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ABSTRACT 
Object detection is a computer processing technique that uses AI to detect specific objects in digital images 
and videos. Techniques for the detection and recognition of objects have experienced continuous 
development over recent years, as their application and benefits are so very obvious. Whether they are 
involved in driving cars, environmental surveillance and security, assistive living for people with different 
disabilities, advanced robotic surgery, recognition of any types of objects (traffic signs, cars, people, fruits 
and vegetables, any kind of specific components, etc.). These techniques have become indispensable in 
research, development, and supervising the environment and such specific products.  This paper proposes 
innovative methods for object recognition using advanced CAD tools (CAX), when the personalized database 
contains not images of objects, but CAD models of them, including evaluating the positioning of target 
objects in 3D space, obtaining position information based on advanced labeling information stored in the 
database, and assessing distances with these tools. 
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INTRODUCTION 
Object detection is even a new science today. The 
object detection techniques were developed in a few 
specific directions: 
 Detection of objects and classification; 
 Assessment of objects' pose and orientation; 
 Assessment of object size and measurements of 

distances; 
 Some particular object properties – color, growing 

stage, degradation stage, health monitoring by 
detection and evaluation of human skin spots, etc.; 

 Tracking of movement in digitally recorded videos. 
 
That’s why object detection techniques have begun 
to appear massively in practice, especially used in 
complex assemblies like robots, surgery robots, self-
driving cars, surveillance UAVs, etc. Almost all these 
applications use special techniques based on pre-
saved dataset information. These databases must 
contain enough images of the object of study, from 
various positions, at various stages of development 
(in the case of fruits, vegetables, and systems that are 
assembled on production lines), with various specific 
coloring modes, etc. 
 
The last CAD applications increase, to a great extent, 
the productivity of engineers or for academic study, 
and researchers [1]. But the development of virtual 
CAD models alongside experimental model control 
applications led to the emergence of applications 
that could manage both models simultaneously. 
Thus, the idea of digital twin applications was born 
and developed as a very useful tool [2]. 
 

The development of research IT applications has 
reached the point where many decisions are made 
internally by programs, without direct human 
intervention.  
 
These techniques were developed with the help of a 
computer system to perform tasks typically similar 
to human intelligence, such as the way is interpreting 
images and vision, learning, reasoning, making 
decisions, problem-solving, and estimating the best 
next steps. That’s why many of these applications are 
now called artificial intelligence technologies. The 
use of AI proves to be of real use in the faster 
selection, evaluation, and optimization of data types 
through the neural network methods specific to 
these artificial intelligence methods [3]. 
 

CURRENT STATE 
Object detection is the very foundation of 
computer vision research, and involves identifying 
objects in images or videos and determining the 
position of these objects in those images using 
patterns to mark the areas they fall into. Object 
detection has become widely used in computer 
vision tasks, such as for image annotation [4], type 
vehicle detection and counting [5], activity 
recognition [6], facial recognition, object tracking, 
and tracking a person in a video [7], and even in the 
medical application domain [8][9]. 

 
Computer vision combined with artificial intelligence 
will transform the way medical diagnoses are made, 
surgeries are performed, prosthetics are implanted, 
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and patients are monitored and diagnosed 
[11][12]. 
 
In most situations, the stored images are still 
obtained randomly, from different databases, 
developed by various people or institutions, 
according to different principles and purposes, 
images taken under various shooting conditions, 
with various lenses and resolutions, etc., which 
makes the task of object detection significantly 
more difficult [13][14][15]. 
 
A separate aspect should also be mentioned here, 
namely, IT methods for object recognition. Since 
the beginning of object detection, the neural 
network methods have proven to be the most 
effective. From classical techniques to 
convolutional ones, with or without special 
segmentation methods, with or without special 
reorientation and scaling methods, etc., many 
researchers are trying to improve these 
techniques [16][22]. 
 
Many researchers have also developed special 
techniques that use multiprocessor functions 
based on the full power of the computer or even the 
outstanding performance in image processing 
using the GPU graphics processor [23]. Some 
researcher improves object detection and image 
interpretation with special techniques for the 
assessment of colors [24][25][26]. Other 
researchers have studied and invented methods 
for evaluating the orientation of objects or 
improving the detection of their orientation 
[27][35]. Some research in the field has also aimed 
at evaluating the sizes of detected objects and the 
distances between different objects [36][37][38]. 
 
All of these methods required a huge amount of 
study, development of IT routines, and testing in 
various situations [39]. Many applications involve 
Digital Twins development [40] and are dedicated 
to a specific domain of activity [41]. Some object 
detection applications have already been 
integrated into mobile phones [42] The evolution 
of mobile phones, predicted by me and Mark 
Zuckerberg, will be glasses with augmented 
reality, internet connectivity, and object detection 
included for VIPs (people with visual 
impairments). 
 

METHODOLOGY 
This section explains some of the methods 
developed during this research, which have 
become very complex over the years. From the 
initial main task of conceiving, designing, 
researching, developing and building a test model 
for a surgical robot, many other research aspects 
have emerged such as those in this paper, because 
such a complex robot has many aspects necessary 
to be studied and all aspects are interconnected, 
from general medical constraints to mechanical, 
practical, computer vision and software 
implementation constraints, and in each research 
chapter it was necessary to develop new specific 
methods. 

CAX technology 
What is CAX? CAX (Computer-Aided Extended) is an 
assembly in IT of various computer-aided 
technologies, a suite of IT tools that utilize 
concurrent engineering to solve multi-objective 
design problems. The old design fashion style in 
design is still a sequential process, but the CAX 
technology is a parallel management process. Figure 
1 shows the GUI (Graphic User Interface) of this 
SOLIDWORKS Add-on for assessment of a virtual 
assembly. A CAX tool is at this moment State-of-Art 
in computer-aided technology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: GUI of SOLIDWORKS-addon for Assembly 
Assessment. 
 
The following examples show a unique 
SOLIDWORKS add-on that extends the capabilities 
of the original program for many types of 
assessments of a complex assembly, including 
control of a real robot, measurements and 
comparisons with a mathematical model, with AI 
techniques implemented inside, etc. In this 
particular paper, this application was used to 
control the CAD model in a specific view orientation, 
extract images shown by SOLIDWORKS, start 
comparisons with the target image or training with 
a Neural Network (NN), and detection with AI. This 
is a classical method for Object Detection.  
 

 
 

FIGURE 2: Complete Diagram of Methodology. 
 

Figure 2 shows the complete diagram of the 
methodology used in this paper. Object detection 
techniques can use two different methods: direct 
comparisons and AI detection.  
 

Object detection based on a custom CAD set  
Classical method in Object Detection is to use a 
dataset with many images of the focused target 
object, train a NN, and apply an AI detection. Custom 
dataset is built based on CAD-Addon to make the
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orientation of the virtual assembly in specific view 
directions. In this paper was used the direction 
definition based on Euler angles orientation all 
around 360 degrees of the CAD assembly, with a 10-
degree step. This means that the custom dataset has 
46656 images. There could exist some additional 
images if we want to save some specific assembly 
views. So, it is not necessary to have various images 
of the real objects. But the dream of any researcher 
working in object detection is to be able to achieve all 
of the previous considerations with as few images as 
possible of the objects being searched. 
 
Object detection using AI and DTs 
Object detection can also be evaluated by direct 
comparison of two images, one image of an object 
stored in a CAD model and the other target image. All 
data is stored temporarily only in computer memory. 
The development of IT applications for object 
detection research in CAD or more advanced CAX-
type applications in applied engineering, and the 
observation of objects according to multiple 
selection criteria, multiple viewing directions, has 
brought enormous benefits to the development of 
this particular engineering science. 
 
Advanced labeling 
Classical Object Detection methods show only the 
class of the object and the confidence value in 
detection. My methods also show additional 
information stored in the dataset together with the 
results and the orientation information obtained 
after detection, which reveal the most probable 2D or 
3D orientation of the object observed in the target 
image. 
 
Reverse engineering in Object Detection 
The Classical Object Detection method has a dataset 
with images stored somewhere on a computer or the 
internet. My methods have stored CAD models of the 
focused objects. But a CAD model is a parametric 
virtual model. So, this tool can also be used to make 
an update and correlation of the CAD model with an 
image of a real object. This is a Reverse Engineering 
methodology that can extend the capabilities of the 
initial method. 
 
CASE STUDIES 
In this section, examples of how this complex DTs 
application was used in Object Detection will be 
presented.  
 
Direct comparisons in DTs application 
For direct comparison, the SSIM criterion was 
used to search for the best fit between images. 
Images obtained from CAX application and CAD 
dataset can be stored temporarily in a local folder 
by the DT application and deleted after detection, 
with only the detection results being retained. So, 
a dataset with many images is not required if we 
want. But, still, CAX application can create a 
complete dataset of CAD viewing positions images 
if we want to have finally also images for a pre-
trained archive to be exported for other AI 
detection applications and for faster detection. 

Figure 3 shows the results of detection based on 
direct comparisons, where obtained a SSIM=0.72 
(Figure3.a) for a simple object. Figure 3.b shows 
the best fit orientation of CAD assembly detected 
by CAX application.  
 

 
 (a) 

 

 
(b) 

 
FIGURE 3: Detection Based Direct Comparison. 

 
It is not necessary to initially store any images on 
your computer for any images-set, only the target 
object. Another example for test is presented in 
Figure 4 to search for a different view angle. 

 

                         (a)                                             (b) 

 
FIGURE 4: Detection Based Direct Comparison. 

 
Object detection using DTs and AI 
AI detection uses a dataset saved by the CAX 
application with images of the CAD model at various 
viewing angles. Object and orientation detection-
based AI training are shown in Figure 5.
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 (a) 

 
 

(b) 
 

FIGURE 5: Detection Based AI Training. 
 

Complex assemblies 
In the next subchapter was tested also a complex 
assembly for the same method using AI. The images 
from dataset were obtained with CAX application.  
 

 
 

(a) 
 

 

 
 

 
 
 
 
 
 
 

(b) 
 

FIGURE 6: Object Detection of Complex Assembly. 
(a) Images Set From CAD-Set. (b) Detection Results 

Using AI. 

With the help of the CAX application, you can also 
obtain the orientation in plan (2D) of objects based on 
CAD models. The Figure 7 shows a such an 
assessment. 
 

 
 

FIGURE 7: Detection of In-Plane Orientation. 
 

This technique was developed based on YOLO11 
detection methods. Since in many AI pre-trained 
databases, images are increased in number by 
rotating, scaling, and cropping 2D views, we also put 
some results in Figure 8 as evidence of detection for 
such photos as well. 
 

 
 

FIGURE 8: Detection of In-Plane Orientation of 
Rotated Images. 

 
Figure 9 shows the detection with orientation in 2D 
and 3D space for a CAD detection. 
 
 

 
 

FIGURE 9: Detection of Orientation  
in 2d and 3d Space. 

 
The detection in the same image from Figure 9, but 
rotated in the plane, is shown in Figure 10.
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FIGURE 10: Detection of Orientation in 2D and 3D 
Space for Rotated Image. 

 
Various detections for other poses of the complex 
assembly can be viewed in Figure 11. Home position 
of the assembly is presented in Figure 11 (a and b) 
with direct comparison and AI detection. Figure 9-c 
shows a rotated view assembly by the Y-axis with 40 
degrees, and Figure 11-d a rotated view assembly by 
20 degrees in Y Y-axis and 30 degrees in Z Z-axis. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

                                                                         

                       (a)                                           (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                        

                      (d)                                          (e) 
 
 

FIGURE 11: Various Assembly Pose and 
Detection Results. 

 

Advantages of using CAX and AI: 
 CAX uses the full performance of the professional 

CAD software (parametric design, smart-
assemblies, parts colorization, cutting sections, 
transparency, animatronics, viewing angles, 
specific colorization, pattern shading, etc.); 

 Once AI model was built, detection takes small 
time. Instead, for the sequential classic method is 
necessary to check entire data-set every time is 
used; 

 ANN provide not only confidence values related 
to comparison in dataset, but also multiple type of 
data implemented in advanced labelling (method 
used, orientation, etc.);  

 Images dataset for AI detection was automatically 
generated by CAX application. 

 
Disadvantages of using AI and Concurrent 
Engineering: 
 Method implemented in CAX are difficult for most 

researchers; 
 CAX methods needed to be developed by users; 
 Are necessary professional skills from multiple 

domains in activity: mathematics, engineering, 
programming, data measurements, CAD, other 
programming languages, etc.; 

 ANN model is not small, in our case was used 
46656 images, but automatically generated by 
the CAX application;  

 
A video presentation with many research results, 
including for computer vision, similar to this paper, 
is also presented in this web link [47]. 
 
The current research also included the development 
of applications for a wide range of concurrent 
engineering functions. The method includes: 
 CAD - CAX type tools; 
 Automatic bounding-box detection and cropping 

image techniques are implemented; 
 Tools for database management and fully 

automatic database construction, 
 AI techniques based on programs such as 

PYTHON or C++ codes, … 
 Tools for storing models and machine learning 

(ML), 
 Tools for training neural models, 
 Tools for object detection and result extraction, 

and... 
 Tools for visualizing results, along with much 

richer information labels than in classic AI 
programs. 

 
Validation of the CAD-dataset can also be done using 
a real image dataset. By reverse engineering from 
real images to CAD-set, and from CAD-set to images 
again, with CAD-addon we can improve research 
evaluation of object detection, classification, 
segmentation, or orientation. 
 
Disadvantages of custom detection methods: 
 The method for object orientation has some 

glitches in detection for images with more than 
one object. Some issues can be solved by 
individual detection and research;
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CAX and AI can also be used in the assessment of 
measurement for distances, with many successes 
then current methods because CAD assemblies have 
very known dimensions. These applications will be 
presented in a future paper. 
 
Interest in Future Research: 
 Implement 3D detection for videos (images in 

movement); 
 Auto-adaptive tool for Object Detection;  
 Test similarity also for other criteria; 
 Applications for Manufacturing Line; 
 Detection in images with more objects; 
 Still needed research for the correlation between 

2D and 3D orientation, because each method is 
based on different techniques.  

 
CONCLUSIONS 
The keys to success are the concurrent engineering 
applications. 
 
Few global conclusions: 
 All method presented here shows good result. 

Most of them are innovative methods; 
 Because of symmetry of some assemblies, some 

viewing directions are obviously redundant. For 
complex assemblies, this issue doesn’t exist; 

 Computer-aided mechanical design with extended 
capabilities (CAX) will evolve in general, to new 
levels for integration of many tools;  

 Using CAD and IT applications to their maximum 
capabilities can help enormously in solving many 
problems in mechanics, kinematics, or more 
efficiently any kind of scientific research; 

 Artificial intelligence detection offers increased 
confidence over the direct detection method; 

 AI is a research tool and an opportunity for 
humanity if we are going to use it in a proper 
manner. 

 
Such a combination between a DTs, a complex CAX 
tool with many extensions, and the real model is a 
complex AI-agent and will be an important step in 
development under Industry-5.0 requirements.  
 
For me, Industry 5.0 is already here, in everything I 
study: 
 Research + Concept + Engineering + Evaluations 

+ Optimizations + Recycling + Sustainability; 
 Advanced materials and meta-materials; 
 Advanced competitive engineering applications, 

CAX technology, AI, intelligent optimization 
methods; 

 Updating and correlation of mathematical 
models with the experimental model; 

 Connectivity with all subjects, advanced CAD 
models, and intelligent production systems; 

 Animatronics, etc. 
 
The technological leap Industry 5.0 will bring many 
changes in the way we do research, production, 
including Education.  It will completely change the 
way we learn, approach education, understand 
complex phenomena, present results, discover new 
valences and methods, etc. 

The complete task of this research was developed 
based on SOLIDWORKS Educational, PYTHON 
software, MATLAB software, YOLO tool, other 
internet resources [43][45], and user-defined 
programming routines [46]. 
 
This paper presents only the important aspects of 
our research, with very valuable information related 
to how can use a DT with superpowers for Object 
Detection.  It is obvious that creativity will partially 
shift from human abilities to those of computing 
machines. 
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