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Abstract

To address issues such as poor stability and weak anti-interference capability in underwater signal
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transmission for hydrological cableways, this paper proposes a water-column loopback communi-
cation system based on binary frequency shift keying (2FSK) modulation and demodulation. By
comparing the advantages and disadvantages of wired transmission, radio wave transmission, and
“wireless” methods—while considering the characteristics of high attenuation and strong noise in
water channels—the system employs 2FSK modulation technology to achieve efficient digital signal
transmission. The hardware design centers around an STM32 control board, integrated with an
AD5700 modem chip and an OTL power amplifier circuit to construct both submerged probe (lead
fish) communication modules and ground station modules. Software optimization includes cumu-
lative counting, fast Fourier transform (FFT), and non-coherent demodulation algorithms for
streamlined signal processing. Experimental results demonstrate stable signal transmission across
multiple distances, validating the feasibility and reliability of 2FSK in complex hydrological envi-
ronments. This solution offers an efficient, low-cost approach for data transmission in hydrological
cableway systems.

Keywords

Hydrological Cableway, Binary Frequency Shift Keying (2FSK), Water-Column Loopback
Communication, Anti-Interference Design

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5]

IR TARW R BTGUR K KBTI R SR BLBORAEZS TR K BRI ECR S SR AR 2, R AR
TTOE . . S EREEREERRENDO KSR KRR A EEE L, oK IR I a5 8 B
57 RIER TARTHE 7 EARMRERE . ARSI AL 3 BAT RS K S S 240k . H AT A AR R
TG T AR KIS MRIE . BRIE RGNS . L BEE I AR i T 450 A
G N6 T 65 3z 328 20096 W T 435 5 T L RN Rk, A 36 5 0B S dR O S e 8 T S K A L R ] B
R mBKocM e, R RN R, A RKUE RIS ER 1]

2. kHEESER

BEIEMFERIK TE AT NEEA UUR =F: A LAeh. TERBPEmm “ L f£Hm2].

A7 LAt , 44 JB SR BN 22 28 BOR ] PR R S M R AR 015 5 B RS S &= A
FORHAE T H iy B () BUCAN 22 48, IR RSB A R U AR IR 2B AL B, DLBUME S IR %
JTFER GBI ERE B FAINR R R, RSN, HAE A R R

T AR, RS S N IRICRE MRS, SEaREShRLBBORERE 5. KT %%
BT ORATRE, I R R LK R > UCE B SO eid Ak e E h R LR, 1
ARXIPESCEE NS A A VHF R B (S R, (8 AL I T (5 516 (3], T Jok A K i
FHIN IR LI AR H P2 E, BT LA R VA IR R S R E A6 5 K THT o AT 28 SR R FH AR R BB 47 R
2, (EUKIH B S B 20 REG AR, WMzl R G AR E tE. A N3 e R (R ias KAk
FIRB A5 B S RIAM, AR B SR UK IG B iR ER N [4], BHWNZITERRE R 7 REA
REFE/K LA SHME SRR, (B R AR IR 5 ML B SEE 5, shZ w2k, @i, kit
A IR KRR YE, B

il

DOI: 10.12677/iae.2025.134083 690 s 5%


https://doi.org/10.12677/iae.2025.134083
http://creativecommons.org/licenses/by/4.0/

WA, 5k

“TER” ARf, AEAKSUTALXT ORI AT KRR e AR RS Bk, H
SEbr EIF AR ROE RSO e g, TR IE N SUE R R (3 E: 2) 5K ARIE R o fem [ R [5]. anlal 1,
2T NEATZNE e, ARZREEARMRRE, BRBORIPTTIRE N, JFH2RERE, di i
AR ARSI AR SEBLBEE K T {5 5%k, 1IER AR & X LT,

WAHES KT LR

Figure 1. Schematic diagram of cableway water communication system
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Figure 2. Schematic diagram of the cableway water communication system
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Figure 3. Water body loop communication system structure
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Figure 4. 2FSK signal modulation principle block diagram
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Figure 5. Schematic diagram (a) and waveforms at various points (b) of 2FSK non-coherent demodulation using zero-crossing
detection
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Figure 6. Communication system hardware structure diagram
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Figure 7. Software flow chart
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Figure 8. Schematic diagram of filtering and power amplifier module circuit
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Figure 9. Actual picture of the circuit board
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Figure 10. Field test
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