN Z G0 0 IR i (B (0 5 20 2R
D), Dy FERERMGRME IS R A B EME, o N
ZLAMEI R GE R W W BE (A R (Wstm?) ), L(T) A
PRI R G 2 At R S 58 BE (B2 W srm2)!2],

AR SOR R BELTAMA I F2 G E AT 52 50 2 s I o
B, HEH] 320x256 ZLAMEFTRIIA . HEARIG T
YEW B 3.7 um ~4.8 um, KIEHRMEE TAEBEL 7.7 um
~9.3 um. RHLIAF CT RS/ F] Y SR800R 12D_ET
TR PRI R G A TR S b o AR S EN T
FRSTTIAR 357 mmx415 mm, K $He =99%, U I H
5°~125°,

SR AR S R R . A TN A A
RABEARERAT B FE N, 5 22 el B R I A SR A
TFLAMEM G R G RI AR, 7 58 RGEAMRE LK
ANy o LTI R i AR R0 0 X 1 A [ Y
JE N WK EE S i DN, DN, DNy, -+ ,DN,, , FI| {135 1%
LA R RN 0 B GE E, SRE R
KX (DN, L, (T)) #1T e/ "R MERLA
ISR R G R R SEBEA N o | SEH0 % HR S e brké
BHWE 1R

A1

R Eh M BT RE.
Fig. 1 Radiance calibration device in lab.
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Fig. 4 Atmospheric transmittance of MWIR. Fig. 5 Path radiance of MWIR.
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Table 1 Atmospheric parameters for the experiment.
Temperature/°C Humidity/(%)  Visibility/km  Atmospheric pressure/hPa  Altitude/m  Longitude Latitude
31.6 49 12 1008 4 E121°28'" N31°17'
% 2 RANBKIELIN IR RE &R,
Table 2 LWIR temperature retrieval results of UAV.
Location Gray value Calculated Actual Calculated Absolute Relative
of LW radiance/(W-sr':m?) temperature/K temperature/K error/K error/(%)
A 11861 19.4204 305.5 316.7 11.2 3.7
B 11818 19.2739 305.5 316.3 10.7 3.5
C 11861 19.4204 305.5 316.7 11.2 3.7
D 11831 19.3182 305.5 316.5 11.0 35
E 11833 19.3250 305.5 316.4 10.9 3.6
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Table 3 LWIR radiation characteristics result of UAV.

Gray value of LW Number Radiance of LWIR/(W-sr"-m?) Radiation intensity of LWIR/(W-sr™")
11797 100 19.2011 0.6240
11805 86 19.2283 0.5374
11800 97 19.2113 0.6056
11810 99 19.2454 0.6192
11817 107 19.2692 0.6701
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Table 4 Temperature retrieval results based on traditional dual waveband.

Gray Gray Calculated

Calculated

) ) . Actual Calculated Absolute  Relative
Location value of value of radiance of radiance of ¢ wre/k  temperature/K error error/(%)
MW LW MW/(W-srm?)  LW/(W-sr'-m?) temperature P °

A 9250 11861 1.6567 19.4205 305.5 301.5 4.0 1.3

B 9135 11818 1.6260 19.2739 305.5 300.9 4.6 1.5

C 9222 11861 1.6493 19.4205 305.5 301.2 4.3 1.4

D 9223 11831 1.6495 19.3182 305.5 301.6 3.9 1.3

E 9248 11833 1.6562 19.3251 305.5 301.8 3.8 1.2
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Table 5 LWIR and MWIR radiation characteristics results of UAV.

Gray value  Grayvalue  The number The number Radiance of Radiance of iriz:::i;gf ir'?tz(rj\::i:;
of MW of LW in MWIR in LWIR MW /(W-sr"-m?)  LW/(W-sr"-m?) MWIRIWSST)  LWIRIOWISt)
9002 11797 99 100 1.5904 19.2011 0.0512 0.6240
9003 11805 86 86 1.5907 19.2283 0.0445 0.5374
8959 11800 90 97 1.5789 19.2113 0.0462 0.6056
8902 11810 99 99 1.5637 19.2454 0.0503 0.6192
8973 11817 99 107 1.5827 19.2692 0.0509 0.6701

3.3 ETEMREMNLLRIRERRREFNESE TRARAy AT, AR BN 6 rn . AXHAP

3.3.1 HETBAAAE IE A UHE Bl e NARFE o Ly » ABESHERMARRINA Dy Ly,
LLAMEMGIR SO A BB S WA I, A BATTESE o L, o FUFIARHERRAAH B AL H b7 25
IR P R] A B, SR P AN RATRE 32 m, BRESIRIIER K-
1) WIR LI AT AR AR 5 B 105m, T HLMEE 110 m, AN 17°, iR

2) RABR, KA 5 m PTHCE AERE BRI &% 110 m AL, ITREA I M BIR S5

3.2 A RO B TR TH BRI R % e e DR AN AT A LBIFR IR 1) R ARG ] . BB 4
ORI, (R RRBELR e UARKRAEERS  REIRE, B2IREM Dy Ly o @B, 3t
L, WO BERS BEARSRZ 00 H AR TR RO 2L RO SR T I KRB IR L R AR s . R
. ML, FCRASHRES R Sa/MNERS #6RQ), BRI, Sk BRI
ZIE KRR BRI TR B, JEEm AR A, RE AR TR T, B s AT
KRG B6. B 7 BT KR, APRERSTERE L,, , STAMEIN RGOS B — A K B

KAEHHM MODTRAN HHE RS RS WD, , HREE MR TAEREE T, , 1152k
ARSI AR, SEELNENAAEZERN, h SRE L, HRRGEWIKERL D,
1, S rh SR b v SR A B3 PR 3 5 R L R ¢ HRAE A

BH6 TAMFERLIIERL B/7 RAMKELIEL.
Fig. 6 MWIR image of UAV. Fig. 7 LWIR image of UAV.
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Table 6 Atmospheric transmittance and path radiance experimental results calculated from black body.

Blackbody temperature/K  Radiance of MW/(W-sr'-m?)  Radiance of LW/(W-sr'-m?)  Gray value of MW  Gray value of LW

308 1.6742 17.5531 10071 12226

323 2.7543 22.6943 13430 13293
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Fig. 8 Distribution of temperature retrieval.
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Table 7 Dual waveband temperature retrieval results based on black body calibration.

G G Calculated Calculated

) ray ray a.cu ae a.cu ae Actual Calculated Absolute  Relative
Location value of value of radiance of radiance of temperature/K temperature/K error error/(%)
MW LW MW/(Wisrm?) — LWI(Wisr-m?) P P °

A 9250 11861 1.4102 15.7944 305.5 304.1 1.4 0.46

B 9135 11818 1.3732 15.5872 305.5 303.4 2.1 0.69

C 9222 11861 1.4012 15.7944 305.5 303.7 1.8 0.59

D 9223 11831 1.4015 15.6498 305.5 304.3 1.2 0.39

E 9248 11833 1.4096 15.6595 305.5 304.6 1.1 0.36
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Table 8 LWIR and MWIR radiation characteristics of UAV.

Gray value va?lzzyof nur:E:r in nur:EZr in Radiance of MW Radiance of ir?tz(::::i;?)f ir?tz:isai:;??ﬁ
of MW LW MWIR LWIR fWesrm®) - LWIW-srm?) MWIR/(W-sr')  LWIR/(W-sr")
9002 1797 99 100 1.3305 15.4860 0.0428 0.5033
9003 11805 86 86 1.3308 15.5245 0.0372 0.4339
8959 11800 90 97 1.3166 15.5005 0.0385 0.4887
8902 11810 99 99 1.2983 15.5486 0.0418 0.5003
8973 11817 99 107 1.3211 15.5486 0.0425 0.5419
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