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Spectral Coefficient Learning Operator Network (SpecONet) is a neural
network

which learns (mimics) spectral coefficients of incompressible Navier-Stokes
Equations (NSEs).
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SpecONet's features

1. the sole novel method capable of quickly generating multiple inference
solutions for 3D NSEs,

2. learning NSE structures without reference solutions for training,
3. superior accurate and robust with fewer nodal points,

4. flexible to various types of inputs.
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How it works

Input: PDE data

Initial condition : u,
Boundary condition : g
Forcing fucntion: f
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Incompressible Navier-Stokes equations

Here are the incompressible Navier-Stokes equations:

ur+u-Vu—vAu+Vp=Ff, for t>0,x¢€Q,
V-u=0
u=ug, for t=0, xeQ
u=g, for t>0, xe€0dQ

(1.1)
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Spatial Scheme: Spectral element method

Let §~ Y350 anbp and & ~ 17 andy in

Vi := span{to - ¥n_1} C HJ,
Wy := span{¢o - dn_1} C H',

where ¢, = 0 and % =0 on 090.
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Temporal Scheme: Rotational Pressure-correction Method

The temporal scheme breaks down NSEs into two kinds of Helmholtz
equations:

(1.2)
1, ~ -
o (B = auf ) —p AT 4 VR = g(£H), W g =0
3 o
1. A¢k+l — k41 —-0.
(1.3) 2Atv " o 99 0

k+1

After solving the Helmholtz equations, u**1, p¥*1 for the next time steps

are obtained as

(1.4) uktl — gkl 2§tv¢k+1
(1.5) pk+1 — pk + ¢k+1 A v a’k+1'
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Definition of loss

N—1
1 k+1
ﬁ%"*l): § /2At(3uN — 4% + 0 YU, dxdx
1,m,n=0

2

9

~k+1 — — _
(16) +7// Vﬁ,\fr . lemn + / Vﬁk\ulmndx - / gk+1wlmndx
Q Q Q

for W/mn € Vp.

2
k+1
wr ot =

I,m,n=0

/VCDk Vo 3 s dx
Imn A+ N¥Imn

for a/mn S WN.
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After training networks, U¥*t1, kT for the next time steps are obtained as

(1.8) TAARI T %VMH
~ ~k+1
(1.9) e U tes B e e
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Numerical experiments

1. Flexible modality

2. Robustness for perturbed inputs and high-variance-distribution inputs

3. Inference time
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Robustness 1. perturbed inputs

£(x —_— ﬁsp(x, t)
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Li, Zongyi, et al. Fourier neural operator for parametric partial differential equations.
arXiv preprint arXiv:2010.08895 (2020).

Lu, Lu, et al. A comprehensive and fair comparison of two neural operators (with

practical extensions) based on fair data, Computer Methods in Applied Mechanics
and Engineering 393 (2022): 114778.
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Test networks with perturbed inputs

£(x,t) ~ N 0,5 ) g@ . u(x’ t?_
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Given f ~ N(0,52), lu —u| at t = 1:
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Given ¢ ~ N(0,52), [u—1u| at t = 1:

%1073 Ours FNO600 POD-DON600
05
s 0.015 =
0.4
6
001} A 03
ol
0.2
0.005
2 ‘ 0.1
0 0 0
FNO100 POD-DON100

0.12 0.4

0.1
0.3

0.08 |

0.06 0.2

0.04
0.1

0.02
0 0

Choi, Junho at KAIST On Spectral Coefficient Learning Operator Ne Jan. 8, 2026



Robustness 2. higher-variance-distribution inputs

Train SpecONet, FNO, POD-DON with input datasets of initial conditions.

0 — 1 X, t
gSP sp(x, t)

N o . Upno(x, 1)
R GFno
Rasa Y

1]
N(0,52)

gDQON —lUpon(x,t)
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Test networks with inputs drawn from

various distributions
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Given ug ~ N(0,52), lu — 1] at t = 1:

%1073 Ours
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Given ug ~ N(0,92), lu — 1] at t = 1:
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Given ug ~ N(0,132), lu—t|at t =1 :
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Quick inference

3D NSEs with forcing functions as input data:

10000

-~-numeric
=-ours
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Seconds

2000

0O 2000 4000 6000 8000 10000
number of samples

number of samples | 50 200 500 2000 5000 10000
Inference(sec) 33 159 376 1526 321.2 668.6

Computing(sec) | 23.4 101.6 259.4 1279.4 4613.7 99279
ratio 7.1 6.4 6.9 10.0 14.4 14.8
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Thank you.
junho_choi@kaist.ac.kr
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