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Abstract We report the results of a study on multi-task learning for the accuracy improvement of attractiveness
estimation of food photography. We have been studying a way of improving the estimation accuracy by effectively
using a small-scale image dataset. This paper proposes another approach based on multi-task learning for attrac-
tiveness estimation. Multi-task learning is a method that simultaneously learns multiple tasks within one model.
Solving a task of interest together with its related tasks can improve the generalization performance of a trained
model compared to solving each task independently. Thus, we expect that such a multi-task approach is effective
for the attractiveness estimation of food photography. This report proposes a multi-task learning method that
simultaneously solves multiple problems including attractiveness estimation as the main task and related estima-
tion/classification problems as subtasks, and also confirm its effectiveness through evaluation experiments.
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Fig.1 Example of food photos with different attractiveness.
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Fig.2 Process-flow of the estimation method.
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Fig.3 Network model of multi-task learning.
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Fig.4 Example of three classes of attractiveness.
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Fig.5 Difference in the attractiveness by elevation angles.
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(a) 60°  (b) 150°  (c) 240°
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Fig.6 Difference in the attractiveness by rotation angles.

1:
Table 1 Loss function weights for each number of subtasks.
N
1] 23 4
«@ 0.70
Optuna [5] 2
g |030]0.15]0.10

2:
Table 2 Optimized loss function weights.




3: MAE
Table 3 Estimation accuracy (MAE) for each model.
0.169 0.154 0.167 0.158 0.169
0.111 0.114 0.119 0.107 0.111
0.087 0.091 0.095 0.084 0.084
0.088 0.098 0.109 0.105 0.087
0.118 0.120 0.137 0.141 0.122
0.104 0.109 0.118 0.130 0.106
0.164 0.155 0.164 0.169 0.163
0.067 0.063 0.053 0.052 0.067
0.103 0.102 0.103 0.116 0.105
0.112 0.080 0.100 0.094 0.116
0.112 0.109 0.117 0.116 0.113
4: >
Table 4 The best combination for each number of subtasks.
N 3.3 % =
1 v
2 Y Y 3.3.1
3 v v v
4 v v v v
5: MAE
Table 5 Estimation accuracy(MAE) of the best combination for
each number of subtasks.
N
2 3 4
0.154 | 0.161 | 0.158 | 0.162
0.114 | 0.114 | 0.116 | 0.121 Grad-CAM [7]
0.091 | 0.095 | 0.093 | 0.097
0.098 | 0.097 | 0.098 | 0.090
0.120 | 0.120 | 0.115 | 0.112
0.109 | 0.109 | 0.104 | 0.104
0.155 | 0.154 | 0.156 | 0.159
0.063 | 0.065 | 0.062 | 0.062
0.102 | 0.097 | 0.101 | 0.106
0.080 | 0.081 | 0.077 | 0.086
0.109 | 0.109 | 0.108 | 0.110
3.2 ERER
3.3.2
3
MAE
0.112
MAE 0.109
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(a) (b)
7:

Fig.7 Visualization results of image features for fish burger.

6: UEC FOOD 256 [8]
UEC
UEC FOOD 256
3.3.3 Table 6 Accuracy improvement by multi-task learning with

NU FOOD
360x10
UEC FOOD 256 [8] 23 8
2,400
8 9 15
9
ImageNet
VGG16 UEC FOOD 256 54
7,294
23 2,400
ImageNet ImageNet UEC
FOOD 256
NU FOOD 360x10 Data
Augmentation [2] 100 epoch
1 N=1
3.1
6
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transfer learning on an UEC FOOD 256 [8]-based dataset

with attractiveness annotations.

ImageNet | UEC ImageNet UEC

MAE 0.528 0.500 0.448 0.394
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Fig.8 Twenty three Japanese food categories selected from the UEC FOOD 256 dataset [8]
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