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Abstract: In aeromagnetic surveys, the quality of magnetic information requires high-precision data processing and real-time assurance.
Aiming at the problems that existing software compensation systems based on general-purpose processors suffer from high calculation
latency and unpredictable timing on embedded platforms, making it difficult to meet the strict requirements for real-time performance and
determinism of payload-constrained platforms such as unmanned aerial vehicles (UAVs), this paper proposes an FPGA hardware
acceleration architecture for the Tolles-Lawson (TL) model. By performing hardware-oriented algebraic reconstruction on the TL model
information row vectors, two processing architectures, namely “fully parallel pipelining” and “time-division multiplexing,” were
designed and compared on the Xilinx Artix-7 platform. Experimental results indicate that the fully parallel architecture compresses the
single compensation latency to 540 ns but consumes 132 digital signal processing (DSP) slices; whereas the time-division multiplexing
architecture, through floating-point unit sharing, occupies only 9 DSPs and 7273 look-up tables ( LUTs), achieving over 90% DSP
resource saving rate with a latency of 6.1 ps. Measured data validation based on the Cessna 208 flight platform shows that the
compensation improvement ratio of the system reaches up to 14. 8, and the standard deviation of magnetic interference signals decreases
from 364. 5 pT to 24. 7 pT. Compared with software implementations on general-purpose processors, this hardware architecture improves

calculation efficiency by 1-2 orders of magnitude while maintaining basically equivalent compensation precision. This design effectively
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solves the deployment problem of high-precision magnetic compensation algorithms on low-power hardware, realizes airborne

aeromagnetic online compensation with high precision, strong real-time performance, and strong determinism, and provides a low-cost

and engineering-feasible implementation scheme for aeromagnetic systems on platforms such as UAVs and light aircraft.

Keywords : aecromagnetic compensation; TL model; FPGA implementation ; time-division multiplexing; pipeline architecture
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Table 2 Comparison of resource consumption among

different processing architectures

ZH o3 S AR BiRpELL O]
LUTs 7273 16 882
Registers 9 383 18 522
DSPs 9 132
Fmax/MHz 72 105
Latency/ns 6 100 540




57 3

T[] FPGA 5 AL A M i #e A4 B3 - 275 -

HIZ% 2 AT, 23 I A2 P 2R 5 0147 2854 1 7 B D
THFES A AR E 22 (6] 77 75 19 5 35 AU (Trade-off) &%,
PRBL T SR % < 25 [ e b i) 7 B3 B o3 S TR A
N T SRR A NE ] RPR SV TR B A2 B
P2 SRR AR AR 20 B 5 TR e %2 R L BR A 1 0

- X
y J—' Bk AeAR R

R I T AR AR KR T AL R, Rk s
PRI, 4Bt R AR LA AR e 1 B DR R 2R 3 T %
R BRI FPGA R B A 5 100 45 445+ T 368 2 4
A R A T A AP P B SE A A R
I PERE IR IREE Y FPGA RIS H

RIfLL

Ko HdliREET-65 LI KRB

Fig. 9 Data acquisition platform and experimental schematic diagram
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