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Laser technology for direct IR countermeasure system
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Abstract: Heat seeking weapons such as man —portable air defense system (MANPADs), various IR
guiding missile are the main threaten for civil aircraft and military aircraft. As the appearance of IR
imaging seeker, the effect of traditional IR interference equipment and infrared flares are limited.
Otherwise, direct IR countermeasure (DIRCM) system has been effective means. In this paper, the
international research on DIRCM and key techniques for laser of DIRCM was reviewed. Furthermore,
calculating method for dazzling area of imaging detector was given. At the same time, the research trends
of DIRCM and laser of DIRCM were forecasted in the future.
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HAMFHRBC IR, EH L EE
R, MM ABERESE SRR
(MANPADs) , % 204 il 5 T 45 o (i 45 X By
25 R GEEE R A B A s, B AT A R
P B RBE ARG REE T E, HSEE
BA AR BOUR Bz B A, T R o i 485 B A
RGA B 2~7 km HF 5 2~5 km, ©AT Hk L
2~6, HO A& AR EE H5r rfE n] R FLR G, BRIk
BETHL B 5 QAL B Rl SR MEAL S 45 2 R
JEFE 1 000 m LA ARZS RATIRZS I AT DLk A7 5%
15 g it Wos U 25 R A e A Lok, 2
vk Wl Z N =S R RS, 7o, EE AR
RAF T, LM R s X 4 HLE
T 11f5 25 25 21 A0 i) S 2 s 7 B R0 B 40 T B
PRI A AR,

(SRR AR N IS s Ny 5 1| e A T S
R NI e AR N e/ I EAI A N7 A W
5 55 - BOYE LA S A R A9 il 5146, Ik, DIRCM

AN E R IR, FELLAMXT O LA bt 5 b, £
B % DIRCM F 4t (1 L FH %% 51 M £ 51 30t 75
(jamming) /& & % 21 4N 20U (dazzling) , 0% 4% A T %
TEANWTHE T B 55 ) A P BR T L it AN
Wit i3 7t

1 DIRCM RGHRFARMEEHEDE

1.1 EELMFmIEARX

I FH O HE 7 22 1) £ A0 %P A RO L 5L
% S8t =R 7 =, Bl di R HOR B & R R R 4T
AT TSGR 25 04 5 FH 375 B =1 R DA s 2
XFPURLCR , Xty =2 i e =X 1) BORZ K R A
i B A 2 AR R T R B ) — bt it 7 =X, (H B T
B AR B RO G IR AR R R B 4/ 3R 10
25 T AR T, 2 km S8 B SE 1) ST R
WOCGIE D) 26 K TARRE AL, l R B v LA
L SEHE 2 km RS RO EOL  MHEOG T R R BR
16 2~10 W, TAE Iy =k i Sl s 2 Ak np =X

F 1 HAFEHIEBRVBOZM(BFRES 2 km)
Tab.1 Effect of laser radiation on PDA (Distance to the target 2 km)

Manifestation of action Jamming

Dazzling

Breakdown of detector

0.5-10 Matched

M f 1 w
cAT power ot laset, modulation frequency

Creation of a false target.
Relatively low SNR

Brief description of
the effect

Application IR imaging seeker

2-10 c¢W regime or high frequency
of pulse train

Reversible saturation of the detector.
High SNR

IR imaging seeker

10-200(>0.1 J)
cw regime or high frequency of pulse train

cw regime or high frequency of pulse
train. Reversible saturation of the detector.
Irreversible saturation of the detector.

IR imaging seeker

ThVE ThVE

1.2 EEOTmERER

[ 4% DIRCM £ 4t 5 £ AR M5 H 20 tH22 90
HERIFLR, ML & FHIUER AR | O =k
JE Bl 1 AR W gk 25 | 45 DIRCM 2 4t i 3155 1Y
Refe, HAERRUAWIR T, AR IR R YR R
KT VA FATAE R T 2r b S 2 B0 i I, iRy
AR ™ o SE4E) AN/JALQ-157 IRCM #45 . B
BEWOCHE AR KR, A 21 2258 | UL SMEOE 5
SR R X BR U, T A5 28R

- H5 1Y DIRCM %4, TER &, RHEBESG LY
Wt 1wl e b i B AGERE AL L
I 4 %) DIRCM 45 £ 3 2540 [ 42 [ 3 e ft 3§
ML, 5348, % E 1 BAE 23 Al | Selex Galileo 23 F] LA K&
DL %1 Elbit R G50y Al A & 2l &, L
MR ) S AL TR S B AR, H AT E A B R )
LA R G R HBOEEIR ,, BOGRE M £ Bt
F G AE I 7 10 © 0 7R AR 3 RR ik T A& A T &
BLVBCEECHL R R E ML, AR 3R 2P R
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Tab.2 Foreign major DIRCM systems

Designation Platform Manufacturer

USA Northrop G ,
AAQ-24(V)Nemesis DIRCM system orthrop frumman

BAE System and Boeing

Fixed—wing aircraft

Military transport airborne USA Northrop Grumman,
AAQ-24(V)large aircraft IR countermeasures R P P

Warning aircraft BAE System and Boeing

USA Northrop Gi s
Common IR countermeasures (CIRCM)system Small fixed—wing aircraft helicopter ortrop rumm.an
BAE System and Boeing

Tactical aircraft directed IR countermeasures Tactical fixed—wing aircraft,

USA, Sand
(TADIRCM) Attack helicopter » vander
MUSIC DIRCM System Military transport helicopter Israel, Elbit system
AN/ALQ-212 advanced threat IR R
countermeasures (ATIRCM) Helicopter USA, BAE System
MIYSIS DIRCM System Small fixed—wing aircraft, helicopter UAV UK, Selex ES
ECLIPSE DIRCM System Fixed—wing aircraft, helicopter UK, Selex Galileo

MONTA DIRCM System Fixed—wing aircraft, helicopter Spain, Indra

ELT-572(v)2 DIRCM System Helicopter Italy, Electronica Spa

E 1k imi Y s a VAR R IR 2354 G MANPADS RO 57 RAIL,
) AAQ—24 DIRCM R G P(JEH ML otas), k£ e
W B Viper 0GR, =7

Pl 2 %% Hi Prezident—s & HLIH T Bl MANPADS [¥) DIRCM %4t
Fig.2 DIRCM system of Russia Prezident—s airplane for
MANPADS defence

i [0 LA XL R G2 (CIRCM) SR T 2 % B
IR A REA, MOTENR S ,20154FE 9 A,
3 [ 1 B 3 A% 5 2 0w AR AT 32 [ i 4 Y aE H e

S [ ZL AR T R GG A = A Rl i i -
flg 1 iig:zj Eiiix jif;piiifir 5N () NHINH % %5 th 3% [ Selex Galileo 23 ]
' $2 4 1) 4% 780 BRI 46 ¢4 (ECLIPES) #0135 [ H OG5 55

2 R E 7 Prezident—s % HLEC S 1Y E M1 ZL4h /N F](DayLight Defense) Solaris 3% #% 2, 4Nl 3

XALRG, RS &R G =L IM0E . iR,
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(b) =

Pl 3 ECLIPES X[ #iL &4 [ Solaris #0645
Fig.3 ECLIPES active defense system and Solaris laser!

1.3 EEMAIEE#ES

Bifi 5 i) 5 0 R i 2 20 5 4R 8 2 # 4k, DIRCM
REH AR WIS IRk, R R REENT

(1) & R HAT B i i 0 T 3 RO 1 4 5 1 LAY
REAEEAR] S OETIRT: &)t s S A= L DO E 1 Wi N
EESR

gLaM S B 2B E A6 S 2R
2L ARG B RA T &R, Hoh W A
frmhEs hRES T ESSE A, BEr T
PRI 5 R X BT L S B A B . 2L
XPpeasse, P B e i i T 2w s VR T
ZTANGEDN 25 1 ) 1 3 B 5 A, B 2 S A0 8 £ S TR 2T
HNGEIN RS BT, 20 AN SR8 S AT BE
BT AR, X 2 AL G ) A5 5 O
AL R BOZ AT, SO R 1B RE— P
S =T A MR T B B AR 2~10 W, X R ZE SR 3%
SR Y T SRR K B Y AR A e, LA R
DIRCM % 4t i) i 175 3K .

SRR X B A 2T AR 2 AR RN BT L R
B RN PRI #8 R B JGAK, RRBIE F AR . ADAME
W28 R A AT I 1107, Z0AMEI 28 DG 1E 5 B
i (38 5 R JUMORD )L A 2280, 1™ AR F g Y ) [
1072 G, PRI HL e A AR B B B TR L
Ko B AL T, L fr A e B AL At A
2 B R RO G SR T OG5 B F A Y
“ER RN IR F AR TR L BRI AR R AR e AR

SR, ESOBHR B R AT I b
e BUREAR AE AT LAREHI R S JE R IE 3 TAE, P 4
RN SRR 0 5 B SR ) HigCdTe P #4800 28 e
B AT RS 2% | ph I AT LA U, e
107 pW/em? i, 500 2810 AR 250 60 4~ 3E— 254
RS LIS 1o AN B R X,
FMGZ XI5 YT 1 - RS e S 2o,

X =\/4/m (1, /T,,) ¢))
Aoy WIBRGZE X SRR 1, P 1 I EOE
SRR 1, A X T 205 2 0 R L 0 SO B
I

(a) ZLAMRI S BX 1 (510D

(a) Dazzling image of infrared detector!*~"!

1 000

100

10}

Diameter/pixel

1 lg=5
=
1.E+0.2

1.E+04 1.LE+0.6 1.E+08

Zimm
(b) HgCdTe Ha 0 il £k 1o
(b) HgCdTe saturated curve!®™
P 4 2L HMARIN S B K5 S HeCdTe 16 il 4
Fig.4 Dazzling image of infrared detector and

HgCdTe saturated curve

(2) AT LA AE I ZL AP HTE R

2 [ Bl 42 30T 4F Ok 4 43 A L AS A€ [a] £ 51 X 4L
(DIRCM) # GifE R — A& e Ji 1), 43 A AL E ]
XA SR O AL 5 5 i e 2 4 — Rk
wit, RHA— RO LG ol m 24
TR IRAAL B R BTBOG, A LR g n ot
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PRI R S5, (REL T DIRCM R 45 G0 2 R 4Ll —
AT AR A B KRB T DIRCM &
GO M TR R G AR

(3) fRIIFE R R

fRIHE e b — B RV R AR N, &
B ZLAMKT P R G DFE | IRBU R POE T HAE AR R
PLERF- & a2 4, HRTE ARG R &
AT L2 e K RVE AL Gz bl R Fp 1R ARl BTt
BLAEF- 5, Rl 25 0 A B A PR Tl B0, o v (S
AL LT A ) Bk B4 3 A TR I 75 3K i
F RN LLMURE 7 - G BRI, i — 2Bk 2
PR AR IIAE Rtk

2 ANFHIECERARKE LK RES

KHLF- 55 MANPADS %21 40 il 5 s g x it
R, ATl T 5 3 5| 5 DIRCM R S 0EE R
HRS S o 22 A 25 ek B A, A B AR JLRD AR N
SERL X RXTLLAMT IO AR R PERE SR T REIR I
3K, DIRCM R G ZREOEA “ H s EA R0 1E g
7O R XPLI TR K

(1) Jeik i 55

Z AL B I T 4 ) T A Y 21 SR 5 1 7 95
Bl B i e i KB an sl — 4R SAM -7
o725 F:5 “Redeye” ZLAMAR il T BCAR R 4 05 JE4R
TSR K FHAR A 1Y PbS, Wi B 1.5~2.8 wm ,
55 fC“SAM-14"  “SAM-16" “FN -8” % 2T 4} il &
RS W P BE 1.5~2.8 wm & 3~5 wm!™', 70 4EAL
e 20 AT 2R DA R T 1) AR S R
X —H ], 8~14 wm T 47 R (HACdTe ) £k 41 . 3 1) 52
FH, 2UAME - 1H BRSO RS, R UL Rl b, &2
AR 2 18R B — A EL AP TR0 2 1Y)
R, F 5 TSN TR A H 2B, LLesh
2 H R AR B, WA G LA A A
AP RBEAHE b d A S o BEAR
G LB RSP 4 ES SUIN oS s A 2o 200 8 DS RN S
AIA BT, ZEAP XS IS T ZE4E 1~3 pm |
3~5 pm 8~14 pm # N, XA GES 20 A R
(A TN A it B DG i, S B M S R X T

(2) AL

T ARIE IR B LL AN S R A T 51 Sk E ot
AEi BB AR T 45 G SEPRAE ROV PURE B, SEPR I & 1

3T 1 mrad BN, BARERIE Bl 2R RS
AT DK OGRS AU, (ER G o o £ A
M S WUNEOE RS RGO R, ART
DIRCM Z Gt i/, 1 H o T PR IEA 200 o6 AR
FH 3% B 306 R B B 2 S OL BRI RS B, 7E
XTHTTAE S P, S50 oA ISR IO 4 ™ 4 45 11

(3) Ja sl

B XU R LR, ZREOEEREIL T
RPN ZISEBE PR EDR AT TR | FR R e S
B AR FH A A ROGE , 2R IR
HENT B TA] R R RGBT R, sCEROGAR T
A — 552, RSO CR PO A BT BE

(4) RFR OB Fon] S

XF T DIRCM FRGe i, /N | R 20 50 X 47t
OGS AT 5 5l e M BRAIR R G AR ; I AT
SERPERE TS N HLECE B RSl . e X TE R TAE
SEPERF TAEAEE , NI, ZEANXF B ot 75 /N Y
1k B CR K n] SEME— T2 DIRCM Y [EA4 752K .

#£ DIRCM RS RAEGI T, LLAMPLROE
EE 5 NN IR W N T s S € 8 62 Ly e i e o -
AIZ 8% (0OPO) Jr X | &t FRERBOLH OLLFi
e EEE FIRBOEER — Ak AL AR K
2.1 OPO AR

OPO it J7 X — T 2 20 40 i 1) % HL 3O 4% 10
RGN, AEBO TR & kb Rg it . = G 00
R EEH TR KO IR . OPO THIE
J5 AN A 3845 T X EA BARBOGA ROGLR B0
PRI, 7E VIR AR B B A PPLN iR S
ZGP fhR R AR 2 PR i 5 B B AU SR, SELEX
GALILEO 2wl i) 2 I Bt Ot 4% R ) T PPLN 5
ZGP Gk 1) 7 S ARAT 2 K IR I i e O R A
JEE 5 iR,

[#] 5 SELEX Model 160 ¥{G#
Fig.5 SELEX Model 160 laser
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TE OPO AR i 4 v B A AR A 1% Ay 06 )k 1]
W5 R 5 8 2% By @8 S I 5% 0 (ISL) A i i, L5 i
BB R R SE BT OPO J5 =T 1 £ % K R
R G i . B8Rk I B 98 )R Espen Lippert 5

Tm-fiber laser

AKH 1907 nm 42 Tm SGEFHOG A 50 ZGP 3K 15
e EA P R B R RO HER TR
B A 6 Rt

2010 4F, Espen Lippert % AFIF 70 W 1 907 nm

Collimator 1.9 pm

i

PRSIy M4 | L4 Pol RTP- 17 " Eualon § |

. ) H ZGF [ BS EQ b2

3oum&dbpm 1 | —— P2 0um A\ M= [ ——1 M2

0\ S L v, ==V =1 |
My RTP Wave- 1 Q-switch 2 H
MW OPO EO j Plutes ! 7 ifd-plate!
____________________ i == (//dand +/4) ' c 1
== 1
I

1

SW/LW OPO

Ho-laser

Kl 6 # Tm SGLFROLER TR ZGP St A
Fig.6 Layout of a Tm-—fiber laser pumps ZGP

B Tm S BOLER AR E MBI E 0.72% K JE
25 mm %) Ho:YAG @i, FOGHE 700 um, 3k
4T HEA 45 kHz T 42 W SE TR, Al i
M2 K 1.7, Bk #h 9 & 24 ns, ] 37.7 W 1 2 090 nm
HFE I “V7 R OPO 5,345 22 W ) 3~5 wm H414h
iy 1 DGR 58%, BERALEE 75% SR T M?
T2y 1.4, [A4 Lippert 5 R =B B 4544
BT 8.05 pm EH IR 1.5 WA ACEfy i, 52
5 R B S IR R S A 38 kHz O Q iz
1) Ho:YAG PR #% , 1L 7F Ho: YAG ¥R s N4
AABM TR F-P drifEHEPE T 2.090 wm P,
PR AT T 2,096 wm , 13 K REAE 7 A8 5 /5 1 D) e i
th R 2.09 wm AYZEHDEPIGE T ZGP SR iARIA
FURRACERE SR ERCRA B0, 8 R, Sk
JEF] 8.05 wm I Hi i FITNEGE R 1.5 W sl
R 4.4% , ELAH I B S 5 ) B R M2 R
S8 1.9 A1 1.5, 65 S 58k 50 nm,

Ty Ah, B8 B BT 5E T (ISL) W 7E OPO 11
iy T aE AT TR B 5T, 2017 AR AF 5E AL A
Martin Schellhorn 55 A8 1 & fig it ik o | = 6 o
L0 AN B OPO F 98 B AR, #E 100 Hz R
WRTR W L ANEOE S K P RE S A B 33 m, ZE LR
JE R T ELA 5 RS, Martin Schellhorn %5 AR

H “fractional image —rotation enhancement (FIRE)” 1t

PeAMER) OPO 520, L8 715 56 3.8 wm YeH i &
M2 K F250 1.5, IRHOE 4.45 pm SEH R M2 1
200 2 O, HBET R 7 FrRe,

w2 Polarizer
Ho : LLF I i
Idler
00
Signal
¥
Beam
dump

P 7 @ ag ikl S OGRS PR £0 40 FIRE Ot
Fig.7 Schematic outline of the FIRE ZGP OPO setup for high—

pulse—energy, high—beam quality mid—infrared laser output

22 XRESEHE

T2 S ARMOE 2 (OPSDL) 2 1T 10 4F KOG %
KR —A 2y, HFEEL AN 8 fir/n ™, OPSDL
Chip J&—MAMEA K I T GaSb [ 5 T2 ¥, Hofr
W E— oA AR hiA% =455 (DBR),DBR 1E K
OPSDL JfE i 4 e 5 45, 2 ARG IX 42 K 7 DBR
B4 T S 1T, £ OPSDIL Jis 2% 3 oA — >4 A ~F 1]
B W DX — AR A Y 980 nm RO
B, LM M B A REBH R AT
OPSDL # f I 76 # i SR Y il — A~ EL AR JL A oKk
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(R 2R3 Y s , 3R Y s ELAS A OPSDL fi A7 R 4-JT
Bie )45 R T AR AR B AT R R 2~2.5 pm BOGH
th. HHT,OPSDL T AT LASE BRAG I (1.X wm)—H I 11
WOt | 58 1 23 42905 % (AFRL) 19 28 7 SCHk b 4
i T OPSDL fE 3~6 wm J47 (% 0, 5 4h, S H
TEHEAE A = T OPSDL 7 R AE L ZL4h 2 pm (1)
i ELER IR 5 WO R ECR KT 25%),
ik vhdg 16 W, Bk b S8R 112 nst

Pump
laser

OPSDL
chip

[

Il//
B -\

Transparent
heat spreader

Laser output

External mirror

8 JET GaSb ) OPSDL 7= & 4]
Fig.8 Schematic of OPSDL set—up based on GaSb

2.3 EFRBEAIR(QCL)

E R8PS B RIS SRS UNT Bk N SRR N
BOGER O RER F 5 B G, #F
RO R SRR A R SE L, 20
BETUFRBEERARX, &P e BTz
B, SEHOGFAEE RO AR T LU 55 0
LLAN AL AN | R R A R B AT
e e KU I B 3.4~25 pm, BT
Bt LUK o i s i, BKSE v AE ns 40, &
SRR IR 100 kHzM, FELLAME] S X 1408, QCL
HHAR GGl 25 3~12 wm FPLroh K kr o wi
AKRAHE O, R AT BT,

(1) QCL 5Tt 2

1971 4F , Hij 78 Bk 29 € AR Yy #AF 52 t Kazarinov
H1 Suris #2141 TR T 2 & FHFP R IR T
AZ A DLSEHOE R A&, 1994 4F ) DUR 5255
FEARI B S — R P RIHOEE Y, 2002 4 FE
QCL (1) % e i v Ji B (A s M g e S 5 — & IR
%22 9.1 pm QCLs [Y4RIE™, 2004 4F, DAPAR %% B)j
WA~ BhfE QCL & Emymi H , 5% —A~& L-PAS (laser

photoacoustic  spectroscopy) i H , %51 H #9 1 J&& fiff
QCL M S5 E 10 SEHT . 5% — > EMIL (Efficient
Mid Wave Infrared laser, EMIL), i# i Au:Sn fifi f£}
VETC AIN 48 5 P9 HCR B0 T2 S BT DL R
FHAE AR HU(NRE) #1107 U5k 11448 QCL FIH]
]2 5 - PR YR HOX —MES, ff QCLs
IR MLt mW T2 1 W LR NRE it
J7 5 B SRR HE T QCL 14 /55 Dy | = 850R J i
KAhkE,

[ 4R X QCL WF 5% 431 56 4 B A7 35 [ PR Ak K27 |
Daylight Solutions Al Pranalytica 2 w] 4§ P fif |
Daylight Solutions Fil Pranalytica 2 F] 75 K T 3% % &k
TAEBE 2L AM R T IO A8 T 1 58 il I 5 i
TARERDEAR I K s I e i 1 D 32 iy v 21
S PRI CET , I USRI R B SN i S8 )R
HFREREOGAR T, AR T R 5 E 20y 1 56 T
R EE TR, £3 N Pranalytica NEIRG NG
2015 4F & R M N B 3 QCL #8452,

* 3 B H QCLs #5#x

Tab.3 Performance of commercially available QCLs

Wavelength/pum Output power/W WPE
-4.6 >4.0 >16%
-4.0 >2.5 ~10%
-7.1 >1.4 ~10%
-9.3 >2.0 ~12%

P, R E VAR E T 3~12 pum, & iR %
SR TR IAE] 5.1 WA QCLs A AR 21 7 Jik of
Y QCLs WF 58 J7 1, BRI 2 1 D) R ik
F)203 W, 545 Fb 0.02% , ik b 5 FE 200 ns , 5% FF ik
156 MW cmlsr7131 ]

(2) QCL 353 K D320 R

QCL Wy £ 23X R gy AR # H 2, i
QCL #1528 R G AT 5 SR H] TEC #1142 %
ARAHBR QCL s H B = A iy 34 I K A %% 2
AR 5 LA 20 30 5 A QCL St 2 2 4 Hh A RO
G RN B BT RS, L — DR
FrEs T SEE, anE 9 SR Pranalytica 2 ) HiL 7 fily i
Y QCL Al ff &84
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QCL, thermistor
submount

AR-coated §
window

AR-coated
collimating lenses

[ 9 Pranalytica /A w S %4 ) W1 QCL 20 1 3 4%
Fig.9 Photograph of typical butterfly—style package of

Pranalytica company

(3) QCLs Y4 A ik

QCL A PR FH 41 i 38 o o 4H 4 (Wavelength
Beam Combining, WBC) /Y 5 #7615 4 & AT %
TR, BV 3 2ok 2 5 i XS R 2 I | DR AR
T 38 3 6 2 B I 2R 495 S B0 s O TR B ) B OIG TR
R E A 10 frRe, 2L G, QCL
14 ] LV AT BE/IN , B iR 100~150 pum Z [8] =1

. Pre-collimating
Fourier lens
lens

QCL

array

Output

beam

Grating

Output
coupler

E 10 QCL Xt Hu it I B (&

Fig.10 Schematic of QCL countermeasure laser

25 [ P A6 K 2 R H R AR o AR X R B
(SGDFB)HZ A, SEHE T2 i N QCL 1y 5eat L Hils , If
ST X QCL MR RUAR T, B 11 S HARIE ) \A~
SGDFB QCL 1442 it Ji 2 1] B gl 1< 8 [l =1, 8 4[]
BF%E 2 100 wm 4 SGDFB QCL il it B FOG R #&

Back scctions Front seetions Beam combiner

Laser #8

Laser #2 =
Laser #1 -

InP substrate. Laser waveguide ||l||l solation |||IIu|r|I
hlnnl ombiner

(a) SGDFB it %
(a) SGDFB laser array

Wavelength/pum
6 6.5 7 75 8 8'3 9 93

"1»2 #3 #4 M Hf. n".-’ :;8

Normalized spectral
intensity/arb.units

1 600 1 400 1200
Wavenumber/cm

(b) SGDFB #t4ks & MOtk
(b) Combined spectrum of SGDFB laser array
11 SGDFB #6451 1 SGDFB #4514 Mokl

Fig.11 SGDFB laser array and its combined spectrum

ar TR G, S 6~10 pm PR ILFLAR S T HR S
O B AT R I O B AR S AN URR, SR
G AR 2 MR S BEAREUR S, B iR
1 800 wm, i FAYEFE 10 wm , DLSEILEASS H

TE S22 £ W T, 2012 4E 2 H 6 H, Northrop
v\ Bk & Selex Galileo Ml Daylight
Solutions 2 &) 315 35 [ 425 47 56 HAR LD AP Xt
F Y48 (CIRCM) & A Al L 32 22 4 AR R 552 R FH it
TR T SRR PR, DARRAIR 2R 5 4 o ot
P TR BT, 20 B R R T OO A
By 1 DRI 3R 3 20 W, L [ Daylight 23 7] 5% A0
WBC Fik, 3145 T#id 15 W RO b, =5 E
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