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Abstract: The combat capability of a military at night is largely determined by the quality of low-light
night-vision equipment. In contemporary military conflicts, various countries with sophisticated
capabilities have been actively advancing low-light night vision equipment to achieve a substantial
transition from “one-way transparency” to “exclusive control of the night.” This study systematically
reviews the global development history and technological progress of low-light night vision equipment,
focusing on the progression and current state of development in three countries: the United States, Russia,
and France. It also explores specific investments, technological innovation paths, and actual applications
in the development of low-light night vision equipment across these nations. By comparing and analyzing
the developmental experiences of various countries regarding low-light night vision equipment technology,
this study offers a reference and inspiration for the development of low-light night vision equipment in
China. This comprehensive analysis demonstrates that low-light night vision technology is crucial in
augmenting the combat capability of the military at night and guaranteeing national security, indicating
that low-light night vision technology will play a crucial role in the military domain in the future.

Key words: low light, low-light-level night vision equipment, third generation of image intensifier tube

WS HER: 2022-12-13; {&iTHEA: 2024-12-13.
TEEBN: 28 (19740 , B, g mem A, LA, ESmf TR, —HENEROCRAEARSUEIAR K FE . E-mail: chh600@163.com.
BIEES: A% (1968-) , B, BRIUHREMHEN, LS, TR, —BENEMOCRE ARSI 0 % .

1399



46 #5121 AN NS PN Vol.46  No.12

2024 12 H Infrared Technology Dec. 2024

0 2= H I 4 AN ESHA £ 80l 2022 45 12 A B,
=

FWOCT AR ARFILL AN TR B 2 F R
AR B SWOCAIREAR Z 45 H 5 54
MR R R 222 R R S, ¥ NIRAGEECA 5
FIHEGEES, RO B I R Es ot A L
BRI, R BN, ZBRARSE . G0
AIIOEENE, 1R IR AE A 3R A [F] B A — A
ISR -

TEEFAUL, OCBAREAR SCHE OB 2
HOERNE AR ML S EBEANR, EIAREHR
PR A T AT ARk B B . R AR S,
AN ZEH R E N 7S] “ R E e B =
BB 1RSI, HRAE R I R RO RO 4%

H 20 40 40 AR, S E I OB
MEEAR AT FC . 1E 20 tHhed 40 R E 50 4K, 3£
EMF 53R ETLBE AR (RCA) WEEE—RIT
JEWOCR AR AR T M 20 tHh4E 70 AT, T
MR R] TP KR, HAEGSH1E Bk
WEZE, @d2HkkE, £E. B2, A&, B
A E FAHGARA T R & RO B 8O
B PR OB IE SR S BE I A A w], SEEEA
WOCTALEARBE TR “HeiB N7 —— Bl ZE % e 5
= (NVL) Fl Intevac A 7], Intevac T 2022 45 H
HTF NS HTTHE LR E R H AR AR EOTEC
(EOTEC 7 2020 4 3 J M3 3 2 H P AW L3
Harris A w73k Hk, FERLEDHMESR A
RAZEH N H A Boe B HERD . =ARAR0E
WERAS A= R ITT AR WS -8 2 A H .
ITT Z 48N ITT/Exelis, $X)5 & Harris/Exelis.
1932 4, ] Litton 23 7] 2 Hl3& AT HAE AT
A% 152 A5 [ L F A W], 1998 4 i Je i il i D o i MCP
OB ERES, 2001 FiZA ALY E-SE 2
AT, BRI TR AT . A G ) 2002
WP ARSI T L3 AW, EE R
H B 454 L3 Electron Devices. Harris T 2019 £ 5
L3 & 3F W57 L3 Harris, Harris (Exelis) FJRALEE 7
553245 T Elbit Systems of America. BT PATILAESE
B K = AROB 5 3 5 45 13 75 /2 L3 Harris (X 44
L3H) #1 Elbit Systems of America ( X4 ESA) . %
P Wi Katod A7, HZAH Hamamatsu Photonics-.
NIL Nakanishi image lab A ®4E, EXIF Photonis
/3] Siemens AG A T IEH Y 2K FTAZ G 55 28 4= 7=
IR RO BN LHIE RS« Photonis Group J21E
2005 “F 5 DEP. Burle Al Photonis ZH /%, Photonis
1400

Photonis Group US4 T Xenics. Proxivision. Telops
A Elmul W95 #], JF44 79 Exosens, Exosens Ff
THT 87, PTAMSERNEE S, 5 HE
MR AN B IR AL A 2060 B AR A e 4%, Tl
AR TolkdEd]. e Ep KT, H
HIOREH T 4 A7 0 ik Photonis (3§38 88 /= i
S ERIM 2 )« Xenics (ZLAMEEESAAAL) <
Elmul CHE-FERIMES) F Telops (75 Y61 Al il v 21 4
FANL) o ARSOMEAFRER. P H, EEEFEK
WOC AL #& K FRBVIRBEAT TAEE, JFEHEH 7R
OCT AL ) R B

1 EEMAERINEE

WOCR AR & 1% O R OB G 2SRt
T E AR 2% £ 11T 75 S AU A A8 SR a8 AR
5 E ORI 28 35 2 = RBDE B IE5E S, P GaAs
JEBAR . BB TR . RUE AR R E B
RN EARFRE. 2 ZERE, EE =R
B sR AR SME AR~ QI35 LR AL, 32 A
A 3 MRERLS, 730 8 : MX10130 . MX10160
B MX11769 ., Hodr MX10130 B =064
RS T PVS-5. PVS-7. LUCIE Zf0k3E 4%,
HATHA F O LK MX10160 T = AR50 (5 18 55
WHH T PVS-15. PVS-18. PSQ-20. PVS-14 L%
HWALAE PVS-14 Ffl b0 XU ML B 26 4%
MX11769 2 = ARG G IG5 4 5 MX-10160 2 R~}
FEERFELL, RE2 7 —PMHEAEF30TT (manual
gain) Thig, WHT PVS-14. PVS-31 250k 4% .

N TR = AR RS R, RE M
1975 FEIF4E)2 31 T “Omnibus X7 (2 FIRE N
56 BRI THRID = ABOE AR A T3 2% R T-%l,
R NI R ENE, T 4~5 FE—A6F
By, 1zt R S T = ARROGAR I TR RS R A
K. [FEy, fETHRIsSed i 4, =ARMobg iy
A 3 PR ES S SR RS R AR, AR
FE T REE RN, A ATE R T RIS & A
7= ORASFEIH PSR TR R . anSe
Elbit Systems of America A, 435 MX-10160
A, MX-10130 FF1 MX-11769 U HFERE, 58 K
F9800. F9810 Fl F9815 iX 3 K R A ™ A=, 7 i
HEA ] 1R 7R . & 10215710 1 32 [H Elbit Systems
of America 2 F] —ATOCE I SR 2R RV AR TR
Fro MBS T AN 1 0] W, SARFE O B3 A,
X ARG Y 5R A S 25 M AN 1 RgEAT G2,



F465 F12H

2024412 FEZ5 B 55 MO R & R 0

Vol.46 No.12
Dec. 2024

—
[l

(a) MX10130 {5528 (FO810 &%)  (b) MX-10160 HU{% 15528 (F9800 H41))

/

(c) MX-11769 BU{G 338 4% (FI815 &RF)
(a) MX10130 Image Intensifier (F9810 Series) (b) MX-10160 Image Intensifier (F9800 Series) (c) MX-11769 Image Intensifier (F9815

Series)
Bl 1 Elbit 25 ZAUROG RIS 55 &5 7 i 1)
Fig.1 Photos of third-generation low-light image intensifier products at Elbit systems(!]
# 1 ZAUOCRAG R R S BORAR BRI
Fig.1 Photos of third-generation low-light image intensifier series productst'-?!
] ] F9800 ) F9815 )
F9810 series  F9810 series F9800 series F9815 series
Performance parameters series series
YH VH M24H M24H
M22H M22H
Sensitivity/(uA-Im™) >1800 >2000 >2200 >2200 >2200 >2200
Radiation sensitivity/(mA-W-1)@880 nm >80 >100 >120 >120 120 >120
ultimate resolution/(Ip-mm-") >64 >64 >64 >64 >64 >64
High illumination resolution/(Ip-mm-")
>36 >36 >40 >40 >40 >40
(@2001x)
Signal-to-noise ratio >25 >25 31.2-343  344-375 31.2-343  344-375
Quality factor - 2200 2400 2200 2400
automatic automatic automatic automatic automatic automatic
Power supply
gate control  gate control  gate control gate control gate control gate control
Effective cathode diameter/mm >17.5 >17.5 >17.5 >17.5 >17.5 >17.5
Reliability >10000 >10000 >10000 >10000 >10000 >10000

BoOD AR, SRR DS R Rok&
& PAZARE G0 Y 5 1) = AARO A i 25 45 1 S
FIAREEAL, SR dF RES SC I = A0 GG 5 2% 22 6 2|
OB IR “HBRRENIHRNH ” BOR, Bk
JE 45 = ARG G 50 28 I S 4 i [R], BRARTSOE RO
WAL A TR — RS R T, RARYE =
REFE AR F AR IO REAN ], X = AROB B o 28 247
S, DMEMH AR, SEEUEM EL Bt
1.1 EEMERGERMARINES

EFEMTRAGHMAERMES ETER
AN/AVS-6031 (F4212/F4210) Al AN/AVS-9 (F4949) ,
HIhREAIMERE iR W T
1.1.1  AN/AVS-6 X H %t 52

AN/AVS-6 (F4212/F4210) YAT G i 4 32 3
T e B CHL R AT RAER M B AR WL 464 T, AR
2 KATAIACE (NOE) KATH BN M. &
1T BRI AN/AVS-6 X H HHim 4%, AI7E K246

FERRAET, RIFR = G o FERFNTE MR, EAK
FREE Tt B RIFERE . BB MX-10160 7 =A%
OGRS, B S LA I 1 S8 E
AT 55 ok H 2 WA 3R A B AR 1 B O
AN/AVS-6 (F4212) F=fhl8 i 2 fros. HE#E
YERE S H Y HE1 KT 0.76 cy/mr, LI fMILkE] T
40°831,

B2 AN/AVS-6 (F4212) 7= 8 fB
Fig.2 AN/AVS-6 (F4212) product photosl]
1.1.2 AN/AVS-9 (F4949) X H &A1

1401



46 #5121 AN NS PN Vol.46  No.12
2024 12 H Infrared Technology Dec. 2024

AN/AVS-9 (F4949) K17 M B /& AN/AVS-6
SO RY,  EEA T AT RAE RN B AR WL AT
KAT I A B2 B F . BE & Elbit Systems of America
F4949 R/ 60 Z4HF/M X RIE, B OBHA
5 [H = ERNGE PR ER A VAT RS, e AT R
RUREG . ERAmaPR, mia. L4t
M AT EEMELE . AR . 5 ORI
(A B R . TG IF HOCHe b & M si
PESEIEFN B R AT SR B e AN B ARy . S,
BRI A5 = RO AR GO R T
Ny IR AT RS JE 57, AN/AVS-9 (F4949)
BNy 4495 Eoobl, =R AFWE 3 Fiw,
AN/AVS-9 (F4949) HE MRS # KT 1.3
cy/mrl®l,

K3 AN/AVS-9 (F4949) 7=\ e Frlol
Fig.3 AN/AVS-9(F4949) product photo!®

1.1.3  EEMT KRG HBOCR IR & KRS T

M 25 58 G FH R B 0O & R B 23 R
W, FL TR R AR K A TR T i T =X 45
MX-10160 B =MREuG N mas, HAZEHELE
AR BT 5 LA e 25 1n) 4, DAV ol B o 6 1) R
KE, EREAHERINEEHE. EEmati. e
WA S RN, TG . T R EEHT
W, BB IERE IR IR TE, R EZ O
=ARBOCG RSB A Frie . B = Ao 5
s ANWTEEE o HE ) WA ANETIEE . T = ARG
TR IG 2SR AL G ) — SOk, I T
HOEPOEH, 5 ARG EIUTAD, &7 A5
it o
1.2 XEMEESKRGRMERIEE

5 E U THAE AR R G H OGRS & F 5 3 Fil
FEAME, 455N AN/PVS-23. AN/PVS-7.
AN/PVS-14, H4F, AN/PVS- 15A/15C KZ)F 2000
SEFFUR AR, VBT T TN THAE &% (10 H AR 4
B A 25 22 2 A6 249 B 03 [ R e P S AR A A SR
M=o G agEes, E28h L3 anl4dr”, UE

1402

VUM AN 28 B AZ O AT & = AHOG AR I 9 2
WA e JRe LR R
1.2.1 AN/PVS-23 W H®ME (F5050)

oM E B R 48 AN/PVS-23 Night Vision
Binocular (F5050) , 1] Ayl 25 G (i Sl it ()R B
RN . RS PR U if Y Elbit Systems of
America F5050 X4 B im 85, 45k AN/AVS-6
ANVIS 455, 3 HECA T hrdEf s 900 165t
AT MX-10160 =BG, BA M AR
FTFASLARAR L TR Bk A, T DA T4
LR B BE T 1L FH £ 2 L s a5k an e g1,
AN/PVS-23 (F5050) 4 8549~12136 £t
FEa R 4 B, HAERE T R IR 2 HE TR
T 1.3 cy/mr, FJEHEE KT 6000 cd/m¥/1xP1,

K4 AN/PVS-23 (F5050) 7= & liE Fr o)
Fig4 AN/PVS-23(F5050) product photo
1.2.2  AN/PVS-7 X H %8 (F5001)

M TH 2 4t AN/PVS-7 Night Vision Biocular
(F5001) , 3= 22 T+ 1 i A= 5 50 A S5 3 v B FEE A 55
BASERI UL IR FHERHTIRE, Rah s
IR-on fE7R4T AT MX-10130 BU5 1850 8% 5 Bh5ma ik
Ryrohae, TR, SRkEAECKH A, St
BAE. PRI AW S s, HEZMERS
JIRT 115 cy/mr, 5EfEHE & KT 3000 cd/m¥/1x100,

K5  AN/PVS-7 (F5001) 7= i fr(10)
Fig.5 Product photo of AN/PVS-7 (F5001)!'%
1.2.3 AN/PVS-14 B HEMEE (F6015)
AN/PVS-14 Night Vision Monocular (F6015) ,
T 2000 FEIF ARG, fE S A AL R i [ KB 4
R —A s H ARG RA=ARBOGER G 5, 3%
1 L3 /A "] 1 Elbit Systems of America 47 . ‘& ] il



F465 F12H Vol.46 No.12
20244E12 A FRF B 5 EAMIOE A& R BT Dec. 2024

I A B 3k b B e e A I S A
MIEA K % b, Wridd R T e SR e e e llds
AR RS BAE

AN/PVS-14 . H W6 3 2 H T £ E % 2
S L INVWSE s T % AN = S G E A L))
RE A8 T BB S A AR 2644 T PO Rt A2 30, T
TR H 2B EH KA. A HE Elbit
Systems of America F6015, ‘& &3 % 4k AN/PVS-7
Ja R LS 45, AR T HAWR B 2 A AE T,
R RE TSR, MR Siah, TOTRE.
A 222 AR ML IE oA Tm 1520, P9 B 2 mT R Y
MX-11769 = ARG IG =T, TR - T iE e
IR E R BB AL H b, B RN, 3628 7] i
FIREAT, HA IR BRI SRR AT RS
TR R I BEDS), 44 4295 5ot 77 L IE A o
6 Fion, AN/PVS-14 HHRMEBCREZE N 11,
A SEPL 25 mm B JE 75 37 5 A2

Kl 6 AN/PVS-14 (F6015) 7= i A2
Fig.6  AN/PVS-14 (F6015) product photol!?]
1.2.4 & [EHLTAE SR 2 98 O IO 2% 46 K e o it
MEEE HTHAE SR R 3 BROE R AL &k
E, EALRA T BRI 3 RS 450 =50
BI5EEE (MX-10130. MX-10160 F1 MX-11769) .
X 3 FpANE S5 =BG RS, B T AME 4
ANE, M REFR AR A BT TE, DhREt A B4,
MX-11769 T3 HN 1 34 25 4N 15 DhRE, AT AH
XN OGO B % F g N B 2 AT DR, 3 4b
X 3 BB ANEE & AE AN TR RE 7 A 1R K
Tt M 3 MO B & HORFEFR AT L, 3G N
T TRE A B TS F B S 3L S
REJTHN . B B REMAI. SR SR, LA
REN—ANER, T BB O RO R & wT i g B
PR EI H 8, ¥ H SRR E A CCD/CMOS
AH A SIS et MR L S AR5, WS
PR K
1.3 EEHEMIMSZAEREBMARNEE
F EH R AN S RE AR & FES
7 FASS, A ANVIS-10 VY £ X0 H 740 5

AN/PSQ-20 (ENVG) H. H 5485 . ENVG-B
N H B 58 R A4 . AN/PVS-21 i & 237 S 30 H 7%
&S, AN/PVS-31 XH®AEE. BNVD-1531 XU H
WA B FHET EBAPS BT WOt R G-

1.3.1 ANVIS-10 DY a0 H #4045

WK 7 Fizn, ANVIS-10 PO XU H 880 8t
FRA “A WM ” (panoramic night vision
goggles) , TMIRVENMTRAAER, EEES
EEEZE A-10 “FFHHE 117 byl AT R, @t 4 4
WIEPHE, R TIE 970, RRAT Rt
BT R ER BT
1.3.2 AN/PSQ-20 (ENVG) Hhag 7 s 2 i i 55

2008 “Ff 5l NVEH MW E R EE
AN/PSQ-20 (enhanced night vision goggle, ENVG) ,
s&—3KH ITT Exelis Jy3 % T KIS = ACH A RN
B, ERA T ROCGIE BN AR, ik
TEALR AR DR B W X P A AT [F )
Ja B AE A . ENVG T 2004 F#7 35 [F %0k
TERARKIBIN B LI H PR e, e E
SIBIFT /N, IERESL N “ANPSQ-20" , HKHnl
REELAX AN/PVS-7 Fil AN/PVS-14 %5 1H = H R AN
B KGR S BT o s &, SEE R
YRGB fe - 2L F 2008 FHF 46K H AN/PSQ-20,
AR ENVG i &Rl R, A0 55 ki 5 K
B E T BB ALE DR .

1.3.3 ENVG-B W H #4585 % M 855

2021 £ 5 H 8 H, SEEFGZEL 2 B e Iiiss 2 i
BE TR AR BN (SBCT) JFah ks « W B s AL 1%
M (ENVG-B) 7, EEAREEEGHEA, 44
BESIMOAE L, /BB ER N A6
RS, MHAAERE, BEREEIEREE B — 4
FierEr, LRI L.

ENVG-B XU 5 A8, & AN/PSQ-20
(ENVG) duihie, &2 H a3 B bk % 7 R R E 1
B IR B, AL AN/PSQ-20 (ENVG)
WAL, B Ao PER BRI — MR
TR NFIEN, o] DLEAT PR H Frde RS
SRIL SR, IR AR SR . 7 R A
7R S AN 9 BroRi4,

1.3.4  AN/PVS-21 Jin [ 547 2 XU A%

AN/PVS-21 AR /2 3 [ STS 24 7] A7 1) — Fl
I P & E R G, HAarEE. EE. ngEkR
DA K 55 KR 5 22 A [ SRR P AT e & 1 IX Pl
M. B AT WL AN IR RAS (2 Thfg, W]
DATEE S R R PRt iR as i &ae ), B

1403



a6t 5121 a4 B R Vol.46  No.12
2024 £ 12 H Infrared Technology Dec. 2024

B HUD Eonds. PRI, 7B R%%, HUD . ATFE LRSS, ROR RO A
ERATAB IS AR B E S, Ry E AL e &, BRM L3 Al bsEsx O EOR, BAT S
71, LB E TS B AT U B R GUE N TR E BT, 5 E s H Bt ft 7
W75, WA RN WA 558555 & 25 1 OB A BIRINRE )1, BARIGNK TR, "

Ste AN 10 Frosil SR Ak Z SR A, T s RS A
1.3.5 AN/PVS-31 XU H &4 Jie % X H RO B BT AT A H AR Dy B H RO A

AN/PVS-31 & L3 A a4 7= ) — 3k Sk . RI5H) F, WSGER IR B 3hoe], IR gDk Zie, p=
MH AR, R MO RS 4, S5 s R 11 FiR
A HE AN/PVS-14, AT g, g

MAV 3 g L % ’
Bl7 ANVIS-10 e[S K8 ENVG se#EUs)
Fig.7 ANVIS-10 night vision gogglesl®! Fig.8 Binocular enhanced night vision goggles!!]

= Sl e s -
(a) FER R (b) 7= R R R E
(a) Product photo (b) Product application diagram
K9 ENVG-B XUfa i 3 B4 A AL I g 1)
Fig.9 ENVG-B binocular enhanced night vision gogglest'4l

Kl 10 AN/PVS-21 75 E09)
Fig.10 AN/PVS-21 night vision goggles diagram!'3]

1404



F465 F12H Vol.46 No.12
20244E12 A FRF B 5 EAMIOE A& R BT Dec. 2024

Bl 11  AN/PVS-31 77 i g Jriel
Fig.11  AN/PVS-31 product photo!'f]
1.3.6 BNVD-1531 ¥ H B4
BNVD-1531 XUH MR L3 AFA~H), &
4547 AN/PVS-15 Fil AN/PVS-31 B, 505/
Bk, FHERNRBASTFRARREATERE. K&
T L3 Harris fil1& (1 = A B 21142 = AR5 58
A, KA S (P43) B 5 (P45) BiFl . L3 Harris
F R SR AR N VE RN St 1 5847 H Fn s il AR )
REJTo W IERGAN BB R E L B AR E AR, 1E
TEARFABH R 880 7 X LLan s, Al Ak et s
ZSEAE BT, PR 12 B

K12 BNVD-1531 7= i i 07
Fig.12 BNVD-1531 product photol!”]
1.3.7 JET EBAPS M FHOE R %
FHF Intevac 23 7 EBAPS #2844, EELEHF A
7 4 3K EBAPS MM dh, 4374 Night Vista
VISNIR, Gated SWIR, Apache #1 Digital Night Vision
Goggles (DNVG) , Wi 13 frxl,
Night Vista VISNIR AHAL AT AR B2 J I 24 58 3|
T AR T IR B I B : Gated SWIR AHAL P2 75
MEARBN BRI T, & T AT H AR E A AR

AT KI5 Apache AHALN 7R B B LA Ath
%37 RN DNVG A\ BE Gk B El TR
8 09I,

H 7, Intevac 1EXT ISIE19 EBAPS 4% 888 47
F, ¥ 5 EBAPS 4 /£ H Intevac [f] ISIE19 EBAPS
FR B2 S e seR0,

(a) Night Vista VISNIR HI#HL
(a) NightVista VISNIR camera

(b) Gated SWIR AHHL
(b) Gated SWIR camera

(c) Apache HH#L
(c) Apache camera
K 13 £ Intevac 2 & PUEKAHALIS
Fig.13 Four type cameras of Intevacl!®]
Intevac #1JF X ISIE19 EBAPS f&/&#s, ZFIK
I, Wi 14 proski,

(d) Digital night vision goggles
(d) Digital night vision goggles

K14 a8 (DNVG) 121
Fig.14 Digital night vision goggles 211
14 ZEMERMEZELRIH
FRAE 22 EROC AR & K SEDIRE, S T4
22271, 0l 15 frse.

1405



46 #5121 AN NS PN Vol.46  No.12
2024 12 H Infrared Technology Dec. 2024

Night Vision Equipment Development Timeline
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