GHEEOHBEREBEE

S| AT SR, 2SI, AT 45 RE-UWOC Wk DF i 4k 2 G rh Wik BERFSEL ). JGE (SR AR, 2026,50(1) :25-32.

RF-UWOC M ¥k DF gk Z 4t R 4 aE R 35

38 EEELNEF, 8§ ERHK

(A fi SRR 5 TR, 05 M 213200)

HE AT AR HATH T 40 -K T L& KB435 (RF-UNOC) A Bk 4k Z 4o Wi bk %, 42 h — 0 L T a0 -4k %
(DF) #3649 RE-UWOC 34 3k F 4% R 4. 3819 A M A RF 4634 69 |~ SUK R 7% - K A48 B AL AL B UWOC 453449 1~ 3L
Gamma 3% 77K T 3524648 618 £ LA LT T AL E DF LT 4 5 R A 4% 8 4]/ AL 3460 (IM/DD) 5 4h £ 46
M (HD ) B &9 o B 45 20 F XA S5 bbb i R A X, b o 55 A4 R A A ML REEB R R A% 514
3B B CUWOC 34 0% AR I 48 @ iR 2 BAEMIE B S B X £ R %ok G150 T £ Suii i b g b &3 18 R A A 4ad 4t
Kol ikE . AR S4B E T ,HD M 48R E 5 F IM/DD.

KR SRR -5 AR K T AR AEAS LA K P WAL R i M f

FESES:TN29 XEIREL:A XEHS:1002-5561(2026)01-0025-08
DOI:10.13921/j.cnki.issn1002-5561.2026.01.005

Research on the outage performance of RF-UWOC
dual-hop DF relay systems
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Abstract: This paper presents an integrated channel modeling and performance analysis method for the outage performance of
hybrid dual-hop radio-frequency-underwater wireless optical communication (RF-UWOC) relay systems under composite fad-
ing channels. By establishing a composite model combining generalized-K fading and atmospheric path loss for the RF link
and a composite channel model that integrates generalized Gamma-distributed turbulence, underwater path loss, and pointing
errors for the UWOC link, exact closed-form expressions for the outage probability are derived under decode-and-forward re-
laying with both intensity modulation/direct detection (IM/DD) and heterodyne detection (HD), together with asymptotic ex-
pressions at high signal-to-noise ratios. Theoretical analysis and simulation results demonstrate that the system performance is
jointly influenced by the fading parameters and transmission distance of the RF link as well as the turbulence intensity, pointing
errors, and transmission distance of the UWOC link. At high SNRs, the asymptotic performance is determined by the relative
magnitudes of the channel fading parameters. Under identical parameter configurations, HD significantly outperforms IM/DD.
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