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Abstract: — A new approach for solder detection 
and localization on printed circuit boards is 
presented. The approach combines two directions 
to achieve a solution to the problem: the first 
direction is using a cascade classifier, and the 
second direction is using methods from image 
processing. A solder localization software 
application has been developed. The application 
was generated with the Python programming 
environment using OpenCV tools. The stated 
objective is to develop an algorithm to detect and 
locate solder joints made by the surface mount 
method and to create an effective quality control 
approach. The set task is characterized by 
complexity and uncertainty due to the variability of 
the inspected objects. 
 
Keywords: — cascaded classifier, printed circuit 
board, cluster, OpenCV, AdaBoost. 

I. INTRODUCTION 

Numerous companies carry out industrial 
production of electrical devices that are used in many 
aspects of people's daily lives. Electronics is a building 
block for the successful development of all industries. 
The implementation of circuit solutions is done on 
printed circuit boards. A basic condition for the 
proper functioning of circuit solutions is that the 
active/passive elements involved are correctly 
attached to the solder pads on the PCB. The soldering 
process can be classified according to a number of 
criteria: heating method to reach the soldering 
temperature, type of solder, type of solder pads and 
many others. 
 

The developed method for solder joint localization 
uses as input, camera frames with a resolution of 
640x640 pixels. The frames visualize printed circuit 

boards with surface mounted devices (SMD). To 
perform solder localization, the algorithm determines 
their position on the PCB. The developed approach 
generalizes two directions: machine learning and 
image processing. The combined use of the 
approaches makes it possible for the algorithm to 
enclose regions with solder joints. 
Cascade classifier is part of the broad field of machine 
learning. Cascade classifier is a visual detection 
method characterized by its high speed performance. 
The method has three basic stages. The first stage is 
the generation of an integral image (Integral Image), 
which allows the detection features used to be 
processed quickly. The second stage is the training 
algorithm, AdaBoost, separating the most significant 
features and the most efficient classifier. The third 
stage is the fusion of a set of weak classifiers into a 
generalized cascade. The union of the three features 
achieves fast localization of target regions by 
discarding background regions [8]. In [5], a new set of 
features that can be detected by the cascade classifier 
is presented. Cascade classifier is a widely used 
approach for face detection [3, 7, 1, 6], and its fast 
performance makes it suitable for real-time object 
detection. 
The second direction consists of tools from image 
processing. The method that is used by image 
processing is filtering certain colors from the input 
frame. 
Combining the two approaches, the algorithm 
produces a large set of probabilistically correct 
detections of target regions. The multiple elements on 
different PCBs characterize the problem with 
complexity and uncertainty. The proposed algorithm 
must be able to distinguish the solder-containing 
regions from the rest, therefore clustering is used. 
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II. CASCADE CLASSIFIER 
Cascade classifier is a machine learning algorithm. The 
algorithm requires a set of positive and negative 
training examples. Haar filters are used to extract 
features from the positive training set (containing 
solders) and negative training set (without solders). 
The filters are convolution matrices that traverse the 
input image, and the matrices are sized and shaped 
differently, additionally the orientation has many 
possibilities. The values of the elements in the 
convolution matrices also determine the types of 
features to be extracted. 
 

 
 

Fig.1. Haar convolution matrix types [8] 
 

Each extracted feature is the result of processing the 
values from the convolutional filter matrices and the 
pixel values from an area spanned by the filter 
matrices. The multiple types of Haar matrices allow 
the extraction of data for different image features: 
edges, straight lines, diagonal lines. These features 
are used for image identification. The fast processing 
of the feature set is made possible by the 
intermediate representation of the input image, the 
integral image. Each pixel of the integral image is 
represented as the sum of its neighboring pixels in the 
left direction and the top direction, relative to the 
original position. In the following figure, the current 
pixel of the input image is colored in dark green with 
coordinates (4, 5). All pixels of the input image, 
located above and to the left of the current one, are 
in light green. The sum of the values from adjacent 
pixels is represented as a pixel colored gray, in the 
integral image at position (5, 6). Pixel (𝑚𝑚, 𝑛𝑛) in the 
integral image 𝐽𝐽 is a linear combination of 4 others: 

one from the input image and 3 previously computed 
from the integral image. 
 
𝐽𝐽(𝑚𝑚, 𝑛𝑛) = 𝐽𝐽(𝑚𝑚, 𝑛𝑛 − 1) + 𝐽𝐽(𝑚𝑚 − 1, 𝑛𝑛) +
𝐼𝐼(𝑚𝑚 − 1, 𝑛𝑛 − 1) − 𝐽𝐽(𝑚𝑚 − 1, 𝑛𝑛 − 1).    (1) 
 
The following figure shows the involved pixels in the 
integral image calculation. The light green pixels are 
summed and the red pixel is subtracted. 
 

 
 

Fig.2. Input image and integral image [9] 
 

The selection of the most significant features is 
performed by the AdaBoost algorithm, which is part 
of machine learning, used to select the best set of 
features available among their entire number. 
AdaBoost assigns a weight to each training example to 
determine its importance in the training set. A higher 
weight value assigns more importance to the example 
in the training sample. The initialization values of the 
weights are equal, denoted by 𝜔𝜔. 
 

𝜔𝜔 = 1
𝑁𝑁 

𝑁𝑁 - number of examples; 

AdaBoost is a sequential learning method, where 
multiple models are generated in a chained and the 
errors obtained from the previous models are 
corrected in the subsequent ones. This aims to exploit 
the dependency between the individual models 
(classifiers). The weighting factor is attached to each 
example it has a higher value for the misclassified 
examples. The algorithm starts by generating a model 
for the first input from the training set. The next 
model follows the previous one, reducing its errors. 
The models (classifiers) are connected sequentially, 
each correcting the previous one, until a desired 

(2) 
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accuracy is reached or a maximum number of 
consecutive models is reached. 
AdaBoost combines multiple weak classifiers to 
structure a generalized one. Single classifiers are 
unable to correctly classify an object, but by grouping 
a sequence of weak classifiers the accuracy of the 
algorithm increases. AdaBoost uses a tree-like 
structure. The simplest tree structure used by 
AdaBoost has one node and two branches. Single 
tree-like structures form the weak classifiers. The 
influence of each composite classifier is calculated by 
a formula: 
 

𝛼𝛼 = 1
2 𝑙𝑙𝑙𝑙 (1−𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇    (3) 
 
𝛼𝛼 − influence of each tree classifier in the cascade 
classifier; 
TotalError - number of misclassifications divided by 
the total number of training examples. 
 

When the output of a tree structure is without 
misclassifications, the value for α is positive. When 
the number of wrong and correct classifications is 
equal, the value for α is 0. When the tree-like 
structure has only misclassifications as output, then 
its influence will be evaluated with a negative value. 
The formula is used to change the initialization values 
for the weights: 
 

𝜔𝜔𝑖𝑖 = 𝜔𝜔𝑖𝑖−1𝑒𝑒±𝛼𝛼. 
 
When α is positive, the output and reference values 
are equal, the input example is correctly classified. In 
this case, the value of the weights decreases with 
respect to the previous one. The weight value of each 
classifier α is negative when the output is different 
from the reference. In this case, the weight 𝜔𝜔𝑖𝑖 
increases relative to 𝜔𝜔𝑖𝑖−1. 

IV. MEAN SHIFT CLUSTERING (MSC) 

To apply the clustering algorithm (MSC), there must 
be a collected data set presented in an appropriate 
format. The use of a cascade classifier identifies 
potential regions containing target objects - splices. 
Each potential region is described by coordinates in 
the image pixel matrix. The data from the pixel 
coordinates of potential target regions generated 

with the cascade classifier are merged to define final 
target regions. An advantage of the MSC algorithm is 
that it does not need to determine the number of 
clusters among the data values. The adjustable value 
is the width of the weight function, which indirectly 
determines the number of clusters formed from the 
input data. The advantage of the MSC algorithm is 
that it is more flexible than defining a finite number of 
clusters [2].  The concept of MSC is based on the 
iterative application of a weight function to each 
input data point. The data covered under the 
weighting function is moved in the direction of the 
central value of the function.  
The weight function that is used in MSC is the 
Gaussian function: 
 

𝐾𝐾(𝑢𝑢) = 𝑒𝑒− 𝑢𝑢2
2𝜎𝜎2 

 

𝑓𝑓𝐾𝐾(𝑢𝑢) = 1
𝑙𝑙ℎ𝑑𝑑 ∑ 𝐾𝐾 (𝑢𝑢 − 𝑢𝑢𝑖𝑖

ℎ )
𝑛𝑛

𝑖𝑖=1
 

𝑢𝑢𝑖𝑖  – dataset; 
𝑑𝑑 – size; 
𝐾𝐾 – weight function; 
ℎ - width of weight function. 

V. BASICS OF THE APPROACH 

The proposed approach is implemented in the Python 
programming environment. The cascade classification 
algorithm uses a set of frames that contain different 
representations of a target object. The target regions 
in these frames differ in pixel values, size. In addition 
to the data containing target regions, we need frames 
without target objects, these examples contain 
background elements from the working environment 
that should not be recognized as target objects. The 
cascade learning algorithm uses an annotation file 
generated by the free application opencv_annotation. 
Running the annotation application opens a window 
with an image of a training example, with a sequence 
of operations. Annotation regions (ground truth 
regions) are defined for each example. Each 
annotation region is written to a text file. The file is 
divided into lines, each line with a separate image, 
and the lines contain an absolute address to an image, 
the number of annotation regions, and the 
coordinates of the annotation regions (x, y, width, 
height). 

(4) 

(5) 

(6) 
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Fig.3. Annotation regions 
 

Two approaches are possible to generate negative 
regions, but both involve generating negative 
examples in the classifier environment. The first 
approach collects data from a camera positioned to 
cover the operating environment without capturing 
target objects in its frames. The second approach uses 
the collected frames without distinguishing the 
presence or absence of target objects [4]. The second 
approach was used in the algorithm development. In 
it, the collected frames undergo additional 
processing, and the regions containing target objects, 
pixels are set black. The set of negative examples is 
entered into a text file, the file has a corresponding 
line for each negative image. The lines contain only 
the absolute addresses to each negative image. The 
full number of negative examples for the 
development is 3192, the same as the number of 
positive images. A helper application was developed 
to generate the negative images, populate the 
corresponding text file and save the required data 
(Fig. 4). 

The training of cascade classifier demands*.vec 
extensioned file. The utility named 
opencv_createsamples can be used for examining 
samples stored in positive sample file. For 
training*.vec files with positive samples are 
generated. The utility opencv_createsamples  is the 
only one way to create a vector file of positive 
samples, provided by OpenCV. 

 
 

Fig.4. Negative image 
 

The next step is the training of classifier. The 
utility opencv_traincascade can be used to train a 
cascade classifier. А training process is shown on Fig. 
5. 
 

  

Fig.5. Training process  

The duration of each stage depends on the number of 
positive and negative examples. The training of each 
stage will finish when it reaches a predefined constant 
called falseAlarmRate (FA). The false alarm rate in the 
input cascade parameters is the percentage of 
allowed false positives predictions that the classifier 
can make in each stage during training. The 
parameter hitRate (HR) is a normalized value of 
correctly classified positive samples. The acceptance 
Ratio value is a good indicator of the accuracy of the 
detector. Ideally, it should be in the range 0.0005–
0.0004. If it is less than 4.00e-05, it signifies that the 
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classifier is overtrained (overfitted) and will not detect 
the objects correctly. In this case, we will have to 
reduce the number of stages you set and increase the 
number of learning samples. Input parameter of 
opencv_traincascade is the smallest window that 
cascade can detect. After the opencv_ 
traincascade application has finished its work, the 
trained cascade will be saved in cascade.xml file in the 
folder, which was passed as data parameter.  
The cascade classifier is not rotation invariant. We 
have to use positive samples where the object is in an 
upright or canonical orientation. During the testing 
stage, the cascade classifier will only detect an object, 
if it appears in canonical position, in which it was 
trained. 
The developer needs to import*.xml file into the 
Python program, defining the absolute path to the file 
– cv2.CascadeClassifier(filePath). OpenCV reads the 
RGB image, it stores the image in BGR (Blue, Green, 
Red) channel. For the purposes of image recognition, 
we need to convert this BGR channel to gray channel. 
The gray channel is easy to process and is 
computationally less intensive as it contains only  
1-channel of black-white. We use 
cv2.CascadeClassifier.detectMultiScale(image[,scaleFa
ctor[, minNeighbours[, flags[, minSize[, maxSize]]]]])) 
to localize defined objects. The function calculates 
coordinates of the regions. The parameter image, 
contains an image where objects are detected. The 
parameter minNeighbors specifies how many 
neighbors each candidate rectangle should have to 
retain it. Increasing this parameter the algorithm 
eliminates false positives, however, increasing it the 
algorithm loses true positives too (Fig.6).  
 

  

Fig.6. Cascade classifier output regions 

The algorithm uses mean-shift clustering to group 
candidate positive regions. The clustering approach 
will eliminate many of false positive regions (Fig. 7). 
 

  
 

Fig. 7. Mean-shift cauterization  
 
The developed algorithm combines machine learning 
approach and typical image processing approaches. 
Using the provided by OpenCV tools we filters the 
input images. Developed filters separate the solders 
from the rest of the image. Solder regions are 
represented by white pixels in binary image (Fig. 8). 
 

  
 

Fig. 8. Image processing binary image. 
 

OpenCV allows to encircle white regions with border. 
The border is determined using some restrictive 
conditions about area and ratio between width and 
height. Fig. 9 shows the encircled white regions. 
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Fig. 9. Image processing regions. 
 

Combining cascade classifier and image processing 
the algorithm is able to localize surface-mounted 
solders (Fig. 10). 
 

  
 

Fig. 10. Output image. 
 

VI. EXPERIMENTAL VALIDATION 
The proposed algorithm for detection of surface 
mounted solders is tested in laboratory conditions. 
The input image is presented by camera with 
resolution 640x640 pixels. 
The chosen validation method is mean average 
precision (mAP). It is popular metric used to 
measure the performance of algorithms doing 
retrieval and object detection tasks. The output 

value of mAP quantifies how good the developed 
model is at performing. The metric approach uses 
some basic concepts: IoU (Intersection over union), 
precision and recall. The precision measured the 
accuracy of the prediction, the percentage 
of correct predictions.  
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃+𝐹𝐹𝐹𝐹𝐹𝐹𝑃𝑃𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃.    (7) 

 
Recall measured how good the algorithm finds all 
positive regions. 
 
𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅 =  𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃+𝐹𝐹𝐹𝐹𝐹𝐹𝑃𝑃𝑇𝑇 𝑁𝑁𝑇𝑇𝑁𝑁𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑇𝑇𝑃𝑃. 
 

IoU measures the overlap between two regions. mAP 
algorithm uses that to measure how much the 
predicted region overlaps the ground truth area. 

𝐼𝐼𝑃𝑃𝐼𝐼 =  𝐴𝐴𝑃𝑃𝑃𝑃𝑅𝑅 𝑃𝑃𝑜𝑜 𝑂𝑂𝑂𝑂𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑂𝑂
𝐴𝐴𝑃𝑃𝑃𝑃𝑅𝑅 𝑃𝑃𝑜𝑜 𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃  . 

The general definition for mean average precision is 
finding the area under precision-recall curve. 
The validation uses 10 frames provided by camera. 
The sum of solders is 139. Mean average value is 
0.6845. Fig. 11 shows the recall-precision curve. 
 

 
 

Fig.11. Recall-precision curve. 
 

VII. CONCLUSION 
A computationally efficient approach for detection of 
surface mounted solders is proposed using RGB 

(8) 

(9) 
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camera, machine learning algorithms and image 
processing algorithms. Furthermore, a situations in 
which the solders are with small area and unusual 
shapes should also be consider. Regarding the 
specifics of the approaches, that the algorithm is 
based on, the objective area could be positioned 
properly. More advanced solutions could be achieved 
by YOLO algorithms, SSD and R-CNN.  
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