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Abstract

Defect inspection and classification are an essential part of the manufacturing
process in the industry. Many machine learning methods have been applied in the actual
production process in recent years. This study discusses the potential benefits of
employing a hybrid convolutional neural network-support vector machine (CNN-SVM)
combined with transfer learning, squared hinge loss (L2 loss), and pre-trained weights
for defect classification. A three-phase procedure is proposed that includes data pre-
processing, training of multiple differently configured models, a performance
evaluation, and selection of the optimal model. A light-emitting diode (LED) lead frame
dataset obtained from a real-world application is used to evaluate the scheme. It is found
that the proposed system increases the classification accuracy by up to 18.03%
compared to similar models, while reducing the training time by at least half. Therefore,
this study suggests selecting ResNet50-V2 with pre-trained weights, a custom output
fully connected layer, and L2 loss as the optimal base model to construct an automatic
defect classification system for the LED lead frame problem. In particular, this study
focuses on the comparative evaluation of the performance of different transfer learning
approaches. The proposed method is a low-cost and efficient solution that can be
effectively used for defect classification in the industry.

Keywords Convolutional neural network, Support vector machine, Transfer learning,
Automatic defect classification

1. Introduction

In recent years, many machine learning methodologies have been applied in the
field of quality engineering. These approaches can significantly improve the inspection
process, reducing the time and costs required (Wuest et al., 2014; Valizadeh and Wolff,
2022). For example, Chou et al. (1997) utilized a hybrid classifier for defect detection
and adaptive laturnldl in a semiconductor manufacturing task. Lin (2009) proposed
a neural network approach for the automated defect inspection of LEDs. In recent years,
the rise of pattern recognition and the increasing body of research on convolutional
neural networks (CNNs) (LeCun et al., 2015) has allowed for more accurate and
complex applications, while hardware such as graphics processing units (GPUs) has
boosted the computational power of deep models. Competitions such as the ImageNet
Large Scale Visual Recognition Challenge (ILSVRC) have provided an annual
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platform for creative model architectures and configurations. They have motivated the
development of classical models like AlexNet (Krizhevsky et al., 2012) and GoogLeNet
(Szegedy et al., 2015). In a 1000-class classification problem, models can often achieve
error rates of below 10%, surpassing even human performance. Some CNN applications
related to the inspection process include Park et al. (2016) constructed a surface defect
inspection system utilizing a CNN. Lin et al. (2019) applied a deep CNN approach to
the automated defect inspection of LED chips.

Machine learning removes the need for hand-crafted prediction models and the
direct transfer of knowledge from data to the model, thus significantly improving the
inspection process and enabling the development of fully automated factories. However,
in real-life applications, the requirements for computational resources and training time
for high-capacity models can be high, making them unfeasible; in addition, the
requirements for massive datasets for high-capacity models can lead to expensive
manual 2aturn2d2 costs. In order to better balance the performance of the models and
the computational effort involved, the use of transfer learning has become increasingly
popular. For example, Yang et al. (2018) proposed a transfer learning-based online
scheme for mura defect classification that achieved accuracy over 90% and a
classification time of 1.5 ms for new inputs without the need for long training times and
massive datasets, while Ng et al. (2015) tackled emotion recognition in small datasets
using a fine-tuning strategy, and achieved superior performance.

Support vector machines (SVMs) (Vapnik, 1999) have long been regarded as one
of the most powerful machine learning methods. However, the total number of pixels
in an image can easily surpass 400 (a 20x20 greyscale image) or more in image
classification problems. SVMs are not only unable to detect spatial structures in images,
but large input dimensions also lead to computational inefficiency. Researchers,
therefore, began to explore the possible benefits of combining CNNs with SVMs is a
hybrid classification system, with the former used for feature extraction and the latter
for classification. Most studies have focused on the independent training of a CNN and
the use of the extracted features to train another SVM model for classification. Sun et
al. (2019) proposed a CNN-SVM method for the classification of remote sensing data
that yielded an accuracy of up to 96.42%, that is, 4% higher than a traditional CNN;
Kang et al. (2017) constructed an ensemble CNN-SVM for leakage detection in a water
distribution system by combining the predictions of a typical CNN and an SVM trained
on the extracted features and achieved an accuracy of 95.1%.

Rarely have studies discussed the potential of utilizing transfer learning in a hybrid
CNN-SVM system, which may benefit the training time, efficiency, performance, or
manual 2aturn2d2 costs. However, in real-world applications, insufficient data may
be available to train a complete model, or the price of manual 2aturn2d2 may be too
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high. This study proposes a classification model that combines a CNN with transfer
learning and an SVM for defect classification in LED lead frames at the incoming
quality control (IQC) stage. In multiple experiments, differently configured models are
trained on the LED lead frame dataset, and the models’ performance metrics are
collected and analyzed. Based on an analysis, this study aims to discuss the impact of
transfer learning and SVM classification, considering the computational restrictions,
resources, and efficiency.

2. Related work
2.1. Convolutional neural networks

LeCun et al. (1998) proposed the famous LeNet-5 structure, which achieved
superior performance compared to most state-of-the-art models in pattern recognition
and paved the way for the blossoming of CNN research. A typical CNN mainly consists
of multiple convolution layers, pooling layers, and fully connected layers.

Convolution layers comprise multiple filters of various sizes, forming multiple
feature maps. The weights within the filters are trained over time, each extracting
different features. In the first few layers, lower-level features such as edges or corners
are extracted from the input images; deeper layers in the model then extract higher-
level and more complex features.

Pooling layers are often utilized to decrease dimensionality. There are multiple
approaches for achieving this, including max pooling, average pooling, averaging, or
taking the maximum values of areas of the input feature maps to output smaller-
dimensioned maps.

Fully-connected layers behave similarly to a backpropagation neural network,
outputting the model’s predictions. Using a softmax activation function, a typical k-
class classification model would have an output layer of k nodes.

In subsequent years, more CNN architectures were proposed, including popular
ones such as LeNet-5 (LeCun et al., 1998), AlexNet (Krizhevsky et al., 2012), VGG16,
and VGG19 (Simonyan and Zisserman, 2014), and GoogLeNet (Szegedy et al., 2015).
2.2. Transfer learning

Machine learning, whether using 3aturn3d or unlabeled data, initially used a
typical process in which the weights were first randomly initialized, and the model was
then trained via backpropagation. These approaches assume that the training and testing
data come from the same distribution; transfer learning allows this limitation to be lifted.
In Pan and Yang’s (2009) study, transfer learning was defined as follows: a domain D
is comprised of two components, a feature space X and a marginal probability
distribution P(X), where X = {xy, ..., x,} € X. Givenasource domain Dg, a learning
task Ts, atarget domain D, and atask 7%, then we can use the knowledge in Dg and
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Js to help improve the learning of the prediction function f-(-) in Dr. For example,
in an image classification problem in which the source task is a classification problem
between cats and dogs, learning a target task of classifying lions and tigers could
potentially be improved using knowledge from the source task.

With transfer learning, we can either use a complex model, in which the
parameters are trained on larger datasets from another domain, to perform the intended
task, or use the complex model as a feature extractor only and follow it with a new
classifier with randomly initiated weights, thus dramatically reducing the number of
trainable parameters to avoid overfitting. The rationale behind the use of transfer
learning, apart from improving the performance, is that more complex models have a
more significant number of parameters, leading to overfitting and impacting the
model’s generalization. Another rationale might be that the data available from the
target domain may be insufficient for high-capacity model structures or that obtaining
a dataset of sufficient size might be too costly; in this case, utilizing transfer learning
allows for faster convergence speed and avoids overfitting.

In order to utilize transfer learning and optimize the performance, it is crucial to
select the optimal base model. This study selected three candidate base models: VGG16,
Inception-V3, and ResNet50-V2.

VGG16

VGG 16 was trained on the ILSVRC-2012 dataset, containing RBG images with
1000 classes; 1.3 million training images, 50,000 validation images, and 100,000
testing images were used, all of size 224 x 224 x 3. The convolution stride was one
pixel, and a valid padding method was applied before each convolution to preserve the
spatial resolution. ReLU nonlinearity was added to all layers, and max-pooling was
configured with size 2 x 2 and stride two. VGG16 has a total of 138 million trainable
parameters.

Inception V3

The basic structure of the Inception network has four parts: a 1x1 convolutional
layer, a 3x3 convolutional layer, a 5x5 convolutional layer, and a 3x3 max-pooling
layer. Inception-V3 (Szegedy et al., 2016) uses several different convolution
factorization schemes according to the relative depth position in the network and carries
out feature extraction at different levels. In this case, the auxiliary classifiers were
further batch-normalized to improve performance, and label smoothing was applied to
prevent overtraining. The Inception-V3 model was also trained on the ILSVRC-2012
dataset, where the model was 42 layers deep with 1000 classes.

ResNet-V2

He et al. (2015) introduced the idea of deep residual networks. A deep residual

learning model consists of multiple residual blocks. Unlike a traditional model structure,
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in which a model is trained to fit the desired mapping using several stacked layers,
residual networks motivate layers to fit a residual mapping through “shortcut
connections” using the following approach. We denote the selected mapping as H (x),
and the model allows the stacked layers to fit another mapping of F(x) = H (x) — x.
The original mapping is then recast into F(x) + x.

ResNet V1 can achieve model depths of up to 152 layers by utilizing stacks of
residual blocks with impressive performance. The following year, an updated ResNet-
V2 was proposed with a slight variation in the residual blocks (He et al., 2016). This
scheme allowed for better backpropagation and a consistent improvement in
performance. The model variation selected for this study was ResNet50-V2.

2.3. CNN with support vector machines

SVMs were initially designed to tackle binary classification problems. Given a set
of training data with labels (x,,t,),n=1,..,N,x, € R?, t, € {—1,+1}, SVMs use
constrained optimization as follows:

1N
ME W WEE L b
n=1 (1)
st. wixpt, =1—-§&, Vn
(=0 Vn

where ¢, are variables which penalize violation of the margin requirements. The
corresponding unconstrained optimization problem is:

N
mui}n %WTW +C z max(1 — wTx,t,,0) (2)

n=1
The above equation is the primal form of the problem of L1-SVM, with the second
part of the objective being a standard hinge loss. However, L1-SVM is not
differentiable, and L2-SVM, which can be differentiated and strengthens the
penalization effect for violations of the margin, is more popular. The optimization

problem is then

1N
min Sw'w + C Z max(1 — w'x,t,,0)? 3)
n=1
In an SVM multiclass classification problem, one possible approach is one-vs-rest,
where for a classification problem with K classes, K independent SVMs will be trained.
For linear SVMs, the k-th SVM output is

ag(x) = w'x “4)
The predicted class is determined by
arg max a; (x) (5)

k



Journal of Quality and Efficiency First Issue

Tang (2015) study showed that replacing the softmax output layer with linear SVM
results in a consistent performance gain for some deep learning architectures. To
achieve this, the objective of an L2-SVM should be set as the model loss function to
take advantage of the L2-SVM classification effect. Traditional multiclass
classification models utilize cross-entropy loss, as shown in Equation 6:

H=— z tylog (x) (6)

n

The objective in Equation 3 can be set as the model objective, replacing the
original cross-entropy loss, in the following way: apply L2 regularization (Ng, 2004) to

the layers, hence satisfying the %wTw part; set the activation function of the final

outputting layer to linear to satisfy the term w7 x,, within the second part; and lastly,
configure the model loss as a slightly modified version of the squared hinge loss,
combining all the previous elements together and adding the hyperparameter C to
form the objective based on which the model will backpropagate, update weights and
minimize the objective. Hence, differentiation should be performed on the loss
concerning the activations of the previous layer to obtain the gradient. Letting the loss
be ¢(w), and the penultimate activations A, we have
2t (w)
04,
In this way, we obtain the same backpropagation procedure as a typical neural
network. In his paper, Tang also stated that L2-SVM performed better than L1-SVM,
and we, therefore, selected L2-SVM for this study.

= —2Ct,w(max(1 — w'4,t,,0)) (7)

2.4. Automatic defect classification

Manual defect classification can be labor-intensive and time-consuming. The
accuracy may fluctuate or even decrease due to the repetitiveness of the work, a lack of
insight, process advancements, or difficulty in classification. To improve performance
and reduce costs, the adoption of automatic defect classification (ADC) has become
increasingly common over the years. As early as the 1990s, several studies had already
been published that discussed the benefits of ADC for integrated circuits and
semiconductor manufacturing (Chou, 2019; Breaux and Singh, 1995; Bennett et al.,
1995). Although most studies focused on offline ADC, Bennett et al. (1995) stated that
in addition to improving the classification algorithm, “on the fly” ADC on defect
detection should also be developed, which Skumanich (1999) later addressed.

With the increasing popularity and development of machine learning and
computer vision, ADC has become increasingly feasible and attractive in terms of speed
and performance. Concerning an LCD manufacturing process, Kang et al. (2009)
proposed several classification models based on machine learning methods such as
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SVM and BPN. They achieved a classification accuracy of 86% for four classes. Deng
et al. (2018) constructed a CNN model for PCB defect classification and obtained an
accuracy of 97.6%. Lin et al. (2019) proposed a deep learning method to detect a steel
surface automatically. Cheon et al. (2019) not only trained a CNN model for wafer
surface defect classification, but also combined a k-nearest-neighbors algorithm for the
detection of unknown defect classes. Lu et al. (2020) combined convolutional and
generative adversarial networks to eliminate moiré patterns in defect images without
impairing the image quality in TFT-LCD manufacturing. With ADC, the cost of manual
classification and training can be reduced while maintaining similar or better
performance, increasing throughput, and moving towards the development of fully
automated factories.

3. Proposed approach

The proposed procedure, which uses a CNN-SVM model with transfer learning,
has three phases, as discussed below.
Phase 1: Data collection, cleansing, and preprocessing

The image data is first obtained, and data cleansing is performed; normalization is
performed on the image data as the only preprocessing procedure. For RGB images of
size width X height, there are a total of width X height x 3 pixels, and each pixel
takes a value of between zero and 255. In order to speed up training, all images are
normalized by dividing the value of pixels by 255. This is called min-max feature
scaling and uses the following formula,

X — Xmin X-0 X

Xomax — Xmin 255 —0 255 ®

where X isan original value and is the X' is the normalized value. This normalization
method rescales the pixel values to the range [0, 1].

The images are then split up randomly into three subsets, where 60% are used for
training, 20% for validation, and 20% for testing.
Phase 2: Training the models

Multiple base models are selected to make up the full model. This study uses three
popular models: VGGL16, Inception-V3, and ResNet50-V2. The final fully connected
layer at the top of the base models is removed and is replaced by a new output layer to
carry out the target task of the dataset. The above comprises the full model. For
comparison, each model has used three different configurations: one with no pre-trained
weights, one with pre-trained weights trained on the cross-entropy loss, and one with
pre-trained weights trained on the L2-loss. Therefore, nine models are trained on the
training and validation datasets. The testing set is then used to evaluate the trained
model. The training process is repeated ten times, and the performance metrics are
collected and averaged for better representation and to eliminate the variability due to

X' =
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the randomness. The following procedure is used for the construction and training of

the models:

Step 1. Select the base model.

Step 2. Randomly initiate the weights or load in pre-trained weights. Pre-trained
weights are then frozen and cannot be updated during training.

Step. 3 Remove the original output layer and replace it with a custom output layer with
randomly initiated weights.

Step 4. Set the loss function to cross-entropy (traditional loss) or L2 loss (CNN-SVM).

Step 5. Input the training dataset, including pairs of images and labels.

Step 6. Compute the output values for each layer.

Step 7. Compute the loss and the classification accuracy of the training set.

Step 8. If pre-trained weights are not used, update all weights via gradient descent;
otherwise, since the weights in the base model are fixed, update only the weights
between the output layer and the penultimate layer via gradient descent.

Step 9. Input the validation dataset, including pairs of images and labels.

Step 10. Compute the output values of each layer.

Step 11. Compute the loss and the classification accuracy of the validation set.

Step 12. Record the weights and the loss for the validation set.

Step 13. Return to Step 5 and repeat for N epochs. Step 12 is only executed if the loss
for the validation set of the current epoch is smaller than the previously
recorded loss (N is decided by the user and can be set to e.g., N =100).

Step 14. Load in the weights recorded with the lowest loss for the validation set.

Step 15. Input the testing dataset with pairs of images and labels.

Step 16. Compute the classification accuracy over the entire testing set.

Phase 3: Performance evaluation and model selection

All the models are analyzed in this phase based on the performance metrics,

categorical classification accuracy, the total number of weights, and training time for N

training epochs. The best model is then selected as the ADC system model.

4. Implementation

4.1. Case study

An LED lead frame dataset was obtained from an IQC process for real-life
products. Each lead frame contains several hundred cells into which LED light bulbs
are welded. The dataset contains 1,250 images of cells, with one OK (no defect) class
and four defect classes: dents, contamination, foreign material, and excessive glue. The
images were obtained with front lighting and RGB cameras during the inspection
process. Sample images are shown in Fig. 1-5.
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Fig. 1. A sample image from the OK class.

Fig. 2. A sample image from the Fig. 3. A sample image from the
dent class contamination class

© 2

Fig. 4. A sample image from the Fig. 5. A sample image from the
foreign matter class excessive glue class

The OK class contained 530 images, and the other classes each held 180. These
were RGB images of size 260 x 126 x 3, and were randomly split into three subsets:
a training set of 750 images, a validation set of 250 images, and a testing set of 250
images. To speed up training, all images were normalized by applying min-max feature
rescaling, i.e., dividing by 255 to rescale the pixel values between zero and one. During
training, the training and validation sets had a batch size of 2, which was set empirically.
No batching was used for the testing set. The labels were one-hot encoded.

4.2. Experimental setup
Base model

The selected base models were implemented using Keras Applications and
Tensorflow Hub. In Keras Applications, the argument “include top” was set to false,
thus removing the original output layer and replacing it with a new, randomly initialized
output layer, and the “weights” argument was set to “None” or “imagenet,” indicating
that pre-trained weights were used. In Tensorflow Hub, the feature vector versions of
the base models were utilized, meaning that the original fully connected layer for the
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output was left out. A new output layer was then added.
Loss: L2 loss (Lee and Lin, 2013)

We used the L2 loss as the loss function for the entire model. The value of the
hyperparameter C was set to 10, which was the optimal value observed from multiple
experiments.

Optimizer: Adam optimizer (Kingma and Ba, 2014)

The name Adam is from adaptive moment estimation, and this approach combines
the advantages of Adagrad (Duchi et. Al., 2011) and RMSProp (Tieleman and Hinton,
2012). It utilizes estimations of the first and second moments of the gradients to achieve
an adaptive learning rate for each parameter update, resulting in both a scaling effect
on the learning rate, like RMSProp, and a more stochastic update process like stochastic
gradient descent. In this study, we used the default settings for Adam from the original
2014 study.

Training process

Zero padding was utilized before the base model for better recognition, while after
the base model, a dropout layer with a probability of 0.5 was also used for regularization.
The models were trained using an Intel Core i5-9400F CPU with 32 GB RAM, and an
NVIDIA GeForce RTX 2070 GPU. The same model was trained three times: once
without the pre-trained weights and once each for categorical cross-entropy and L2 loss.
The model trained with L2 loss used a “linear” activation function in the output layer.
The callback function “model checkpoint” was applied to automatically record the
weight values of the epoch with the best validation set loss. The three datasets were
evaluated using the best weights recorded by the callback function when completing
training. This process was repeated ten times, and the performance metrics were
averaged over the ten experiments for a more representative result.

Configuration

Fig. 6-8. Show the configurations of the models to be trained. The grey boxes
indicate the base model (with fixed pre-trained weights when performing transfer
learning and randomly initiated weights otherwise), while the white boxes indicate the
randomly initialized weights.

4.3. Performance measures

In order to better understand the performance for the different settings, three
performance measures were used, and the results were collected for the three phases,
including the total number of weights (including untrainable and trainable weights), the
categorical accuracy of testing, and the training time for each epoch. The total number
of weights represents the computational resources required by the model. At the same
time, the categorical accuracy of the test set indicates how well the model can
differentiate between the classes, and the training time for each epoch is a measure of
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the processing time for each epoch.
4.4. Experimental results
Classification accuracy

Table I shows the experimental results for the testing classification accuracy of the
models. VGGL16, being the simplest and the least capable model, showed the most
significant improvement from the use of transfer learning and L2 loss, with increases
of up to 12.33% and 18.03% in the categorical accuracy, respectively. ResNet50-V2
achieved the highest accuracy, with results of up to 96.71% for categorical cross-
entropy and 97.03% for L2 loss.

The results indicate that the use of transfer learning gives a consistent boost in
performance, and a further constant improvement can also be obtained from the use of
L2-loss to give a CNN-SVM hybrid system rather than the traditional categorical cross-
entropy loss. It was also observed that the impact of the proposed method was more
substantial for simpler, stacked models such as VGG16, while powerful structures such
as Inception-V3 and ResNet50-V2 experienced a performance boost of 1% to 2%.
Number of weights

Table 1l lists the total trainable and untrainable weights in the models. It is easy to
see that VGG16 has the lowest number of weights, whether trainable or untrainable.
This means that whether or not pre-trained weights are used, VGG16 will require the
least computational resources of the three models, especially memory. When transfer
learning is used, the full model with VGG16 as the base model needs to train fewer than
3,000 weights, five times less than its counterparts. However, VGG16 has the lowest
capacity and gives poorer accuracy than the others, either due to the lower number of
weights or its less effective structure.

ResNet50-V2 has only two million more weights than Inception-V3; however, as
shown in Table I, it outperforms Inception-V3 by 1.29% and 1.57% in terms of the
testing accuracy with cross-entropy and L2 loss, respectively, indicating that ResNet50-
V2 is a more effective structure than Inception-V3 with similar computational resource
requirements, and can extract better features for use in transfer learning.

Training time

The training times for all the models are shown in Table I1l. When pre-trained
weights are not used, Inception-V3 takes the longest time to train, while the simplest
model, VGG16, takes the shortest. With transfer learning, the learning times required
are similar among the models for both cross-entropy and L2 loss, ranging from 3.5 to
4.5 minutes. It is easy to show that when transfer learning is used, the learning time is
significantly reduced compared to when pre-trained weights are not used. This is
because the values of the weights in the base model are fixed, and the number of
trainable weights is significantly reduced, thus reducing the computational complexity
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and requirements.

It is also worth mentioning that when transfer learning was used, VGG16 took the
longest to train, although it had the lowest number of trainable weights of the three
models. When developing the Inception and ResNets networks, their authors raised the
issue that VGG16 is not an efficient model in terms of computing and therefore
proposed new structures that were more computationally efficient. Our results aligned
with these findings.

Table I. The testing classification accuracies of the models

No Transfer Transfer Performance gain
Base model pretrained learning learning Cross
L2-loss
weights (Cross entropy) (L2-loss) entropy
VGGI16 75.10% 87.43% 93.13% 12.33% 18.03%
Inception V3 94.86% 95.74% 95.98% 0.88% 1.12%
ResNet50-V2 94.26% 96.71% 97.03% 2.45% 2.77%

Table I1. The number of weights in the models

Trainable Untrainable
Base model Total weights
weights weights
VGG16 2,565 14,714,688 14,717,253
Inception V3 10,245 21,802.784 21,813,029
ResNet50-V2 10,245 23,564,800 23,575,045

Table I11. The training time of the models (measured in seconds).

No pretrained Transfer learning Transfer learning
Base model
weights (Cross entropy) (L2-loss)
VGG16 547.87 271.35 272.45
Inception V3 975.44 190.14 194.70
ResNet50-V2 746.40 242.86 260.54

Analysis of results

In summary, the use of transfer learning dramatically reduces the training time. It
improves the classification accuracy, changing the loss from the traditional cross-
entropy loss to the L2 loss, thus achieving a hybrid CNN-SVM system, further
enhancing the performance. Without requiring the addition of more computational
resources, the proposed CNN-SVM with transfer learning requires less training time
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and outperforms alternative models in terms of accuracy. We recommended using
ResNet50-V2 as the base model of the nine configurations, with pre-trained weights
and L2 loss. It results in the highest classification accuracy and requires slightly more
computational resources than the alternatives.

P 4 P 2
Input (126 X 260 X 3) Input (126 X 260 X 3)
T Conv3-512 7 Conv3-512
ZeroPadding (1) ZeroPadding (1)
¥ Conv3-512 ¥ Conv3-512
Conv3-64 Conv3-64
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Conv3-128 Conv3-128
Conv3-512 Conv3-512
Conv3-128 Conv3-128
Conv3-512 Conv3-512
Maxpooling Maxpooling
I Maxpooling T Maxpooling
¥ ¥
Conv3-256 Conv3-256
FC-4096 FC-4096
Conv3-256 ¥ Conv3-256 L1
FC-4096 FC-4096
Conv3-256 ¥ Conv3-256 L]
‘ Dropout (0.5) ‘ | Dropout (0.5)
Maxpooling : Maxpooling L2 -
Output (Softmax) Output (Linear)
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Fig. 6. Full model with VGG16 as base model.
Left: Cross Entropy Loss, Right: L2-Loss
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Fig. 7. Full model with Inception V3 as base model.
Left: Cross Entropy Loss, Right: L2-Loss
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Fig. 8. Full model with ResNet50-V2 as base model.
Left: Cross Entropy Loss, Right: L2-Loss

5. Conclusion
The automatic identification and classification of defects can help
manufacturers identify product abnormalities and quickly respond to problems in
the process. Therefore, the loss of production cost can be reduced. In this study, a
three-phase procedure involving a hybrid CNN-SVM system with transfer learning
is proposed for defect classification. When applied to data on LED lead frames, the
proposed scheme achieved consistent superiority over alternative models in terms
of performance while significantly reducing the training time. It can be observed
that when using transfer learning, the model takes a shorter time to train while
offering superior classification accuracy; in addition, the use of L2 loss to achieve
an L2-SVM classification effect in the output layer further boosts the accuracy and
results in a consistent increase in performance. By combining the power of L2-
SVM and transfer learning, the classification accuracy can be improved by up to
15% while remaining feasible in terms of computational restrictions. This method
can be applied in real-world cases as a low-cost classification method with quick
results and excellent performance.
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In addition, the base model also determines the performance of the full model.
VGG 16 obtained the lowest accuracies while ResNet50-V2 achieved the highest,
which aligns with the results observed in the IRSVRC competition. This indicates
that the base model should be carefully chosen when transfer learning is
implemented. Other factors such as computational restrictions and training time
should also be considered.

In conclusion, the proposed method is a low-cost, efficient solution for
tackling image classification problems. The use of transfer learning allows for a
shorter training time, while the L2-SVM classification effect in the top layer
improves the classification accuracy.

When using transfer learning, the pre-trained weights in the base model can be
set to initial values and then further trained to better fit the target problem, a process
referred to as fine-tuning. This could be compared with other methods in terms of
increasing performance, and could be combined into an ensemble system to
improve the performance of the models. Other base models could be selected in
future studies, and the optimal field of applications in real life could be analyzed or
compartmentalized.
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£ 1+ (practitioner-to-practitioner variability) (Saleh e al., 2015) - 4«»\%‘:’ E2 e R
Bodgeand 2 e o bRl R L TG LR Lbjgkg WA 2
FEcE & FEEFIRL Foedm e

AR SEL PP L0 B F R FHIN ARL(ARLy) Howo A
B3 ARk E R T HRATHE T 40 AARL Ea #9453 ARLy> @ *®
£ 3 | ¢ SDARL & o Zhang et al. (2014) =3 SDARL & & e ¥ & 4| p
ARL (ARLg) 2 10% P - fe— B3 2 A 41B 7 - § WAz S E o D& 1]
g Oy IR S s o T EFHE 2 ARL, & (Zhang et al, 2014; Hany
and Mahmound, 2016) « $t** p v p” #FIB > § 2 eF2k+<] n 2 &R F
e e P72 Bk R EIEE 2 ARLg © Zhangeral. (2014) #7iE 3k hE R
- XRDPFNAELRE p o p F AR SR A
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Bkl T R Flledics m> A FEHEY OEEER 7T AN
I 2 &ZEHP (WAedr ¥ pkET) 2 4‘1‘;;_,' Po - %W > BK ZBEL
pe U(pmmrpmax) THE N 2 %f”%rﬂ v B3R %iﬂi/w\ﬁo U(nmln'nmax) o
2. U HEERERZ ppfoon B REF S p fToon AR EE M
B2 X, o0 PE p =X
3. FEHAZERF2Z T P AR AL AN WS ERTF poo
. _ m. X
Po=P=%5m . 9)

4. AIm 25 (3-8) 3% Laney p' F 4IBIZ F 41T

FTEAFEP AR AL - IR L2 om EFREoRFALIRE I TR
Rt EgFI R =R wfi (runlength)- =% p & p’ F
oo Ko B H L Fo ikl n foflAed A4S po9E B ARL 2
o ¥t p #4IBl2 ARL £ 5 ARL-biased 2 #% o fpt 2T » ¢ 4] p\
ARL = ﬁété’—\flﬁ ARL & 5z £ 3 8 - Bl 3 3P & 7 ARL-biased 2 #{42
EAIR o B 3 2 ARL & ey $hs $H82 RET o ol EHIP0 7 A‘ﬁ?»ff“é
005> 22t A= %5 n=250>ARL, =240.23 - B % x ?#J £ 3% ARL-
unbiased 2 #id o QARA 4 & FipF o B ARL (™ ¥ ¢ 4]t ARL;) g [
Fi @ KR ML ARL (% 8 410 ARLg) °

ARL Curve (n=250, p=0.05)

1000 ARL=240.23

100 -
—
1
<

10

1.

0.001 0.050 0.100

Fraction nonconforming
Bl 3 ARL-biased 2 #1422 p ¥ #|B (F4 %k @ A5 5 K2)

B 4 wmp Ay f;. 3+ AARL 4r SDARL 2 if4% o #4305 — mpFf 1 54
K5 F4F 10000 = F % (j = 10000)> 12 3+ ARL e o >SpEg [ #9fc f 2 ?*

A

j

6 53%*@ *”*Fﬁémw@“ﬂd* BB kE AL 10000 &
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Between-practitioner variability
T T RN

A
s N
Phase 1 Phase 1 Phase 1
Dataset 1 Dataset 2 Dataset i
3t %4 CRE S 8
HATHE AL HATHL
RL.
14 RLis
RL;;
RLy, RL;, RL;
RLo4 RL;, RLy
Ry, RLz,
RLj;
RLy; RLy; RL;,
J u J
v v %(_J
ARL, ARL, e ARL,
AN J
Y

shHE A ARL 2 T34 80 - 15 4 AARL
sHE A ARL 2 AR £ - 45 4 SDARL

4. BEaztew

AP LA SR % 0 = Laney p' B IRl Hoxe AEEP BIRT 2
%o i 1 LRSI B op #HIBZ F 41 AARL fr SDARL - #
*~+ ) n 5 250~200 4= 125 pF > H1@ ARL, ~ % 5 24023 ~ 375.39 Av
248.37°d £ ¥ 'JF% o ERY DR I ARk A ik € # ARL
Z RBEL2EF s o - HEFIRZF AR 0 BRIFER T 2k A2l m=20
F] 25 %@ » 4 m=20>SDARL=231.42> 1% ARLy, 2 9633% - =& # &
Zhangetal (2014) z.i2%k $ #k** ] n 5 250~200 4= 125 P> PIFFEL T 2
g wF &3 50002000 {2 1000 e d & 1 TN FFHE D Ak
B 4 > AARL g%ﬁiiﬁﬁ-ﬁ‘ﬁﬂj{ iz » m SDARL ~ gd&id&] °

Furdp 2 Mgk oo v 32 A H 38 Al F 4B (Zhangeral., 2014; Saleh
et al., 2015; Hany and Mahmound, 2016) - & ¥ 4Bl 2 S8 * G334 i
¥ ZBiXAak A 4% & Zhangeral (2014) sripitz & f o

2 1 FFE T 28 p ? +] Bl 2. ? #In AARL 4- SDARL z B 5
n = 250 n =200 n =125
p = 0.05 p = 0.05 p = 0.05
m AARL SDARL AARL SDARL AARL SDARL
20 360.99 231.42 357.90 242.45 402.16 407.85
50 346.76 168.81 328.17 149.33 316.84 209.30
100 329.87 122.41 327.07 108.89 285.48 143.05

1000 272.95 79.27 363.15 38.05 248.60 5.62
2000 254.17 54.80 368.43 21.01 248.59 5.62
3000 249.03 43.54 369.70 13.75 248.59 5.60
4000 243.51 26.99 370.33 8.36 248.59 5.57
5000 241.93 19.12 370.34 8.34 248.58 5.66
6000 241.57 16.82 370.31 8.36 248.59 5.57
8000 240.65 8.97 370.32 8.34 248.58 5.61

10000 240.43 5.43 370.38 8.40 248.56 5.56
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BEOAPHENFAET ERIEFERITHE  H p FHIRTE S
PR BRI AR 2L RELBERZPI AT NEE - L FRBERE
B ERF2Z T AT L ERFLEHLHBENR 2 2 LR EK
= H 3 oop EHIB2Z A4 M AARL {r SDARL - ¢ § %% B XK
p~U(0.025, 0075)’7“*'7—1&13&:3 005 4ok % fifgitens $H A} n 3
250 200 = 125 pr> H32 % ARL, » % 5 24023 37539 v 24837 d £ 7
S, @i p HAIRZ S48 AARL B2 F sl > TR Y 3 REBEL p
BAIBIZ A o #t 2 Flo BRAFTE S o FHRAS] n AAF o BRIH
0 “g%{: MOARL 2 AR S o W WA ERF LW R ARRE L P
E i‘%%“ P ”E”rF Bl ARL, 2 "% MtgR4% =< o

% 3 ZEARSEL B FAIBZ E 410 AARL - SDARL o ' &
2244 32 (A-C) Z BB APT UFR bdikz n fop 27 @
* p FAHIBRER T OUEBEHIPN ARL ERA | B Y - 26 0% n iR
~Eop FAIBZEAIAY AT LRG3 S ARLy S o ¥ - PG
PEART SR I NBACHF 7 i?‘ AR p EHIRE A € E IR 2
ARLy, & o v f £ 2 fr& 3 (D)’F&Bx“’viﬁ PR g o F n i 100
p~U(0.005,0.015) » fnfvw:ufagw 0.01 1% ARL, A %% 54.42

BEL 244 3 2 (B)-(F) v ghiyg nxp % Fop g HIH p’
R Rk R T B

h

o

I

%02 fAeHc: B3® o p# 4IM2 # 410 AARL f SDARL

(A) n =250 (B) n =200 (C) n=125 (D) n=100
p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.005,0.015)
m AARL SDARL AARL SDARL AARL SDARL AARL SDARL
20 33.67 12.90 46.64 22.54 91.38 79.89 131.73 169.38
50 34.52 10.71 45.51 15.30 73.38 38.91 112.41 93.40
100 33.95 8.12 45.34 11.38 69.05 27.19 112.34 73.51

1000 31.62 5.23 49.17 6.10 62.07 3.09 10581 72.75
2000 30.58 4.55 50.55 3.80 61.94 1.39 99.30 71.52
3000 29.70 3.62 50.99 2.45 61.94 1.37 97.95 71.18
4000 29.41 3.19 51.11 1.95 61.94 1.41 95.89 70.57
5000 29.14 2.67 51.20 1.48 61.94 1.41 92.72 69.61
6000 28.99 2.35 51.23 1.34 61.95 1.39 90.40 68.71
8000 28.73 1.59 51.25 1.19 61.96 1.40 87.91 67.74
10000 28.67 1.27 51.27 1.15 61.93 1.42 82.79 65.43
(A) n =250 (B) n =200 (C) n=125 (D) n=100

p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.005,0.015)

m  AARL SDARL AARL SDARL AARL SDARL AARL SDARL
20 3367 1290 4664 2254 9138  79.89 13173  169.38
50 3452 1071 4551 1530 7338 3891 11241  93.40

100 33.95 8.12 45.34 11.38 69.05 27.19 112.34 73.51
1000 31.62 5.23 49.17 6.10 62.07 3.09 105.81 72.75
2000 30.58 4.55 50.55 3.80 61.94 1.39 99.30 71.52
3000 29.70 3.62 50.99 2.45 61.94 1.37 97.95 71.18
4000 2941 3.19 51.11 1.95 61.94 1.41 95.89 70.57
5000 29.14 2.67 51.20 1.48 61.94 1.41 92.72 69.61
6000 28.99 2.35 51.23 1.34 61.95 1.39 90.40 68.71
8000 28.73 1.59 51.25 1.19 61.96 1.40 87.91 67.74

10000  28.67 1.27 51.27 1.15 61.93 1.42 82.79 65.43
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303 sl B o p 412 F 410 AARL f- SDARL
(A) n =250 (B) n =200 (C) n=125 (D) n =100

p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.025,0.075) p~U(0.005,0.015)
m AARL SDARL AARL SDARL AARL SDARL AARL SDARL
20 1853.70 342291 1475.78 3045.81 389.66 441.29 188.20 290.36
50 961.91 1781.33 791.63 1558.81 352.03 360.56 116.84 149.74
100 646.98 910.73 489.06 497.36 291.80 253.45 95.49 75.32
1000 426.06 143.20 337.10 112.86 236.45 65.04 64.91 52.37
2000 412.41 97.81 316.25 84.39 246.00 43.70 52.65 36.58
3000 407.16 70.31 306.08 65.53 251.60 34.74 47.94 26.80
4000 404.45 53.06 302.74 58.48 255.35 27.28 45.25 18.29
5000 403.49 39.08 297.54 46.16 257.28 22.42 43.65 10.36

6000 402.39 25.48 292.80 31.42 258.11 19.84 43.44 8.60
8000 402.11 17.69 291.57 26.02 260.17 10.92 43.08 4.78
10000 401.84 13.61 290.66 20.54 259.77 13.31 43.05 4.76
% 3(4)
(E) n = 2000 (F) n=1250

p~U(0.0025,0.0075) p~U(0.0025,0.0075)

m  AARL  SDARL  AARL  SDARL
201663.76 4402.78 1059.80 3210.86

50 700.50 1758.06  393.37  762.03

100 417.23 43327  273.09  259.45
1000 295.15 94.48  205.18 52.47
2000 283.14 83.92  207.60 21.51
3000 276.63 79.06  209.34 11.61

4000 269.09 73.59 209.73 9.63

5000 263.94 69.29 210.09 7.55

6000 257.94 62.77 210.25 6.29

8000 255.46 59.62 210.34 5.27

10000 251.07 53.40 210.39 4.77
5. 13

Laney p' ¢ #1B A~ AT A 410 > 7 * wWeL § ERICE L
FACF R 2 i e A I S 2 $F3 Laney p’ F IR 0 &Sl
Bz T o= d ARLy 2 KRB ke AT 17 ARL z T i5#c (AARL)
fei 2t £ (SDARL)’:*% Laney p' ##IBlZ Brx- Ay =57 Eqh %7 -
oy # R oLaneyp’ B AIBIFER 7 0t MF LB RATH Arid S 0] T 45 R Ao
R4 T RBERETOFHR L E Y N HFH e BAPL T AT ISR
T RiEiTe ¥- o AT REREEAIM ARLy 0 A kA3 ¥R Laney p' E 4
Bz ARL; H2c- A k34 v R Ae2 B €A% ] n 28%Fp
Lt ERF R AR S FHL S n frp 2E AL
E e/ s I
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Abstract

Laney p' control chart is a new type of attribute control chart, which can be applied
to the situation where the process has overdispersion or underdispersion. By means of
simulation, this study explores the ability of Laney p' control chart to detect process
variation when the parameters are estimated. This study evaluates the performance of
Laney p' control chart using the mean(AARL) and standard deviation (SDARL) of the
average run length (ARL). The research results can provide useful information for the
practitioners.

Keywords: Laney p' control chart, overdispersion, underdispersion, average run length.


mailto:ieccheng@saturn.yzu.edu.tw

U ESF AR LERALE 2] / Fley S 5d - PRA RS
31

WA FSFEFAREERREE27]
Plaedf 1y T1ew 2 R R 2 Y

LR 2 B fr e < B A4 B LR g
2uEE 0 P4 4 T RRT R
SW > B j‘@'gﬂ;% L B LA ‘;t’ﬁ‘f'ééksﬁlﬂljgizf%ﬁﬁii
AL R AEAE A F R T P e A 3 s welin@mail tumt.edu.tw

Jofp 12023 # 1% 15 p ; EiVdEs 12023 &2 0 26 ¢

&

A RE R R R Wéi&@ﬁg%_ﬂ>€1&%&ﬁ’éi&
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f@mp ﬂ?7%k%§%ﬁf FEAR AR ERL L AR A HEE LR
ﬁﬁof%%ﬁ’ﬂm;m?% ARTR LA RBG > HER PR L

(D) EFERE(2) #Fyd @)%mJ\&wiﬁﬂJ\%%%
@ (4> RARA T &R ~(5) ESE » 3 FRTARR IR Y 2L &3

ARVAEEEe R FHELER -
LR SR SR ﬁw%‘wﬁ‘ﬁ

1 %

BORMEGLED T EMEAS R 0 LM SRR I IR
3ﬁ‘&%%F»w‘?fﬁiiﬁwf%ﬁtﬁﬁ’ﬂmﬁ TRE2 R
EABBRAF P OBE) B RALEL A SRE R R e
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z H
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F (B {7 > 2004) - Schuler ¥ MacMillan (1984) a3 58 244 4 FiR

%ﬂﬁﬁ GERR LR Dl T N R B L ESCR g A X A

2 it (Competency ) ip B A AR g ST TR R A gtk G Fl kM
14 vom BV Ed - R4 2 §FE (Spencer & Spencer, 1993) - Lawler#?
Mcdermot (2003);‘.&;% L7 KR U TR M - R A R

B AR SERFER Y BRI (T E & &5 A Swelns

2010) ~J!lg ;(\‘ £ -t Z‘ﬁt%/ikq’r%?\ﬁﬁff&m& 4 F‘. /El/‘éi"‘l ’ ?J’%}j:f_%‘;;;
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SATER AT Py o

SR RAed A4 MG AT 2 BE RASFTU e AkEL A4 T
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FER AP RSAR FRFIRFRRTL ST AR AL ERL LB
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Boyatzis (1982 ) iﬁ%ﬁ‘h A e I\a#ﬂ ) ﬁ%};;; 2 - BASTE G R A
AR A iE efz%ﬂ*%‘ffjfumiu%ﬂ PR AR A B TEARE F o
(4~ { Foedeh v, 2 S waf:,kaem,}gﬂﬁg@ﬁ;n o

Spencer 22 Spencer (1993) % 2§ @ BB D RLERRE o B
b BEenIn e L@ g Ha (skill) 2o (knowledge) TR CRE R
g 1 SV s (self-concept) ~ 45 (trait) £ & 4% (motive) - 4K 2-1-
ﬁ.}iwh% BAHR eI - ARy X,ﬁﬁﬁq%‘;ﬂl B o ox;ﬂ»{.%z,y)
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Bl 2-1-1 7k L3
F AL KR ¢ Spencer, L. M. & Spencer S. M. (1993). Competence at Work: Models for Superior
Performance, New York: John Wiley & Sons.

rr't;'? -"E’E%F“* Y e

R eRs T AL 4 NiRR o 6 TR IR @ R TR > BT A
FTHOE VTR PR 0 @ oaE 2 FM;@&&M © & % xR4T % (Spencer & Spencer,
1993; Avkiran, 1999; Rifkin et aI 1999; Crawford, 2005; Dainty, et al., 2005;
Graf & Harland, 2005; Shirish, 2005) - e = @ % chS I s Al § &
[ =R W%‘ﬂg mE > 5g ARk 8 (Professionals Competent) -
”F‘:% RN ﬁ R IR ot HirE rﬂﬂﬁr&gb AR P A frrsh 45y

WAL R AR R h% F i (Dew, 1999; Kenett & Albert, 2001; Kenneth

2002 Elshennawy, 2004; Oltesving, 2006) - % %;1“‘ Mag it A R E R
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Abstract

The research adopted questionnaire and the subjects of this research were quality
specialists in three listed companies of basic metal manufacturing industry in
Kaohsiung. After literature review, this study builds a competency model questionnaire
and competency group for quality specialists. Secondly, it applied quantitative method
to test the competency model questionnaire as well as the different personal
demographic background in competency by statistics. The study results showed that the
importance ranking in seven major competency groups were: (1) “quality
consciousness,” (2) “continuous improvement,” (3) ‘“execution,” “relationship
communication capability,” “professional orientation,” (4) “problem-solving &
problem-analysis capability,” (5) “customer orientation.” The other result showed that
there are significant differences in customer orientation affected by different education
background and job position.
Key words: competency model, manufacturing, quality specialists
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Optimization of the Scalp Care Process: A Case Study of SIG
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ABSTRACT

Nowadays, more and more hair salon operators are focusing their service
items on scalp care and maintenance, especially dealing with the problem of hair
loss. This study is mainly to explore the findings of androgenetic alopecia and take
the patients with typical male baldness as the case study, and conduct case
improvement analysis and discussion. Therefore, this study integrates the principles
of hair growth and the causes of androgenetic alopecia, and proposes a side-effect-
free scalp care and hair growth process for androgenetic alopecia patients. Research
results show that this treatment process can allow the pores of the hair transplant to
open normally, so as to extend the life cycle of the hair and increase the chance of
creating new hair. After a 30-month case study in this experiment, the visual effects
of the hair on the top of the head before and after the experiment were compared.
There was a significant improvement, but the increased hair volume has not yet
reached a level sufficient to completely cover the scalp. Therefore, this study will
continue to carry out the nursing process of the case study in the next two years and
track the effect regularly.
Keywords : Scalp treatment, Hair growth, Hair loss, Androgenetic alopecia
(AGA), Hair salon
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ABSTRACT

This study aims to explore how local administrative sectors implement the
choice planning priorities in order to improve local administrative effectiveness. In
addition to using the literature researching method to study administrative planning,
this study also uses decades of observation experience in planning and budgeting at
the central and local levels to examine the reasons why planning budgets are
ineffective. The findings of this germplasmic research are indeed quite heavy
inspections for local administrative sectors, but with deep love and serious
responsibility, if local leaders can deeply understand the administrative functions
and values of planning budgets, they will be able to when the budget is prepared,
the operating method of the planning budget can be implemented. I believe that the
improvement of local administrative effectiveness is just around the corner. This
research is on the implementation of the planning budget in local administration;
especially in the process of developing performance government, government can
actively play the role of planning. Perhaps local performance administration can
become the mainstream of future government.

Keywords : Planning budget, Key performance indicators, Cost-benefit analysis,
Cost-effectiveness analysis, Administrative Planning Act
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