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Key technologies and evolutionary development of space-based
constellations for electromagnetic environment sensing

GUO Lantu'?, YAO Mengchen*, MU Weiqing’, LIN Yun’, YANG Kai* , ZHANG Minggao’
(1. China Research Institute of Radiowave Propagation, Qingdao 266107, China ;
2. College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China ;
3. School of Information and Electronics, Beijing Institute of Technology, Beijing 100081, China)

Abstract:The electromagnetic environment serves as the fundamental medium for radio wave propagation and
profoundly influences the operational efficiency of global information infrastructure systems, including communications,
navigation, and security. The research focused on electromagnetic environment sensing constellations developed within the
commercial spaceflight sector and summarized the evolutionary development of electromagnetic environment sensing
constellations through three major phases: the military electromagnetic reconnaissance—dominated era, the stage of global
collaborative competition, and the phase of commercial and national co-leadership. Representative constellations and their
functional characteristics were outlined for each phase.Current in-orbit constellations were categorized into four primary
types—propagation environment sensing, broadband RF signal sensing, typical operational signal sensing, and multimodal
integrated sensing—and their functional characteristics, core capabilities, key technologies, and application scenarios are
analyzed.Ongoing development trends are identified in commercial space-based electromagnetic environment sensing
toward space—ground system integration, multi-satellite network collaboration, multimodal fusion, and real-time artificial
intelligence integration.

Keywords: electromagnetic environment; commercial spaceflight; electromagnetic environment sensing constellations;

low earth orbit satellite; HawkEye 360

e B #: 2025-07-15

FEETHE: b E A F T 5T TR T SRR B B BT H (N0.A132305210) ;[ 7 A4 B 01 37 1 X 98 Bh 10 H
(23-CXZX-QD-01-02)

E—EE: WEE (1982—) , F, WHRFTA, Ht, EELTAN, #4900, E-mail: guolantu@163.com

SEfEfEE: kR (1999—) , F, WREGIA, LA, E-mail: yme@hrbeu.edu.cn

FIAMER: 2R, iR, BT, 5 ORFERRIAER AR O R 5 R R[], ERI R 2R,

Citation: GUOL T, YAO M C, MU W Q, et al. Key technologies and evolutionary development of space-based constellations

for electromagnetic environment sensing[J]. Journal of National University of Defense Technology,



R RE R A R IR S A R R S, X
BRI AL TR S A A B S AR A
A AT DL AR R, ] DUt
HRLE SR OL. DRI, REEEGNT sUEAE 18
d RS, BN TR T AT, 4T
BURE . AL, HIRIIESMEZETE.

RIS IR 2 AL IR AR SR 55 73K
NV ROV, DL AR i
LRI ARG R AR T H I8 % AR
RIS emes H by S ), SRR BOR AR E PEAT 2
SGRHNEAT; BEEATRUMKEET29KE),  DAPuE
B AN HERAE AR AL R Oy

R REER XTSRRI PO N e T, W]
SEIL RIS A BRI LI, 2% R JRAE
HEEN SR LR EZA T,

RIE RGP SRR R AT B 5. A
P75 Hn B, &G AT X 70
W 1 R, BRI R AT 70 N AR IR A
AR G IS SIRAUE R SR 55
IR LR AR R 5 ATy R
K Z R, f R R A B AR R 7
N H ST AR T [ ) A TR 2 ] A
FIRFN 7 ST 7 N B ST

1 R AR RN S 9 7y 26

Fig.1 Classification of space-based electromagnetic environment sensing constellations
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Fig.2 Evolutionary history of space-based electromagnetic environment sensing constellations and representative constellations
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Fig.3 Research on the development of commercial electromagnetic environment sensing constellations
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