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Tab.1 Technical and tactical performance of precision guided weapons in the Russian-Ukrainian conflict

Model Guidance mode Warhead Range/km Speed/Ma  Hit accuracy/m
Inertial navigation+Satellite Submarine-
3M-14 "Kalibr" cruise L g . . 400 kg high bursting disc ~ launched: 2 000;
.. navigation+Terrain matching+Active . Max 0.8 5
missile . . warhead Ship-launched:
terminal radar guidance
1500
. Lo . 400 kg
Iskander-M (9M723) Inertial navigation Satellite Cluster/penctrating/anti- 480 Max 6 5-10
navigation+Optical terminal guidance .
personnel explosive warhead
Inertial navigation+Satellite . . .
Iskander-K navigation+ Terrain matching+Active 0000 kg high bursting disc o 55 0.68-0.76 3
(OM728) . . warhead
terminal radar guidance
. Inertial navigation+Satellite . .
Kh—lO} alr—!aup ched navigation+Terrain matching+ 400 kg hl.gh explosive 4500 0.57-0.8 10
Iruise missile . . . . penetration warhead
IR imaging terminal-guidance
. . L . - 110 (High-
Kh-31P air launched Inertial navigation+ 87 kg high rupture disc kill altitude) 209 )
anti-radiation missile Passive terminal radar guidance warhead ; ’
15 (Low-altitude)
Lo . L Nuclear warhead or
Dagger hyp crsonic air Ine}'tlal nav1gat19n+ conventional high explosive 2 000 10 -
launched missile Terminal radar guidance
warhead
Kh-29 air-to-ground TE: Television terminal guidance; 320 kg explosive penetration TE: 3-30; 0.8 )
guided missile L: Semiactive laser guidance warhead L:3-10 :
"Redoubt" coast ship Inertial navigation+ 200 kg semi-armor piercing
. . . . 300 2-2.2 -
security complex Active/Passive radar guidance warhead
"Bal" coast ship security Inertial navigation+ 145 kg semi-armor-piercing 260 0.8 .
complex Active radar guidance high bursting disc warhead ’
L: 200 kg high explosive
. warhead L:7
KAB_SO(LI;::ZH guided Semi-active laser KL: 200 kg cluster warhead,; 9 - KL: -
LG: 195 kg high explosive LG: -
warhead
Kir: 380 kg penetrate warhead; Kr: 7
televilji/gr?_i?geﬁiomb Television guidance OD: 250 kg fuel air warhead; 9 - OD: 7
g Kr-E: 80 kg penetrate warhead Kr-E: -
"305" Air-to-ground Inert1a1.nav1ggt10r}+Telev1s10n guldance
. Inertial navigation+ Infrared image - - - -
missile .
guidance
KUB_LBA .101termg Television/Infrared image guidance 3kg - 0.3 -
munition
. . - . . Tandem armor-breaking
Javelin anti-tank missile Infrared image guidance 2 - -
warhead
Switchblade
—300/600 loitering  Television/IR imaging dual mode guidance - 9 0.3 -
munition
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Tab.2 Performance related to sea precision guided weapons
. . Seeker . Detection Tracking Level of
Model Nation Guidance mode structure Imaging detector type capabilities capabilities intelligence
AGM-8.4 hamgon USA Active radar/IR imaging compound guidance l6-e1eme4nt mercury cadmium Weak Weak Weak
anti-ship missile telluride detector array
o " - . .
LRASM aptl ship USA INS/GPS+Data AchamA Multi-pattern 256x256 element infrared General Strong Strong
missile composite guidance gaze array
NSM anti-shi Inertial navigation+GPS+ Terrain Medium and long wave two-
am-sib - No matching+Dual band IR imaging terminal- cdium and fong wave two Strong General ~ General
missile . color infrared gaze array
guidance
i igation+ i ing+ . .
Sea Breaker ISR Inertial navigation+Terrain matching+IR Mid-wave infrared gaze array General Strong Strong

(Missile) imaging terminal-guidance
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Fig.1 Block diagram of intelligent information processing for terminal guidance of imaging to sea targets
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Fig.2 (a) LRASM anti-ship missiles; (b) NSM anti-ship missiles; (c) "Sea Braker" missile weapon system
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Fig.3 Infrared imaging of ship targets at different stages
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Tab.3 Performance related to precision guided weapons to the ground
. Imaging . .
Model Nation Guidance Seeker detector Dete(_:tllc?n Trac]‘q-n‘g . Lev-el of
mode structure type capabilities capabilities intelligence
- . . . 16-element mercury
Mayerlck mfraredgu}ded USA GPS./IR 'maging cadmium telluride detector - - Weak
air-to-ground missile composite guidance type array
SLAM-ER air-to-ground INS/GPS+IR imaging 256x%256 element infrared
. . USA . - - - General
guided missile terminal-guidance gaze focal plane
. INS/GPS+Terrain . 256%256 element indium
KEPD-3.50 a1r-.to-.ground GER matching+IBN+IR Semi- antimonide infrared focal FOV: 12° - Weak
guided missile SWE . . . . strapdown
imaging terminal-guidance plane
TV/uncooled IR dual-
MMP anti-tank missile Fr mode imaging terminal - - - General
guidance
CCD/IR dual mode
Spike-LR ISR guidance+Fiber optic or - - - General
RF data link
Tomaha\ka alr-lgunched USA IR terminal-guidance - - - -
cruise missile
JDAM IR guided bomb USA IR imaging guidance Strapdown - - - Weak
Millimeter-wave/laser/IR
SDB-II guided bomb USA imaging three-mode - - - Strong
composite guidance
JASSM GPS/INS midcourse .
air-to-ground guided USA guidance+IR imaging 256256 element infrared FOV: 12° - General
L. . . gaze focal plane
missile terminal-guidance
SPICE-250 guided bomb ISR Lelevision/IR dual-mode ; ; - General

imaging terminal guidance

B4 E BRG] 525 (2) Hhae B b R e B B, 32 T I
IR, HES . A R Dhde | IR ST
PraFa R M B Hin 5 2 BAn Ui, HAREsy ., MR
SRS UYL TP EREE ) (3) AT H AR kg
AL UM FT 5 B B, I B AR A ROEE AR AL A

F RSP F bR T R AR 55 R 1R SR S B A
UL BRER R SR B AR R R R AL R M, 4
WL, AL GE LY A ) A S AR BRE AR BN [A] 4
JR e FRAERE 5. B 6 AR B R T = Fh Se it 4T
i A LASH 38 HARTEA [ B Be LM%

Long range target acquisition

Medium range target tracking

Normal tracking| Output Identificatio Tracking
(Correlation target phof key parts poiqt
matching, etc) POSIION |t |of the target selection

Time-space
characteristic
Pretreatment
Single frame| || Gray level || [Multiple h
Image istributi P Smoot
3l background [ |distribution| By frame [ denoising
suppression -Area filter Tmage
lenhancement]
Gradient
etc.

Hit the target at close range

4 X3t AR B AR i S  REAR

b P A ]

Fig.4 Block diagram of intelligent information processing for terminal guidance of imaging to ground targets
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Fig.5 (a) Maverick air-to-ground missile; (b) MMP anti-tank missile; (c) JDAM infrared guided bomb
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Fig.6 Infrared imaging of tank target at different stages
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Tab.4 Performance related to precision guided weapons against air
Model Nation Guidance Seeker Imaging Detection capabilities Tracking capabilities . LeV.el of
mode structure detector type intelligence
AIM-9X Semi 128x128 element Detection range: Off-axis angle:+90°
it ir_mi 4 USA IR imaging guidance i ed ) N medium wave gaze 10-12 km Angle tracking velocity: ~ Weak
air-to-a sstie strapdow focal plane FOV: £90° 1 600 (°)/s
128%4 element . . Off-axis angle:+90°
_IRIST GER IR imaging guidance Strapdown medium wave line Detection range.025 km Angle tracking velocity: ~ Weak
air-to-air missile FOV: £90 o
scan 1 800 (°)/s
ASRAAM 128x128 element b . 25k
. o UK IR imaging guidance Strapdown medium wave gaze ctection range.o ™ Off-axis angle: £90° Weak
air-to-air missile FOV: £90
focal plane
n | 320%240 element
_ Python-5 ISR IR dual-band - dual-band focal  Detection range: 20 km  Off-axis angle: +100° Weak
air-to-air missile composite guidance plane
"SM-3" 512x512 element
R IR dual-band long-wave dual-
anti-missile USA . . - . - - Weak
. composite guidance band infrared focal
interceptor
plane
ic/IR+
Stunner air- Mi};ri?r:zte: f;/rz;f//enr{adar CCD/320x240
ISR - element dual-band - - Weak

dual-mode composite
guidance

defense missile

focal plane
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DU AR FE PRI 5 A0 47 S5 15 A 18 Jg i S B 0211
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IR, A G SR AR R W] A5 S AL BB B A 5] 7
e FHAERE 8. [ 9 Hhapr il s T =Fp itz H
PRl A DL Bz FARAEAS [R5 Be P 05
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Fig.7 Block diagram of intelligent information processing for terminal guidance of imaging to air targets
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Fig.8 (a) AIM-9X air-to-air missile; (b) Python-5 air-to-air missile; (c) "SM-3" anti-missile interceptor
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Fig.9 Infrared imaging of aerial targets at different stages
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Research and prospect of intelligent technology of optoelectronic

imaging terminal guidance

Yu Junting', Li Shaoyi*", Zhang Ping’, Luo Zhenyu'

(1. 93184 PLA Troops, Beijing 100076, China;
2. School of Astronautics, Northwest University of Technology, Xi'an 710072, China;
3. 93129 PLA Troops, Beijing 100036, China)

Abstract:

Significance In recent years, various military powers are actively applying Al technology to precision-guided
weapons, and have made certain technological breakthroughs, such as the development of LRASM anti-ship
missiles, "maritime destroyers", "SPICE-250" precision-guided bombs and other intelligent weapons and
equipment to improve the operational effectiveness of complex battlefield environments. In the process of
realizing the intelligence of precision-guided weapons, the significant improvement of the performance of
imaging terminal guidance technologies such as autonomous perception of complex battlefield environment,
automatic target acquisition (ATA), automatic target recognition (ATR), adaptive guidance and so on depends on
the deep fusion application of artificial intelligence technology. Therefore, the research on the intelligent
technology of imaging terminal guidance and its future development direction has important reference
significance for following the development trend of guidance mode and realizing the revolutionary improvement
of weapon operational performance.

Progress Firstly, the development status of typical photoelectric imaging terminal guidance equipment for sea-to-
sea, ground-to-ground and air-to-air, the different complex interference environments and target characteristics
faced by the terminal guidance process are analyzed. The typical terminal guidance intelligent information
processing principles such as small target detection in the long-range target interception stage, identification,
tracking and anti-interference in the medium-close target tracking stage, and identification of key parts at the end
of the close range in three scenarios are analyzed.

Secondly, the development status and intelligent equipment achievements of intelligent technology of
terminal-guided weapons in the United States, Israel, Norway and other foreign countries are summarized, and the
intelligent technology principles in automatic target recognition, track planning and other aspects are analyzed, as
well as the combat requirements of intelligent weapons in the future complex combat mode, including the
significant improvement of target survivability, the increasingly complex and changeable task environment, and

the increasingly fierce confrontation environment.
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Finally, this paper proposes several key technologies for the intelligent requirements of future electro-optical
imaging terminal guidance weapons: distributed/heterogeneous autonomous collaborative detection capabilities,
multi-dimensional information intelligent fusion processing capabilities, battlefield environment awareness and
situation understanding capabilities, detection and guidance integration and autonomous decision-making
capabilities, self-learning self-evolution self-reasoning capabilities, collaborative identification and collaborative
anti-interference capabilities. At the same time, it is proposed to divide the intelligence of imaging terminal
guidance into three stages: functional intelligent technology, system-level single intelligent technology, and
system-level group intelligent technology.

Conclusion and Prospects This paper analyzes the challenges brought by future high-performance targets,
complex confrontation environments, multi-task requirements, and new combat modes to the intelligence of
imaging terminal guidance technology. Starting from artificial intelligence technology and future combat
requirements, six capability feature requirements and three development stages for realizing intelligent imaging
terminal guidance are proposed. Through the development analysis of foreign imaging terminal guidance
intelligent technology, it provides reference for the development of intelligent technology of photoelectric
imaging terminal guidance weapons in China.

Key words: precision-guided weapon; imaging terminal guidance; artificial intelligence; complex

environments;  ability characteristics

Funding projects: General Program, National Natural Science Foundation of China (62273279)

2022072516



	0 引　言
	1 光电成像末制导发展现状
	1.1 对海成像末制导发展现状
	1.2 对地成像末制导发展现状
	1.3 对空成像末制导发展现状

	2 光电成像末制导智能化技术研究现状
	2.1 美国成像末制导技术智能化发展现状
	2.2 以色列成像末制导技术智能化发展现状
	2.3 其他国家成像末制导技术智能化发展现状

	3 未来复杂战场环境作战需求分析
	3.1 目标生存能力大幅提升
	3.2 任务环境日趋复杂多变
	3.3 对抗环境愈加剧烈
	3.4 新型作战概念和作战样式不断涌现

	4 光电成像末制导智能化关键技术与能力分析
	5 结　论
	参考文献

