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Fig.1 Bar chart of food category distribution
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Fig.2 Spatio-temporal Transformer classification prediction model architecture diagram
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Algorithm 1 £ Z 045
input: Original training dataset S = (L, T, C)
output: Prediction probabilities y for each category
at spatio-temporal points
initialize ST Transformer()
for epoch = 1 to epochs do
for each time point ¢t (t € T) in T do
Time,,. = Te(t)
end for
for each location [ = (lon,lat) € L in L do
Local,,. = Le(l)
end for
F,; = ST_Transformer(Time,,,, Local,,.)
y = Multi_dec(F;,)
for j = 1to N, do
. —Infinity,
1= 1911
end for
Use Ly mse(#,y) to backward
Update optimizer
end for

if value =0
otherwise
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Fig.3 Pseudocode for training the spatio—temporal

Transformer classification prediction model
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HERRZ = (TP+TN)/(TP+TN+FP+FN)  (12)
7 [ % = TP/(TP+FN) (13)
K% = TP/(TP+FP) (14)
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Table 1 Performance of high-risk food category prediction for single—class classification

e 0 B Hh 5 Fifh
20192022 0.825 0.722 0.770 0.729
20192023 0.880 0.809 0.869 0.820

2019—2024(I_yxse) 0.924 0.865 0.961 0.894

2019—2024 (Lysk) 0.876 0.751 0.831 0.769
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)24 AR R R 3 b 2243 2538 B 23 B B A8 i )
AR S R 55,77 bl LT3 =6 6 1 = O
P2 FiR, R EAAUE R 96.6% , 7 bk 25 B AL fE
% A5 30 T A7l 30 AN (] XU £ 28 ) ) A )
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Table 2 Performance of multi-class risk food category

distribution prediction

CosSim SSIM NPCC

2019—2022 0.859 0.795 0.927
2019—2023 0.920 0.875 0.959
2019—2024 (L_, ysz) 0.966 0.923 0.982
2019—2024 (Lysz) 0.923 0.840 0.960
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Table 3  Comparison of absolute error rates between statistical method and model predictions in the validation dataset

ERSREE S [0%~1%) [1%~10%) [10%~20% ) [20%~100% ) =100%
#F 68 179 43 49 16
| 5% 19.15 50.42 12.11 13.80 4.51
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Fig.4 Classification map of risk foods in december based on statistical and model predictions

from complete historical data
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Studies on Classification Prediction of Food Supervision Sampling Inspection
Based on Spatio—temporal Transformer Model
Luo Xiaoging'?, Guo Lin"?, Yang Yumeng'?, Huang Naiyun'?, Wu Xiaojun"?
(‘School of Artificial Intelligence and Computer Science, Jiangnan University, Wuxi 214122, Jiangsu
2Sino-UK Joint Laboratory on Artificial Intelligence of Ministry of Science and Technology,
Jiangnan University, Wuxi 214122, Jiangsu)

Abstract Objectives: This study aimed to develop a multidimensional analytical model for spatiotemporal trends and risk
food categories, with the objective of achieving efficient early warning of food safety risks and providing a scientific basis
and decision support for the intelligent and precise management of supervision. Methods: Based on the food sampling da-
ta from Jiangsu Market Supervision and Administration Bureau from 2019 to 2024, a spatio-temporal Transformer based
multi—class prediction model was proposed. This model deeply explored the evolution patterns of food safety incidents in
both temporal and spatial dimensions and established intrinsic associations with risk categories. To mitigate the long—tail
distribution problem caused by disparities in data volume across multiple categories, a weighted mean squared error loss
function was introduced to optimize model training, thereby enhancing the sensitivity of the model to tail categories. Re-
sults: The accuracy of the model was comprehensively evaluated using four high-risk category classification metrics and
three all-category risk classification metrics. It not only achieved prediction accuracy comparable to statistical methods in
regions where risks had occurred, but also efficiently predicted all-category risks across the entire spatiotemporal scope.
Conclusions: The spatio—temporal Transformer multi—class prediction model provides a novel and effective tool for food
safety regulatory authorities, enabling the optimization of random inspection strategies and enhancing regulatory efficiency.
Keywords

spatio —temporal Transformer; weighted mean squared error; food sampling inspection; risk early warning;

multi—class prediction; food safety



