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1. [bookmark: _Toc130476628]The architectures for classification and image recognition

1.1 [bookmark: _Toc130476629]ResNet50 
Residual Network (ResNet) was built by Kaiming He et al. for the competition in the ILSVRC (ImageNet Large Scale Visual Recognition Challenge) 2015 challenge, in 2015. ResNet has many variants that run on the same concept but have different numbers of layers. Resnet50 is denoted as ResNet architecture with 50 neural network layers. The advantage of this architecture is the ability to train a deep network by skip connections (also called shortcut connections) when the output of the previous layer is injected into the deeper layer as illustrated in Figure ESI 1.[1]
[image: Chart, radar chart
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[bookmark: _Hlk115797112]Figure ESI 1 | Residual learning; a building block.[1]
1.2 [bookmark: _Toc130476630]Xception
Xception or Extreme version of Inception is a convolutional neural network that contains 71 layers deep developed by Google. With a modified depthwise separable convolution, it is more efficient than Inception-v3 (also by Google, 1st Runner Up in ILSVRC 2015) for both ImageNet ILSVRC and JFT datasets.[2]

1.3 [bookmark: _Toc130476631]VGG-16 
VGG-16 is a convolutional neural network containing 16 layers deep that won the ILSVR(Imagenet) competition in 2014. This model can classify images as 1000 different types even with the pretrained network. VGG-16 architecture is composed of 16 convolution layers and 3 fully connected layers.[3]

1.4 [bookmark: _Toc130476632]MobileNetV2
[bookmark: _Hlk115797289]MobileNetV2 is based on an inverted residual structure where the thin bottleneck structure in the model. This thin bottleneck is the input and output of the residual blocks compared to the conventional in which the expanded input is used. The model uses 3 × 3 depthwise separable convolutions. Consequently, the smaller computational cost than that of standard convolutions.[4]

1.5 [bookmark: _Toc130476633]8-layer CNN
The component of a CNN contains three main types of layers including pooling, convolution, and the fully connected layers. The features can be extracted by pooling, convolution, while the fully connected block provide the output when the extracted features is mapped on the output as shown in Figure ESI 2.[5]
[image: Chart

Description automatically generated]
Figure ESI 2 | The convolutional layers of 8-layer CNN architecture.[5]




1.5.1. Convolutional layer 
This layer is where the feature extraction takes place by the linear or non-linear operation. Here, kernel or filter that act as the operator applies to the input. The type of input is the image which will be transformed into the arrays of number called tensor.[5]

1.5.2. Pooling layer
Pooling layer is the layer in CNN where reduced a matrix (or matrices) is created to reduce the dimensionality of the feature matrix. Pooling normally composed of filter size, stride, and padding operator. It also includes taking either the maximum or average value across the pooled area. This layer subsequently deceases the learnable parameter.

1.5.3. Fully connected layers
A fully connected layer is also known as a dense layer. It is a hidden layer in which each node of the input is connected to every node of the output in the subsequent hidden layer and followed by the non-linear function, for example, ReLU (Rectified linear unit).[5] 

2. [bookmark: _Toc130476634]Evaluations
The evaluation values were calculated as Accuracy, Sensitivity, Specificity, Precision, and F-Score, which describes in the following part based on the confusion matrix as shown in Figure ESI  3.
[image: ]
Figure ESI 3 | Confusion matrix. True Positive, False Positive, False Negative, and True Negatives are defined based on the classification results (classified battery and classified pseudocapacitor) and the set of references (battery and pseudocapacitor)

			Eq. ESI 1,
where accuracy is the ratio of correctly predicted observation (TP+TN) compared to the total observations (TP+TN+FP+FN),

				 				Eq. ESI 2,
where precision is the fraction of relevant instances (TP) among the retrieved instances (TP+FP),

				Eq. ESI 3,
where recall/sensitivity (SE) is the fraction of relevant instances on battery that have been retrieved over total relevant instances in the image. It is based on an understanding and measuring of relevance,

			Eq. ESI 4,
where specificity (SP) is the fraction of relevant instances on pseudocapacitor that have been retrieved over total relevant instances in the image. It is based on an understanding and measuring of relevance,

			Eq. ESI 5,
where F1-score is harmonic mean of precision and recall. As a result, a high F1-score can only be obtained with both high recall and high precision are high.[6]



3. [bookmark: _Toc130476635]Loss curves 

Training loss and validation loss were plotted in order to determine the number of loop that optimized the prediction with highest accuracy and lowest Loss Value.[7] In this work, the loss curves (Figure ESI4- ESI8) were used to validate the best architecture to be used for the classification with our datasets.
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Figure ESI 4 | Loss curves of the training and validation loss for GCD and CV classification by using model ResNet50.

[image: ]
Figure ESI 5 | Loss curves of the training and validation loss for GCD and CV classification by using MobileNetV2 architecture.

[image: ]
Figure ESI 6 | Loss curves of the training and validation loss for GCD and CV classification by using VGG16 architecture.


[image: ]
Figure ESI 7 | Loss curves of the training and validation loss for GCD and CV classification by using Xception architecture.
 		

 [image: ]
Figure ESI 8 | Loss curves of the training and validation loss for GCD and CV classification by using 8-Layer CNN architecture.







4. [bookmark: _Toc130476636]Machine-learning for CV/GCD classification

Table ESI 1 | The models used with various sets of inputs and outputs based on ResNet50 architecture.
	Process
	Input
	Output
	Output data

	[bookmark: _Hlk96502844]1
	Image
	1
	Other image, CV, GCD (%confidence)

	2
	GCD
	2
	Battery, Pseudocapacitor (%confidence)

	3
	CV
	3
	Battery, Pseudocapacitor (%confidence)

	4
	CV of Battery
	4
	Capacitive tendency (0-50 %)

	5
	CV of Pseudocapacitor
	5
	Capacitive tendency (50-100 %)













Table ESI 2 | GCD and CV classification comparison based on evaluation values obtained from five different architectures; ResNet50, MobileNetV2, VGG16, Xception, and 8-Layer CNN.
	[bookmark: _Hlk93650924]CNN-Model
	Accuracy
(%)
	Sensitivity
(%)
	Specificity (%)
	Precision (%)
	F1 -Score

	GCD
	
	
	
	
	

	[bookmark: _Hlk96422878]   ResNet50
	94.22
	93.84
	94.45
	94.16
	93.99

	   MobileNetV2
	93.11
	92.56
	93.07
	93.12
	92.82

	   VGG16
	92.22
	92.24
	94.61
	91.78
	91.99

	   Xception
	93.77
	93.98
	96.49
	93.33
	93.60

	   8-Layer CNN
	94.00
	93.73
	94.77
	93.82
	93.78

	CV
	
	
	
	
	

	   ResNet50
	95.80
	93.52
	96.74
	94.65
	94.07

	   MobileNetV2
	94.64
	92.62
	96.42
	93.24
	92.92

	   VGG16
	94.36
	93.12
	97.13
	91.53
	92.28

	   Xception
	93.04
	88.87
	94.35
	91.31
	90.00

	   8-Layer CNN
	93.65
	89.08
	94.26
	92.77
	90.74
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Figure ESI 9 | The distribution of classification efficiency on a) GCD, and b) CV classification using Process 2, and 3, respectively.
Figure ESI 9 shows the results of classification using ResNet50 architecture with two type of input data including GCDs (Fig ESI 9a) and CVs (Fig ESI9b). It shows percentage of input CV/GCD images (y-axis) were classified as battery or pseudocapacitor with respect to the percentage of confidence (x-axis). The result shows that more than 80% of testing input was classified with 100% confidence.


5. [bookmark: _Toc130476637]Code and dataset accessibility on Github repository 
To access and run scripts with our codes and datasets, user can clone out repository from Github following this instruction:
5.1) Clone the repository 
By going to the website (https://github.com/ice555mee/TB-robot_code-data) or using this command
git clone https://github.com/ice555mee/TB-robot_code-data.git


5.2) Repository branches
This project has two branches: main, master, which can be explained here
· Main:  contains aggregate codes and datasets
· Master: additionally contains codes that user can use for test running. All models (including file.py, file.h5, file.json) are located in master branch of this repository since the large files are only store in master branch.
5.3) Installation/running
You may need to install the libraries/packages according to Python requirments.txt file.
· Code location
Codes for prediction test are located in folder named 'Test_prediction' in main branch, where all model files are located in master branch following to the structure below:
[image: ]
· File named ‘CV_classification.py’ or ‘GCD_classification.py’ are for the classification test for CV and GCD, respectively.
· File named ‘requirements.txt’ contains all requirements of packages and versions to be installed.
· Install the requirements by this following command
pip install -r requirements.txt


· Run prediction
· Run files named ‘CV_classification.py’ or ‘GCD_classification.py’
· Before running, edit file paths for the testing images (line 49) and the directory (line 51), where the user wants to put the results:
[image: ]
· Results
The result will show in the terminal with percentage confident of {type of material as Battery or pseudocapacitor}. For example,
[image: ]
, while the predicted CV or GCD images will be saved in the location as programed as shown below.
[image: ]    [image: ]
6. [bookmark: _Toc130476638]The website description

In this work, the website (http://supercapacitor-battery-artificialintelligence.vistec.ac.th) was built as an online tool for any users to classify CV or GCD based on our model. By simply importing CV or GCD, the user can determine the confidence of classification as well as the tendency of the material to behave as battery or pseudocapacitor.


[bookmark: _Toc130476639]6.1  Home page

The Home Page consists of short introduction of the concept of the website as well as the objective of website, graphical demonstration of the ideal of our classification, and navigation bar that provides links to other pages including T.B Robot Page that will provide CV/GCD classifier, About us Page, and Contact us Page as shown in Figure ESI 10.
[image: ]
Figure ESI 10 | The Home page of the website for CV/GCD classification.
[bookmark: _Toc130476640]
6.2 T.B Robot page

This page consists of the idea of T.B Robot that is merged from well-established pseudocapacitance concept. Moreover, matching results predicted by our model was demonstrated on this page as well as CNNs concept. From this page, the user can click on ‘GCD’ or ‘CV’ button to start the classifications. 

[image: ]
Figure ESI 11 | T.B Robot page 


[bookmark: _Toc130476641]6.2.1 GCD classification page

This page consists of web application for classifying GCD into battery or pseudocapacitor types where the prediction result will appear with the value of % confidence that the picture is battery or pseudocapacitor.
[image: ]
Figure ESI 12 | GCD classification page
                        



[bookmark: _Toc130476642]6.2.2 CV classification page

This page consists of web application for classifying CV into battery or pseudocapacitor types where the prediction result will appear with the value of capacitive tendency of an input CV.
[image: ]
Figure ESI 13 | CV classification page





[bookmark: _Toc130476643]6.3 Special issues

The possible issues under the usage of our model are clarified in this section where random pictures besides GCD/CV were input in the model. The predicted results with either % confidence or capacitive tendency from those unrelated inputs are demonstrated as shown in Figure ESI 14-17.

[bookmark: _Toc130476644]6.3.1 GCD classification

Figure ESI 14 and ESI 15 show two pictures classified as if it is pseudocapacitor with 87.42% confidence, and battery with 93.93% confidence, respectively. This result could be explained by the reason that this model based on binary classification where any type of input picture can give the prediction as either 1 or 0 (pseudocapacitor or battery), not else. The consequence is that the predictor finds its way to predict with certain value of confidence.
[image: ]
Figure ESI 14 | Non-GCD input with the prediction as pseudocapacitor
 
[image: ]
Figure ESI 15 | Non-GCD input with the prediction as battery.


[bookmark: _Toc130476645]6.3.2 CV classification

Figure ESI 16 and ESI 17 show two pictures classified as if it is pseudocapacitor with 96.19 capacitive tendency, and battery with 26.24 capacitive tendency, respectively. This result could be explained by the reason that this model based on binary classification where any type of input picture can give the prediction as either 1 or 0 (pseudocapacitor or battery).  The consequence is that the predictor finds its way to predict with certain value of capacitive tendency. 
[image: ]
Figure ESI 16 | Non-CV input with the prediction as a pseudocapacitor.

[image: ]
Figure ESI 17 | Non-CV input with the prediction as a battery.

7. [bookmark: _Toc130476646]Prediction using electrochemical data from recent paper

[image: ]

Figure ESI 18  | The predicted representative electrochemical signals (from Nature Energy, Fleischmann  et al.[8]): a-I) porous carbon with solvated ion adsorption, a-II) porous carbon with partially solvated ion adsorption, a-III) graphite with desolvated Li+ intercalation, b-I) MXene with hydrated Li+ adsorption, b-II) MXene with partially desolvated Li+ intercalation, b-III) layered LiNi1/3Mn1/3Co1/3O2, NMC with desolvated Li+ intercalation, and c) % capacitive tendency.

[bookmark: _Toc130476647]8. Data sets used in title correlation vs, GCD and CV classification (DOI)

[bookmark: _Toc130476648]8.1 Pseudocapacitor (Matched)
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File Edit Selection View Go Run Terminal Help <« P Search oDEmoe - =] X

ib] readme.md Preview readme.md X a0 --
o
P Branches
This project has two branches: main, master, which can be explained here
a’> * main contains aggregate codes and datasets
* master additionally contains codes that user can use for test running. All models (including file.py, file.hS, filejson) are located in master branch of this repository.
&
Clone the repository
git https://github.com/ice555mee/TB-robot_code-data.git
Installation/running
You may need to install the libraries/packages according to Python requirments.tt file.
* Getting start on running prediction
© Codes location
Bl Codes for prediction test are located in folder named ‘Test_prediction’ in main branch, where all model files are located in master branch following to the structure.
Main branch
L— Test_prediction
|— cv_classification.py
|— 6cp_classification.py
L requirements.txt
Master branch
L Test_prediction
© Installing/running
= Install these requirements by this following command
pip install -r requirements.txt
= Run prediction
*® Run files named ‘CV_dlassification.py" or ‘GCD_classification.py”
= Before running, edit filepaths for the testing images (line 49) and the directory (line 51), where the user wants to put the results:
image_path - r"Ci\Users\ice_d\Desktop\Python\Test_prediction\unknowncv\unknown. jp
newloca=os. chdir(newdirec)
newfilename = “predicted
Pmin ® @o0Ao0 QR e
Documentation on using Github repository - Word ig €3} = (s X
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This project has two branches: . . which can be explained here

¢ contains aggregate codes and datase

¢ additionally contains codes that user can use for test running. All models (including file.py.

ocated in master branch of this repository since the large files are only sto

master branch.

3) Installation/running

u may need to install the libraries/packages according to Python requirments.

¢ Code location

Codes for prediction test are located in folder named 'Test_prediction’ in main branch. where all model

files are located in master branch following to the structure below:
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filepath weights = ‘weights mode2.hs5"

41
42
43 #load model
42 with open(‘history model®, 'rb') as file:
a5 his = p.load(file)
46 predict_model = load_model(filepath)
47
48
49 image path = r’C:\Users\ice_d\Desktop\Python\Test prediction\unknownCV\unknowni.jpeg"
50 # new Image directory
51 newdirec= r'C:\Users\ice_d\Desktop\Python\Test prediction\resultcv®
52 newloca=os.chdir(newdirec)
53 # New filename
54 newfilename = ‘predicted’
55
56 #prediction
57  test_path = image path
58
59 img = keras.preprocessing.image.load_img(test_path, target size=(img_height, img width))
60 img_array - keras.preprocessing.image.img to_array(img)
61 img_array = tf.expand_dims(img_array, @) # Create a batch
62 predictions = predict_model.predict(img_array)
63 score = tf.nn.softmax(predictions[e])
64 #print(‘Battery’,score[0],"Batterys5e”,score[1], "Battery75",score[2],"Pseudocapacitor”,score[3], "Pseudocapacitor7s”,score[4])
65 #display(Image(filename=test path,width=180, height=180))
66
67 readimg = cv2.imread(test_path) # load CV2 img
68
69  #Battery 100%
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) File Edit Selection View Go Run Terminal Help &

@ % newcode_GCD_classification_process2.py 4 % newcode_CV_classification_process3.py 4 X
C: > Users > ice_d > Desktop > Python > Install > #® newcode_CV_classification_process3.py > ...
p 2/  prant( Pillow version: , PLL._ version__)
28
29
I,O 30 print('GPU Available::', tf.config.list_physical devices('GPU"))
31
32
ﬂ’> 33 import pathlib

24 Antadin — n"C:\lcanc)ica A\Dacktan® #nath datacat

OUTPUT DEBUG CONSOLE TERMINAL PROBLEMS (8

Y0

(base) PS C:\Users\ice_d> & C:/Users/ice_d/AppData/Local/Programs/Python/Python316/python.exe
c:/Users/ice_d/Desktop/Python/Install/newcode CV_classification_process3.py

2023-62-14 18:52:09.331886: I tensorflow/core/platform/cpu_feature guard.cc:193] This TensorFl
ow binary is optimized with oneAPI Deep Neural Network Library (oneDNN) to use the following C
PU instructions in performance-critical operations: AVX AVX2

To enable them in other operations, rebuild TensorfFlow with the appropriate compiler flags.
2023-02-14 18:52:09.333603: W tensorflow/stream executor/platform/default/dso_loader.cc:64] Co
uld not load dynamic library ‘nvcuda.dll’; dlerror: nvcuda.dll not found

2023-02-14 18:52:09.333743: W tensorflow/stream executor/cuda/cuda_driver.cc:263] failed call
to cuInit: UNKNOWN ERROR (3@3)

2023-62-14 18:52:09.337395: I tensorflow/stream executor/cuda/cuda_diagnostics.cc:169] retriev
ing CUDA diagnostic information for host: LAPTOP-OI10P7TE

2023-02-14 18:52:09.337662: I tensorflow/stream executor/cuda/cuda_diagnostics.cc:176] hostnam
e: LAPTOP-OI16P7TE

Numpy Version: 1.22.1

Tensorflow Version: 2.10.0

OpenCV Version: 4.5.5

Pillow Version: 9.6.0

GPU Available:: []

WARNING: tensorflow:Error in loading the saved optimizer state. As a result, your model is star
ting with a freshly initialized optimizer.

1/1 [= - @s 106ms/step

confident ©.9916572570800781 of {'Pseudocapacitor'}

finished prediction

(base) PS C:\Users\ice_d>

Qo b=
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Welcome to Terrible Battery
(T.B) Robot

This website was established by the group of electrochemists and
physicists from the laboratory of Molecular Electrochemistry for
Energy (MEE) to provide an interactive channel for data
dlassification of CV and GCD...

READ MORE

CV/GCD Classification tool

By simply using cyclic voltammagram (CV) or Galvano- static Charge-Discharge (GCD) curves, the user can determine
the tendency of the material to behave as battery or pseudocapacitor by the percentage of pseudocapacitance.

g8

Import your image.

| cver ResNets
i |images
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T.B Robot structure

Anumber of scientific papers were imported
to firstly extract only CVs and GCDs as the
datasets for further classification into
Bettery vs. Pseudocapacitor

READ MORE

Data Priva cy Data Privacys This website doss nor conserve any fies/data imported. lease, ve willbe

‘gratefull to add on citation if using our predictor...

Personal Information: The website doen not track any individuzl 1P address. To use our
website while protecting your data and spoofing your location, VPN is reccommended
during the usage.

Get in Touch!

Vidyasirimedhi Institute of Science and Technology (VISTEC)
Wangchan Valley 555 Moo 1 Payupnai, Wangchan, Rayong 21210 Thailand
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T.B Robot

Our Robot is based on a well established pscudocapacitance theory proposed
by B. E. Conway as well as machine learning (ML) using Python language.

The objective is to provide an interactive channel to classify CV/GCD behaviors of
faradaic electrode materials sed in energy storage research between battery

and pseudocapacitor types.
|
A
%

BASED ON THESE FAMILIES CLASSIFIED BY THE AUTHORS OF THE ARTICLES - BY THE HUMAN
CLASSIFICATION- WE CONFRONTED THE PREDICTOR WITH THESE TITLES...
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Convolutional Neural Networks
(CNNs)
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THIS IMAGE MAY NOT GCD: THE RESULTS MAY NOT BE CORRECT. HIDE

The Robot predicts that this GCD is Pseudocapacitor type

with 87.42% confidence.

The prediction was performed based on binary classification between
pseudocapacitor vs battery.
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