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Camouflaged object detection for activated sludge microorganisms in phase
contrast microscopic images

Zhao Lijie Jin Mingxi Fang Yifan Huang Mingzhong
(College of Information Engineering, Shenyang University of Chemical Technology,Shenyang 110021, China)

Abstract: Accurate monitoring of activated sludge microorganisms is critical for maintaining the stable operation of
wastewater treatment systems. However, due to their semi-transparent morphology and high similarity to the
surrounding environment, these microorganisms exhibit camouflaged characteristics, rendering traditional detection
methods ineffective. To address the camouflage characteristics of activated sludge microorganisms, the diversity of
object scales, and the ambiguity of boundaries in complex contexts, this paper proposes a camouflaged object detection
method based on multi-scale awareness and edge enhancement. The proposed method employs a multi-scale feature
aware module to extract rich contextual information through parallel processing and progressive expansion of the
receptive field, thereby enhancing multi-scale feature representation. An edge-aware enhancement module is introduced
to fuse low-level edge details with high-level semantic information for more accurate edge feature extraction. These
edge features are then integrated with the multi-scale features through an attention-guided feature module, enabling the
network to focus on the positional information of edges. Finally, a context aggregation module is used to progressively
aggregate multi-level features in a top-down manner, further refining the prediction and generating the final output. On
the benchmark camouflaged object detection dataset and the self-constructed activated sludge microorganism camouflage
dataset, the proposed method achieves improvements of 2.2%, 4.1%, and 2. 1%, and 1.2%, 2.2%, and 0. 6% in
terms of the evaluation metrics S-measure, weighted F-measure, and E-measure, respectively. Experimental results
demonstrate that the proposed method achieves superior performance over other models across all datasets.

Keywords: camouflaged object detection;activated sludge microorganisms; multi-scale awareness;edge enhancement
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Table 1 Quantitative results on three datasets: CAMO, COD10K, and NC4K
i CAMO-Test CODI10K-Test NC4K
S. A Fypr MYy E,A S, b Fut My E, A S.b Fyr My o EA
SINet 0.745 0.644 0.092 0.829 0.776 0.631 0.043 0.864 0.808 0.723 0.058 0.871
LSRNet 0.787 0.696 0.080 0.854 0.804 0.673 0.037 0.880 0.840 0.766 0.048 0.895
C2FNet  0.719 0.796 0.080 0.864 0.813 0.686 0.036 0.890 0.838 0.762 0.049  0.897
SINet-V2  0.820 0.743 0.070 0.882 0.815 0.680 0.037 0.887 0.847 0.784 0.048 0.903
BGNet 0.812 0.749 0.073 0.870 0.831 0.722 0.033 0.901 0.851 0.788 0.044  0.907
BSANet 0.796 0.717 0.079 0.859 0.818 0.699 0.034 0.894 0.841 0.771 0.048 0.903
SegMaR  0.815 0.742 0.071 0.872 0.833 0.724 0.033 0.895 0.841 0.781 0.046  0.905
FEDER 0. 807 0.782 0. 069 0. 873 0. 823 0. 740 0.032 0. 900 0. 846 0. 817 0. 045 0. 905
DGNet 0.839 0.769 0.057 0.901 0.822 0.693 0.033 0.896 0.857 0.784 0.042 0.911
TJNet 0.842 0.778 0.064 0.890 0.844 0.738 0.030 0.907 0.864 0.799 0.042 0.912
FSEL 0.821 0.758 0.067 0.893 0.830 0.728 0.031 0.898 0.854 0.792 0.042 0.914
GLCONet 0.816 0.748 0.069 0.882 0.822 0.714 0.033 0.891 0.852 0.791 0.043 0.914
A3 0.861 0.818 0.052 0.914 0.866 0.781 0.024 0.928 0.881 0.832 0.035 0.926
K2 CASMHEENEELER
Table 2 Quantitative results on CASM dataset

i S. 4 Fi A My E A E§ A EjA Ey Fi A Fy= 4t

SINet 0.708 0. 324 0. 050 0. 873 0. 802 0. 961 0.625 0. 745 0. 825

LSRNet 0.920 0. 867 0.008 0.969 0.958 0.977 0. 842 0. 882 0. 899

C2FNet 0. 875 0.674 0.017 0. 948 0. 905 0.977 0.753 0. 840 0. 896

SINet-V2 0.917 0. 860 0.007 0.972 0.952 0.979 0. 829 0. 870 0. 899

BGNet 0.872 0. 649 0.017 0.959 0.939 0.981 0. 812 0. 870 0.920

BSANet 0.923 0.872 0.007 0. 966 0.971 0.972 0. 869 0. 887 0. 899

SegMaR 0.927 0.871 0.008 0.971 0. 959 0.977 0. 838 0. 882 0. 906

FEDER 0.902 0. 829 0.009 0.959 0. 945 0. 965 0. 810 0. 847 0.871

DGNet 0.926 0. 864 0.007 0.972 0. 959 0. 981 0. 836 0.872 0. 901

TJNet 0. 808 0. 500 0.027 0. 944 0.934 0.979 0. 815 0. 856 0.915

FSEL 0. 898 0.812 0.010 0. 947 0.924 0. 955 0. 774 0. 831 0. 862

GLCONet 0.933 0. 886 0. 006 0.976 0. 966 0.984 0. 861 0. 886 0.921

AL 0. 945 0.908 0. 005 0. 982 0.976 0. 988 0. 880 0.911 0. 935
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Fig. 9 Visual comparison with some representative COD models on the CASM dataset
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Fig. 10 Visual comparison with other edge extraction methods
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Table 3  Ablation study results on CASM dataset

gl MFAM EEM AFM CAM CASM
S. 4 Fi A My E;*
a 0.934 0. 889 0. 007 0.976
b J 0. 939 0. 900 0. 007 0.978
c J N 0. 942 0. 902 0. 006 0. 979
d N N J 0. 944 0. 904 0. 006 0.979
e N N J N 0. 945 0. 908 0. 005 0. 982
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