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Motivations

• Build an ML pipeline for next-generation sky survey
(4MOST).

• Pure data drive results can be complementary to the
classical pipeline.

• The statistical feature of ML is used for uncertainty
estimation.

• Fast and efficient feature of ML to face challenges of the
enormous data volume of next-generation sky surveys.

• The transient objects require a fast pipeline.
• ...
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SDSS overview

sdss4-DR14

sdss4.org

• > One million
• Cover > 10, 000 deg2 (BOSS)
• 1,000-fiber spectrograph,
resolution R ∼ 2000

• Wavelength: 360-1000 nm
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Training data

4000 5000 6000 7000 8000 9000

10

20 STAR_A0
z=-0.0

4000 5000 6000 7000 8000 9000
20

40

60

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

STAR_F5
z=-0.0

4000 5000 6000 7000 8000 9000

5

10
STAR_F9
z=0.0

4000 5000 6000 7000 8000 9000

40

60

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

STAR_G2
z=-0.0

4000 5000 6000 7000 8000 9000
0

10
STAR_K1
z=-0.0

4000 5000 6000 7000 8000 9000

25

50

75

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

STAR_K3
z=-0.0

4000 5000 6000 7000 8000 9000
wavelength/Å

50

100 STAR_K5
z=0.0

4000 5000 6000 7000 8000 9000

0

5

10
GALAXY_nan
z=0.4

4000 5000 6000 7000 8000 9000

0

2

4

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

GALAXY_AGN
z=0.5

4000 5000 6000 7000 8000 9000
0

25

50

75 GALAXY_STARBURST
z=0.2

4000 5000 6000 7000 8000 9000

10

20

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

GALAXY_STARFORMING
z=0.1

4000 5000 6000 7000 8000 9000

0

2

4 QSO_nan
z=1.6

4000 5000 6000 7000 8000 9000
wavelength/Å

5

10

15

flu
x/

(1
0

17
er

g
s

1
cm

2
An

g
1 )

QSO_BROADLINE
z=1.4

SDSS spectra, 13-subclass,
20k spectra used for each
subclass.
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Pipeline

flux

ResNet P P̂i

ResNet 7 z̄7 ± �7

ResNet 8 z̄8 ± �8

ResNet 9 z̄9 ± �9

ResNet 10 z̄10 ± �10

ResNet 11 z̄11 ± �11

ResNet 12 z̄12 ± �12

pipeline

ResNet 70 z70

ResNet 71 z71

ResNet 72 z72

ResNet 73 z73

ResNet 74 z74

ResNet 75 z75

ResNet 76 z76

ResNet 77 z77

ResNet 78 z78

ResNet 79 z79

z̄7, �7

Monte Carlo predicted z

ResNeti, one
sub-network

x

Block(16)

Block(32)

Block(64)

Block(64)

Block(128)

Block(256)

Block(512)

Dense(n)

y

ResNeti

cov1d, 5, /1, n

BatchNorm

cov1d, 5, /3, n

BatchNorm

pool1d, 5, /1

+ add

cov1d, 5, /3, n

relu

relu

Block(n)

Flatten

Dropout, 0.5

Dense, 256

Dense, n

relu

softmax/None

Dense(n)

b)

a)

Architecture of
pipeline.

• Pi gives
probability.

• z̄ gives
expectation.

• 𝜎 give error.
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SDSS confusion matrix
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SDSS classification
• Most subclass
accuracy > 90%.

• Average accuracy
≈ 92%.

Fucheng 7th July 2024 Deep Learning for spectra 6 / 17



Introduction GaSNet-II model and results Generative model and results Conclusion

SDSS redshift:
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• GF ≈ 0.9 for
High SNR.

• Δz ∼ O(10−3)
for galaxy.

• Δz ∼ O(10−2)
for QSO.
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SNR and uncertainty
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Uncertainty is
strong correlated
with SNR when
SNR < 1.

arxiv:2311.04146
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Improvement

Ideas of improve the z accuracy:
• More labeled data
→ Each pixel points as labels to learned – reconstruction.
(“Cheap” or free lunch)

• z-shift translation symmetry in logarithmic scale
→ ln(𝜆o) − ln(𝜆e) = ln(1 + z) (prior)

• Statistically, the spectra are rough similar.
→ z causes we observed the different rest frame
wavelength

• Reconstruction/modeling help detect anomaly and obtain
residual.
→ A more quantify and visualized result.
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Model: reconstruction & contrasting
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Reconstructing the spectrum and comparing the original and
reconstructed.

Fucheng 7th July 2024 Deep Learning for spectra 10 / 17



Introduction GaSNet-II model and results Generative model and results Conclusion

Redshift accuracy
4MOST requirement > 99% for high SNR galaxy
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Anomaly cases: degeneracy & large 𝜒2
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Redshift degeneracy cases, def D =
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𝜒2min

− 1, to remov outliers.
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Large 𝜒2 cases
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Pipeline
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Scanning the whole redshift
and class space with the pixel
size interval, mapping the flux
and error into a 𝜒2 curve.
Classification and redshift
estimate just finding the global
minimum.
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SNR, Degeneracy, GF and Completeness:
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Visualization
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Comparison and conclusion

Reaching the same accuracy
as the classical method with
faster speed, requiring a low
training sample compared with
former deep learning
(GaSNet-II), using few learned
eigenspectra to restore the
spectra, it agrees with the
conclusion before.
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Thank you for your attention!
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