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Fig. 1. CGCrabNet model algorithm.
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Table 1. Hyperparameter value.
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TCEMATTE  Train MAE  Val MAE
One-Hot 0.185 0.423 0.433

Table 2.

Test MAE

Magpie 0.428 0.546 0.566
Mat2vec 0.203 0.408 0.420
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Table 3.  Deep learning model test results (in eV).

Train MAE  Val MAE  Test MAE
CGCNN 0.502 0.605 0.601
Roost 0.178 0.447 0.455
CrabNet 0.226 0.422 0.427
HotCrab 0.177 0.422 0.440
CGCrabNet 0.187 0.408 0.413
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Fig. 2. CGCrabNet pre-training loss value change.
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Fig. 3. Predicted band gap values on the validation set.

y==z

175 o —0.91212+0.1286

TR/ eV

0 25 50 7.5 10.0 12.5 15.0 17.5
T BE /e V
P4 B T A B
Fig. 4. Predicted band gap values on the test set.
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Table 4. Regression model parameters.
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Fig. 5. MAE of band gap prediction for perovskite materials.
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Fig. 6. Predicting and calculating band gap scatter maps.

FERY, 28T 2R 2] 4% MEGNet 1 CGCNN
BERIZE AR A MAE 305, X & A5 4k
PR, 1E/ MRS FiIl%: MEGNet Fil CGCNN
B2 5 B LA P4

41 3R CGCrabNet A58 | Bl AL AR AR 1) |
S AR )t ] UL RIS B T I 0 T A B
HEBREL T SES A E 6 Fis, AR AN

5 EEKGRORE R L (A eV)

Table 5.  Comparison of predicted and calculated

values for perovskite materials (in eV).

fb2ra B CGCrabNet RF - SVR  GBR

NbTI1O4 0.112 0.658 1.458 1.296 1.614
ZnAgF; 1.585 1.776 1.836 2.194 1.840
AcAlO4 4.102 3.212 2.881 3.197 2.963
BeSiO3 0.269 1.116 2.813 2963 3.777
TmCrOg 1.929 1.682 1.612 1.987 1.668
SmCoOj3 0.804 0.644 0.821 1.043 0.724
CdGeOgy 0.102 0.586 0.911 1.675 0.196
CsCaCly 5.333 4.891 4918 5.116 5.157
HfPbO, 2.415 2.724 1.733 2.346 1.967
SiPbO, 1.185 1.327 1.407 1.543 1.079
SrHfO3 3.723 3.683 2.821 3.370 3.253
PrAlO; 2.879 3.139 2.665 2.091 2.984
BSbO, 1.405 1.123 0.653 -0.025 0.579
CsEuCly 0.637 0.388 1.500 4.477 0.949
LiPaOj3 3.195 3.100 2.443 -0.306 2.553
PmErO; 1.696 1.309 1.550 1.682 1.252
TINiF, 3.435 2.806 2.063 3.049 3.255
MgGeOy 3.677 1.256 0.979 1.623 1.073
NaVOgy 0.217 0.785 0.911 0.180 0.989
RbVO, 0.250 0.616 1.736  0.290 1.534
KZnF; 3.695 3.785 2.853 3.203 3.295
NdInO4 1.647 1.587 1.653 0.889 1.590
RbCaFy 6.397 6.974 6.482 6.372 6.028
RbPaO; 3.001 2.952 2.864 -0.234 2.937
PmInO;y 1.618 1.480 1.896 1.222 1.754
KMnF, 2.656 2.991 2.647 2428 2.730
NbAgO, 1.334 1.419 1.369 1.227 1.265
CsCdF, 3.286 3.078 2.990 2.724 2.879
KCdF; 3.101 3.125 2.789 2.365 2.990
CsYbF3 7.060 6.641 6.325 6.523 6.736
NaTaOs 2.260 1.714 1.680 2.093 1.715
CsCaly 6.900 6.874 6.291 6.416 6.379
RbSrCl, 4.626 4.470 4.966 4.647 4.795
AcGaOg3 2.896 3.199 2.740 2.869 2.981
BaCeOgy 2.299 1.789 3.918 2.696 3.655

7: CGCrabNet, RF, SVRHIGBRAM M IR A1 22 K
26 BEMLARAR I A | S i) o [ R R T [l DA TR
R ENHBRE.
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R R R T S5 EEAH 22/ T 1 eV, £
S IT 21 (8 S RN AR TR AR A, AT A
A 0 2 )5 B9 CGCrabNet 5 A 75 52K 07 4 %)
BnAE AR B AT

25 50 TR MR AR R AR P
35 ANFEAS (197 BRI B3 (E AN B Tou {8, s Bt Tl
{60 45 FRAE il ph 22 I 285 B (CGCrabNet) | Fif
BLARAKR B (RF). SCHFm & B9 (SVR) A E
LTI (GBR) BO A BUE. MR 5 AT AR,
CGCrabNet # AU X} StHfO4 A1 RbPaO, 2585k
ARLFIN ) BE 5 T B e xR 22 /N T
0.05 eV, Jf B T K2 458 #1 kL, CG
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Abstract

The band gap is a key physical quantity in material design. First-principles calculations based on density
functional theory can approximately predict the band gap, which often requires significant computational
resources and time. Deep learning models have the advantages of good fitting capability and automatic feature
extraction from the data, and are gradually used to predict the band gap. In this paper, aiming at the problem
of quickly obtaining the band gap value of perovskite material, a feature fusion neural network model, named
CGCrabNet, is established, and the transfer learning strategy is used to predict the band gap of perovskite
material. The CGCrabNet extracts features from both chemical equation and crystal structure of materials, and
fits the mapping between feature and band gap. It is an end-to-end neural network model. Based on the pre-
training data obtained from the Open Quantum Materials Database (OQMD dataset), the CGCrabNet
parameters can be fine-tuned by using only 175 perovskite material data to improve the robustness of the
model.

The numerical and experimental results show that the prediction error of the CGCrabNet model for band
gap prediciton based on the OQMD dataset is 0.014 eV, which is lower than that obtained from the prediction
based on compositionally restricted attention-based network (CrabNet). The mean absolute error of the model
developed in this paper for predicting perovskite materials is 0.374 eV, which is 0.304 eV, 0.441 eV and 0.194 eV
lower than that obtained from random forest regression, support vector machine regression and gradient
boosting regression, respectively. The mean absolute error of the test set of CGCrabNet trained only by using
perovskite data is 0.536 eV, and the mean absolute error of the pre-trained CGCrabNet decreases by 0.162 eV,
which indicates that the transfer learning strategy plays a significant role in improving the prediction accuracy
of small data sets (perovskite material data sets). The difference between the predicted band gap of some
perovskite materials such as SrHfO3; and RbPaO; by the model and the band gap calculated by first-principles
is less than 0.05 eV, which indicates that the CGCrabNet can quickly and accurately predict the properties of

new materials and accelerate the development process of new materials.
Keywords: feature fusion neural network, regression model, band gap evaluation, transfer learning
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