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Dimensionality Reduction and Simulation of Electromagnetic
Spectrum Management Based on Sensitivity Weighting
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Abstract: To address the difficulties in obtaining quantitative evaluations for electromagnetic sensing and in characteri-
zing parameter contributions for spectrum management under complex electromagnetic environments, this paper presents an
electromagnetic-space digital modeling framework and optimization-oriented analysis for two task scenarios. Separate models
are established for electromagnetic sensing and spectrum management to accurately formulate nonlinear optimization prob-
lems, which aims to maximize either the sensing distance or the received signal-to-interference-plus-noise ratio (SINR), and
to identify decision-relevant variables and scenario-specific constraints. Based on the directional gradients and logarithmic-
sensitivity — based weighting, the dominant adjustable parameters are determined, thus efficiently reducing the dimension-
ality and simplifying the high-dimensional objective function. The Monte Carlo log-uniform sampling is then employed to e-
valuate the relative error and Spearman rank consistency tests on the objective function before and after simplification. Simu-
lation results show that, in the sensing scenario, the mean absolute percentage error (MAPE) is approximately zero, and
the Spearman correlation coefficient equals 1. In the spectrum-management scenario, the coverage rate is about 46. 3% over
the I/N not less than 10, with the MAPE about 1. 68% , the 95th-percentile error about 7. 46 %, and a Spearman correla-
tion coefficient of approximately 0. 999 98; Moreover, the error decreases with the increase of the I/ N, the results indicate
that the proposed reduced-order model preserves the optimal ranking consistency within the target scenario while significantly
reducing computational complexity, thereby supporting parameter tuning and coordinated spectrum-management decision-
making.
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[e] i i Fi] Spearman 2 ¢ 4 5 28 %l AL i /i 5 H
PReR BN I HEF Y 9 — Bk Spearman 45 % AH K
ABON T A i xR U HEP” 1 — 2ok,
G R BB 1 3R P — B s
4.2 HE—: BHEBRMEREHITL

JEH AR e B A X (13D
P, G, +G, + X

SNR.,., * L...

Hings T SNR, FAL 55 TTBR . Lo o iE i R
TR AT S AT . PR TR S R pR L
A (20) .

X 100% 3D

max

Riw = Koo * 2% ¢ /P, + G, + G, (36)

=0.224 MWK E T, ¥ P, € [107,100]W, 1 €
[0.01,10]. G, G, € [10,30] dB k15 %} %0 ¥4 51 18 &
WE 3 s, ARG B AR RS I B bR R A 22
R . MAPE=~0, Spearman ¢ M X R BN 1
GE: A5 y=xBEAFES, WHEBRY R TAK
AN PR S A O HE P S 3R

4
3l
~ 2}
g of
ERY
ot
243 2 1 0o 1 2 3 4
logl0(R,,,,)
Bl 3 RGN S LIRS H b R B
R A48 b B D

it — A G W] L IR S5V AR T4 E TTBREVIR S
BORUE . FHIERFEAS SRERHERA 8 11
AbFE T ST . AT R LT 55 TR 55 AP FE 3R 55 2 Jitk
FTIE .

e 5 s, ARZSHBCE e S5k A
P R BOCFE A — AL B SO B — 2, XU 5 — R e At
HZER XL S5 TR SNBSS B ATREN, LA
U R AR HE T S B AR .

F5 LRI BN L B

SNR,../pW L.. MAPE/ % Spearman
3.126 0.224 0. 000 1. 000
1. 000 0. 500 0. 000 1. 000
10. 000 1. 000 0. 000 1. 000

4.3 FHEZ:. AMEEBREHITL
JFH PR B (19,

S
I+ N

Hir iy “AREHE” i, BEHELE >N, i)t
W TS/ [ 4 %R B is iy 958 B AL E e/, Al
VE R H B IE AME RS IO, AT A5 B4k 1 H bR k50
S S Pl
I[+N 1 P «d’

KM d €0.1~50km, P, €0.01 ~100 W, P, €
10 ~10* W, B&€ 1 ~ 100 Hz, L., € 0.05 ~ 1 Ay L5
0B AT REMLRAE . T

- Id B (39)

PLI/NZ=10 fE R B b3 s a4, St m s #a
Y 46.3%, MAPE ~ 1.68%, 95% 4> f i% 2 4
7.46% , Spearman fHE R4 0.999 98; Y4 I/N # —
A 18 KT R 25 PR B

B4 AT O, b R 250 L 2
RE ~ ¥ - + (40)
(V)

O TE B bR 5t I/N R R mE, T "] LR 4F B
8T TR AR g, M i 5 B AR & 2 B .

N 4 R R G E Boa R B S T e .
PRFF R FERFETE B 5 P 4 48 AR A AE M RT3 T . AR S0tk —
XA H AR ST TR T Se Xt b, R 4 B
FIFETTREC T= {10, 20, 50, 100} A ¥ 2 30 4 () A A
T4 LGB R MAPE, 95% /3% 255 Spearman,

108

r= (37)

r = (38)

105} 3

L ot
m
g 100}

102

0l =) 0 2 1 6
1og10 (I/N)
Bl 4 FSEES . MAHRZER I/N 2Bk
CONHh X B 2 B

GEItAE R 6 o PGB (/N B,
RS 18 22 B A8/ . MAPE 5 95 00 73 (o0 18 22 PR R Fe
[A] i} Spearman 4G HEUT 1, RUMLE Hbr ek BfE A
BT st e & — BUE R F5 7 R Y .

4.4 FHESERSH

RGN b TERAT 55 TTBR S5 AR 3R B S 50w

HALJE . ARTRT bR eR EORT A% A O L E B eR R S A TP
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o34 %

F 6 FIRAT 1 5 X E R

[TBR T | 3R/ % | MAPE/% |95% 43 (i 2%/ % | Spearman
10 46.28 1.678 7.662 0.999 985
20 40. 47 0.878 3.876 0.999 986
50 33.46 0.370 1.583 0. 999 999
100 28.78 0.194 0. 800 1. 000 000

X B MAPE=0 5 Spearman=1J§ TR 4518, *
W% K 2 A 3 AE 2% B AR 3 50 AR 23 00U S A HE s 5 ik
HIEBELR . FIE, ASRAES S8 E R L SE 53R W
R 2 b BN AT 55 1T PR 5 A0 IR B 0 BOR sk, A 2ol s
FERNLHTE RN TEE.

R EES S, fFEARGE AT . 2 0% 1S T3
WOk A RHRZ W R R (39), HIiR 2 R L A b
W TEL B RAEE R W R RS p R A B R R Y
46.3% ., Xf B MAPE % 1.68%. 95% 43 fii i% 2% %
7.46% . Spearman #J 0.999 98, i LT X TE HIr %
SNAREE BRI R RN AR, [
B AR PR T A% b S 56 22 B AL 3 H A5 78 AR W
PR T YRR e R B HE Y . i i — 20 Bk Ak
BRI REES RS A S REN.

Wik sy AL EOE . TR S R BUE SE
i 2 15 3 1 5 S R 0% B SR e R 0 AE I RS T 2k (H
PR s g NI IR 2E” MREgERA, hE gk
FRAEL MR R S5 S HOM B P R R4 T i ik vl {5
1 B bR R RS .

MNSE R R AR A, H G RN 7 s b (i I R 4 E A
AR AL . BBV R B K E S EESHEEAN S
BUE T B LA AT . X R A A TEAT 55 H AR
BEORE o i 2 TE AT DR O . ORI T R
TR ERIRORS S0, T B “ e, BRI W
MEImtE. MEEE S, X4 I/N K BH 808 15 5
{EAF, AGTR HARTE PR 55 Spearman HE ¥ & B — 219 7] B
ERRRBIR A 20, A TR, ., R4E&4H
Mg AEESE SRS TR RS RS S
etk .

5 ZXRiE

A SC PR B8 2 2% R G IR BE T I 0003 F i SRR S R A
WK, WETHSNERAE., =Y S5RE
SRR R A R g s R R, RS S A A
(B HIHE . PR, 25 (AIME B8 5 M B SR AL R TS Sr 7 nl
Tt A Sk RR; ELsEnt b, KR pERa S
WU Bl 4 0 BB W BhR ik, AR5k
A AR R AL AR R A 8 R T R R A S
BRBENETEHENESSE, T T &4 H i R 5
W REAE AL T . 38 o B AL O LI E T Ak TR TE H AR

ST IR TN Y B AU Sk S R — B, O R R
Z R0 B 5 U (R A P e SR AR AL T RT TR A BRSO ik
Sl

Jag TARN Tt — P oe 3 S e . FEfeif SRt
BEJTTET . TSI AN B AR AL R LA KT - T T AR
SEAFHUER . L 56 6 IR AT HORS A0 Ak, AR TR AR R
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