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Abstract

Grading engineering drawings takes a significant amount of an instructor’s time, espe-

cially in large classrooms. In many cases, teaching assistants help with grading, adding

levels of inconsistency and unfairness. To help in grading automation of CAD drawings,

this paper introduces a novel tool that can completely automate the grading process

after students submit their work. The introduced tool, called Virtual Teaching Assistant

(ViTA), is a CAD-tool-independent platform that can work with exported drawings

originating from different CAD software having different export settings. Using com-

puter vision techniques applied to exported images of the drawings, ViTA can not only

recognize whether or not a two-dimensional (2D) drawing is correct, but also offers

the detection of many important orthographic and sectional view mistakes such as

mistakes in structural features, outline, hatching, orientation, scale, line thickness,

colors, and views. We show ViTA’s accuracy and its relevance in the automated grading

of 2D CAD drawings by evaluating it using 500 student drawings created with three

different CAD software.
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Introduction

The number of assignments to be graded increases with the number of students.

This makes the manual CAD grading process time consuming, resulting in delayed

feedback to students. Motivated to overcome these drawbacks and enhance stu-

dents’ learning experience, we develop a tool for automated grading of 2D engi-

neering drawings. We call this tool the Virtual Teaching Assistant, or ViTA in

short. ViTA helps reducing grading time of 2D CAD drawings by introducing a

set of tools that the grader can use. Depending on their grading rubric, the grader

can use some or all of ViTA’s features and assign appropriate grading criteria to

the correct/incorrect drawing features. ViTA can detect whether or not a drawing

is correct, and it can currently detect mistakes in its structural features, outline,

hatching, orientation, scale, line thickness, colors, and views.
A key feature of ViTA – differentiating itself from the existing tools – is that it is

completely independent of the CAD software used by the students (and the

instructor) to create the drawing. ViTA can work with drawings originating

from multiple CAD tools with different export settings. It achieves that through

the use of a computer-vision-based analysis of the drawings. This feature gives the

students the freedom of choosing to work with a CAD software that they are

already familiar with, without the need to learn how to use a specific CAD soft-

ware associated with the course.
In addition to saving significant grading time and eliminating the possibility of

human error related to the manual grading of drawings, ViTA could potentially be

embedded in various online learning management systems for CAD courses – in

engineering graphics, architecture, etc. – for automatic grading. It can also be used

to give feedback to the students on their drawings and the nature of the feedback

can be determined by the instructor.
The remainder of this paper is organized as follows. The Background Section

presents a background for this work. The Virtual Teaching Assistant Section dis-

cusses ViTA in detail. ViTA is then evaluated in the Evaluation Section. The

Conclusion and Future Work Section concludes this work and presents directions

for future work.

Background

Various computer programs have been developed to compare technical drawings

and highlight the differences between two drawings. The following summarizes the

most relevant ones and presents their shortcomings.
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Autodesk, the company behind some of the most popular CAD tools, has a

plug-in called “Drawing Compare” for AutoCAD Architecture that compares two

drawings.1 It was developed using Application Program Interface (API) program-

ming. The plug-in works, in simple terms, as if a drawing on a tracing paper is

placed on the original or correct drawing and these two drawings are then com-

pared. The differences in the two drawings are then highlighted using different

colors and labels. Among the first to propose using the API system were Guerci

and Baxter, who outlined a method by which instructors could compare a student-

submitted work to a reference document using the API data in SolidWorks Visual

Basic.2 An example of the original drawings to compare is shown in Figure 1 and

the resulting comparison is shown in Figure 2. The Drawing Compare plug-in,

although useful in comparing drawings, has some disadvantages. The plug-in

shows the differences between two drawings temporarily, and the comparison

Figure 1. Drawings to compare.
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results cannot be saved. Furthermore, the plug-in can only be used for drawings

having the same scale; it does not work for drawings with variable scale and dif-

ferent orientations. It could also conclude that a whole drawing is wrong even if it

only has one small mistake. In addition, this plug-in is only available for

AutoCAD files.
To highlight the difference between the submission and the grading, we sum-

marize in Table 1 other CAD tools with similar comparison features. A majority of

these cannot account for differences in scale, rotations, and translations. However,

PTC Creo View can be aligned by a reference point, which serves to account for

some differences, but must be done manually.
Table 1 depicts four software that have the built-in ability to compare drawing

and 3D models. Each of the software listed above simply overlays one design with

a second reference design and determines what the differences are. In the case of

Adobe Acrobat, it compares the two drawings pixel by pixel, which must be in

PDF format, and outputs a document that highlights the differences between the

two documents. While commonly used for comparing drafts of a document, if can

be used to compare a student’s drawings to an assessment reference. The limita-

tions of using Adobe Acrobat are that only one student can be compared to the

reference at a time, and the software cannot account for slight variations due to

rotations, translations, or differences of scale.3 SOLIDWORKS, Siemens, and

PTC also offer the ability to compare both drawing and 3D models within their

software. SOLIDWORKS and NX 11 (Siemens) function similarly to Adobe in

that they compare two drawings and highlight the differences, albeit on one com-

bined sheet to better see the differences. Similarly, each can import files from other

software, which allows to better account for formatting issues. However, like

Adobe Acrobat, they can only compare one document at a time and cannot

account for differences of rotation, translation or scale.4,5 Lastly, PTC Creo

View compares drawings, highlighting a combined drawing much like

SOLIDWORKS with additional and missing feature. What sets PTC Creo View

Figure 2. Resulting comparison.
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apart is that, within the software, files can be altered to set a common reference
point, accounting for differences in rotation and translation. However, this soft-
ware is more limited in the fie types that it can accommodate.6,7 While a plethora
of CAD software contain the architecture to compare drawings, such as those
needed for grading, none of these programs have an automated way to grade
multiple students, an inherent way to account for differences in scale, or a
method to integrate a rubric.

Among the most limited of the graded tools created by researchers and faculty
to grade student multi-view engineering drawings, Di Beneditto and Webster’s
CADcompare “functions similarly to a majority of the tools listed above. It
breaks down the drawing into pixels at 300 dpi and overlays the differences on
top of the original student version. The software then compare every drawing
within a ZIP file to the reference document, creating a new folder with the overlap
and results.8 However, this method is limited in a variety of ways. CADcompare”
cannot account for differences in translation, rotations, or scale, much like the
features integrated into the various CAD tools. The software also has no method
by which to grade the student’s work, as it only highlight differences between the
two drawings. As this work can only compare PDF files, it offers a potential
solution to students utilizing multiple CAD tools, but any formatting differences
across the systems would have to be accounted for, which is not possible in it’s
current state.

Kwon and McMains developed an automatic grading system for multi-view
engineering drawings. They built the application using the random sample consen-
sus (RANSAC) algorithm, estimating the affine transformations between the two
individual drawings.9 RANSAC is an algorithm used to estimate parameters of a
mathematical model from a set of data containing outliers.10 In their work, the
submitted file is compared to the solution file by performing various two-
dimensional operations on the submitted drawings. These transformations include
projecting the drawing on the x-y plane, scaling, and/or rotating the drawing. The
transformations are performed until the given drawing matches the source draw-
ing. These transformations are then highlighted using different colors. Students’
DWG or DXF drawing files from AutoCAD are uploaded into the software using
Matlab and are compared to the solution’s drawing file. An example of the Kwon’s
and McMains’ work is shown in Figure 3. Note that this software is only compat-
ible with AutoCAD-generated files and only works for 3D drawing having three
views which are front, top, and right. Furthermore, it can only detect some trans-
lation, scale, and offset errors when they are consistent in all views. Other flaws of
the software include: the long duration taken by RANSAC to compare every
drawing to the original, especially when there are many mistakes in the drawing
to be graded; the software not providing a concrete grade; the accuracy of the
software is not provided since it is only tested with two examples; and the fact that
the software considers a slight error to have the same effect on the grade as a major
one, e.g., a line that is slightly shifted from where it should be – could be due to
RANSAC processing performed by the algorithm itself – would result in double
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the amount of errors than if the line did not exist at all (i.e., incorrect errors plus

missing errors, instead of just a “slightly maybe incorrect” error).
One of the basic approaches for developing an automated drawing grading

software has been converting the drawing into a code and comparing the code
parameters to calculate the differences and errors. Goh, Shukri, and Manao used
that approach to propose a grading software.11 The software converts the DXF
files into Scalable Vector Graphics (SVG) format. The software then applies the
developed marking algorithm to the SVG format and evaluates the score.

However, their software only showed to perform well on a circle while not showing
any information about its accuracy. It is also not fully automated, which makes it
impractical to use for grading students’ drawings. Additionally, the software does
not provide a concrete grade and does not correlate differences in the drawings to

certain grading rubrics.
Similar work has been realized by Shukur et al, developing a software that

compares DXF files from AutoCAD 2000 and grades them automatically.12 For

AutoCAD, the DXF files are in the ASCII format, which simplifies the extraction
of the geometric and object parameters from the files. Hekman and Gordon used
same approach and developed a software to extract geometric objects from stu-
dents’ AutoCAD DWG files, compare them to a master file, and send the feedback

to the student.13 Bryan’s software, designed for AutoCAD, used an approach
similar to that of Hekman and Gordon. By extracting information of geometric
objects from a DXF file in the ASCII format, the software could be compared to a
master file, and give formative feedback to students. However, a glaring weakness

Figure 3. An example of Kwon’s and McMains’ algorithm in action. The two compared drawings
are shown on top and the result is shown in the bottom.9
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of this approach is that all drawings must have the same reference point, as it
cannot account for differences of rotation, translation, or scale. This results in one
small error leading to systematic differences in the two drawings, and significantly
lower grade than a human grader might give.14 San Diego University has devel-
oped a proprietary web-based application for automatic grading of drawings for
Civil Engineering students.15,16 They used group codes from the DXF files in
AutoCAD to compare the technical drawings. All the above tools suffer from
similar shortcomings to the ones mentioned earlier. In addition to these shortcom-
ing, most existing work in automatic grading of 2D drawings has been concen-
trated on a particular CAD software and file format.

In this work, we create an automatic grading tool, ViTA, which can also act as a
pedagogical tool to enhance the learners’ experience in improving spatial visuali-
zation skills by providing immediate feedback to the student. ViTA is independent
of the CAD tool used to create the drawings. It gives the user the freedom to use a
CAD software of their choice; one that they are already familiar with. For exam-
ple, if a student has Inventor installed on their system, they can use Inventor to
create their CAD drawings; while if another is more familiar with CATIA and only
has access to it, they can use CATIA to create their drawings. ViTA can then grade
both drawings of this example even though they are created using two different
software which might be even different from the one the instructor uses.

Virtual teaching assistant

To help teachers save time grading CAD drawings, ViTA accepts exported images
of a wide range of standard formats – JPG, PNG, BMP, etc. – for the 2D drawings
from any CAD tool. The images go through a series of pre-processing steps before
the drawings are analyzed and useful data is extracted. The main pre-processing
steps consist of the following three steps:

1. Background/foreground normalization
2. Skeletonization
3. Image targeting

After pre-processing the images, several techniques are introduced to extract
useful data that helps comparing two drawings and enables the detection of the
following scenarios:

1. The two drawings are the same
2. The two drawings have different scales
3. The two drawings have different rotations/angles
4. The two drawings have one or more differences in hatching
5. The two drawings have one or more differences in the outline
6. The two drawings have one or more differences in line thicknesses
7. The two drawings have one or more differences in their structural features

8 International Journal of Mechanical Engineering Education 0(0)



8. The two drawings are different views of the same 3D object
9. The two drawings have one or more differences in terms of colors

The above steps and techniques are discussed in detail in the following sections.

Background/foreground normalization

The first step that is realized before processing any image is to have one back-

ground color and one foreground color for all images. This step enables processing

all images in the same manner, no matter which CAD tool they originate from and

how they are exported.
Images are first converted to black and white. Then, the background color is

detected. The background color corresponds to the majority color of the pixels. If

the background color is found to be black, we proceed to the next step. If the

background color is found to be white, the colors of the image are inverted so that

the background is always black and the foreground is always white before pro-

ceeding to the following steps.

Skeletonization

In order to have uniform line thicknesses throughout the drawings, regardless of

the scale and resolution of the image, the drawings in the image are skeletonized.

Skeletonization is the process of transforming all lines into one-pixel-wide lines.

Many skeletonization algorithm exist and each has its own characteristics and

purposes. The skeletonization algorithm used for this work is the Iterative

Thinning Algorithm by Haralick and Shapiro.17

Figure 4 shows the skeletonization operation on a sample drawing.

Image targeting

After the image data is skeletonized, it is time to crop the image for it to only

contain the drawing of interest. This step is realized because later processing

analyzes the data of the whole image. For this analysis to be correct and uniform

Figure 4. An example showing the skeletonization operation. The bottom drawing in the figure
corresponds to the skeletonized image of the top drawing.

Younes and Bairaktarova 9



across drawings, it is required to target the image and crop it so that it only
contains the drawing of interest. The cropping is realized after finding the columns
and rows with the first and last foreground (white) pixel and only keeping what is
inside the obtained bounding box.

Figure 5 shows the targeting operation on a sample drawing.

Hatching recognition

Accurately recognizing the hatching lines and hatching areas enables ViTA to
recognize:

1. the drawings that correctly match,
2. and the drawings that match with respect to the structural features but contain

differences in their hatching.

The following discusses these two features in detail.

Recognizing correct matches

The main feature of ViTA that could save instructors the most significant amount
of time while grading CAD drawings is the ability to tell whether or not a drawing
is totally correct (i.e., a given student drawing matches the correct drawing without
having any mistakes). In the simple case where all drawings are known to originate
from the same CAD tool with specified export settings, a simple subtraction oper-
ation between the two images to be compared could tell us whether or not they
perfectly match – i.e., if the sum of pixel values in the resulting difference image is
zero then there is a match, otherwise there is a mistake. In the case where there is not
a preset CAD tool to use with specific preset settings, things get a little more com-
plicated. Since hatching patterns on the drawing could be different when the draw-
ings are built using different CAD tools or settings (see Figure 6), the hatching lines
need to be first detected and then removed before comparing the drawings.

In order to recognize hatching lines, Hough transform is used to detect the
pixels in the skeletonized images that form 45-degree lines.18 Several Hough trans-
form parameters need to be tuned so that it only detects hatching lines. Among
these parameters, we mention the following important ones:

1. The tolerance/resolution – this need to be kept at a low value since all hatching
lines are lines of exactly 45 degrees.

Figure 5. An example drawing after being cropped/targeted.
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2. The minimum length of a line – after testing with different values, it was con-

cluded that a good value for this is 7. This would guarantee that all the signif-

icant hatching lines are detected while no hatching lines are detected on the

perimeter of a circle or curve (a curve is a sequence of pixels where some of them

might form a 45-degree angle when only looking at a few consecutive pixels on

the curve).

Figure 7 shows how hatching lines are detected using Hough transforms.
After hatching line are detected, information about their location is stored for

later analysis and then they are removed from the drawing (i.e., all their pixels are

assigned the color of the background). Afterward, the images to be compared are

resized to have the same dimensions. The drawings are now ready to be fairly

compared while only taking their structural features into account.
To compare the drawings, at this stage, a feature vector is extracted from each

drawing using a histogram of oriented gradients (HOG) feature descriptor.19

Figure 7. An example showing the detection of the hatching lines. The top figure shows the
original image while the bottom figure shows the same image with the detected hatching lines.
The ‘x’-marks show the beginning and the end of each detected hatch line.

Figure 6. An example showing three different hatching patterns for the same drawing, each
originating from a different CAD software.

Younes and Bairaktarova 11



The number of HOG features – and thus the size of the feature vector – is
made constant by always scaling the features’ areas’ sizes by the image size (see
Figure 8 for a HOG feature extraction example). This enables the recognition of a
correct drawing even if it has a mistake in scale (see the Line Thickness, Colors,
and Views Section for details about scale mistakes detection). After the extraction

Figure 8. An example of the HOG feature extraction while considering different patch sizes.
(a) shows the original drawing with its hatching removed. The remaining plots show the HOG
features extracted with patch sizes of the original image’s dimensions divided by (b) 16, (c) 8, and
(d) 4. The total size of the feature vector is 8100 features in (b), 1764 in (c), and 324 in (d).
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of the HOG feature vectors from both images, the two vectors representing the
images are compared. The Euclidean distance between the two vectors is comput-
ed. If this distance falls below a certain threshold, then the two images match and
the given drawing is correct. Otherwise, having a distance above the threshold
means that the given drawing has mistakes in its structural features.

To obtain a good threshold value that would work for the widest number and
variety of drawings, we use half of the dataset of the Dataset Section having pairs
of drawings that match and others that do not match (having at least one mistake/
difference). This dataset was selected randomly from students’ submissions. The
values of the differences between the pairs of feature vectors are analyzed using
different options for the number of patches that HOG uses. It was found that
dividing the image into 16x16 patches for HOG gives the best separation between
the matching and the non-matching drawings, while yielding very low difference
costs for the matching pairs. Therefore, the threshold was chosen to be slightly
above that latter cost.

Detecting hatching mistakes. One of the ViTA’s features is the ability to compare
hatching areas between two drawings in order to be able to tell whether or not
these areas match. This requires the drawing to have passed the test of the
Recognizing Correct Matches Section so that the structural features of the draw-
ings match.

In the simple case where all drawings are known to originate from the same
CAD tool with specified export settings, a simple comparison to know whether or
not all hatching lines match in both images could tell whether or not the hatching
matches. In the case where there is not a preset CAD tool to use with specified
preset settings, the hatching areas are extracted by applying the following steps,
illustrated in Figure 9:

1. The midpoints of all the hatching lines recognized in the Recognizing Correct
Matches Section are drawn in foreground color in the image with the hatching
lines removed (see Figure 9(e)).

2. Starting from these midpoints, the foreground color is expanded in all directions
until it reaches another foreground-colored pixel. This results in all the hatching
areas having the foreground color in addition to other borders (see Figure 9(f)).

3. The image as it was prior to Step 1 is subtracted from the resulting image of Step
2, thus leaving only the hatching areas in foreground color (see Figure 9(g)).
To detect whether or not the hatching areas match in two drawings, the result-

ing images of their hatching areas are compared using the same HOG features and
threshold extraction technique used in the Recognizing Correct Matches Section.

A note about hatching recognition. To avoid detecting 45-degree lines that are
not hatching lines, the lengths of the detected 45-degree lines in each area
are examined. If a line in one hatching area is much longer than the rest of the
lines in that same hatching area (i.e., the minimum difference in length between this

Younes and Bairaktarova 13



line and all other detected hatching lines in the hatching area is significantly larger
than the maximum difference in length among the other detected hatching lines),
then this line would no longer be considered a hatching line. On top of that, a
minimum number of two hatching lines that are longer than the minimum required
length is needed in a hatching area for the lines to be considered hatching lines.

Note that such cases rarely occur, and even if a 45-degree line is mislabeled
(i.e., a hatching line v. not a hatching line), it would be mislabeled in both drawings

Figure 9. An example showing all the steps leading to the extraction of the hatching areas.
(a) shows the original image. (b) shows the image converted to black and white. (c) shows the
skeletonized image. (d) shows the recognized hatching lines (bold lines delimited by ‘x’ marks).
(e) shows the plot of the midpoints of the hatching lines on the image after the hatching lines are
removed (the midpoints are actually white pixels but they are represented by an ‘x’ mark on the
figure for clarity). (f) shows the expansion of the midpoints of the hatching lines while showing
where the original midpoints were (‘x’ marks). (g) shows the subtraction of (e) from (g) to obtain
the resulting hatching areas.
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that are being compared – if they match – and would still lead to a correct scoring

of the drawing.

Outline detection

Another feature of ViTA is the ability to detect whether or not the outlines of two

drawings match. This could let graders give some points to the student in case they

have mistakes in some structural features but the outline of the drawing is correct.

We mean by “outline” the outside contour of the drawing, disregarding the details

that might be inside that contour.
To detect the outline, each pixel having the background color is traversed and

exploded. The explosion of the pixel makes it take the foreground color and infects

its four connected neighboring pixels, which, in turn, propagate this explosion. The

explosion stops when the wave of infected pixels reaches other foreground-colored

pixels or the edges of the image. If a whole explosion is confined within

foreground-pixel boundaries, the explosion is kept; otherwise, it is undone.

Figure 10 shows an example of the outline detection.
After the outline image is obtained from both drawings to be compared, the

same HOG feature extraction and thresholding technique of the Hatching

Recognition Section is used to decide whether or not it is a match. In the simpler

case where all drawings are known to originate from the same CAD tool with

specified export settings, image subtraction could be used to determine whether or

not the outlines match, as described in the Hatching Recognition Section.

Scale and orientation

On top of the previously discussed features, ViTA can also detect mistakes is scale

and in orientation.
The mistakes in scale are simply detected when the two drawings have different

sizes but they end up passing all the previous tests and scoring correctly.
The mistakes in orientation are detected by first rotating the drawing to be

graded by a small increment and cropping it (targeting) until its aspect ratio

matches the one of the drawing to compare to. If the drawing goes through 360

degrees of rotation without a match in aspect ratio, then the drawing is incorrect –

i.e., has mistakes in its structural features. If there is a match in the aspect ratio,

tests of the Hatching Recognition Section – and of the Outline Detection Section,

if required – are conducted to test for a match. If there is a match, then the only

mistake would be in the orientation (unless there is an additional scaling mistake).

If the tests for a match (or match in outline) fail, one last test for a match is

conducted after rotating the image by another 180 degrees (still, same aspect

ratio). If the latter test fails, then the drawing is incorrect – i.e., has mistakes in

its structural features. Note that, when rotating an image, the image is always

expanded to accommodate the existing parts of the drawing; the newly created

areas of the image are filled with the background color.
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Line thickness, colors, and views

Even though these types of mistakes are not always applicable to the drawings, we
added to ViTA’s platform the capability to detect if two images are identical but
differ in line thickness, if they are different in terms of colors, and if they are two
views of the same 3D object.

To detect differences in line thickness between the two images, after passing the
correctness test mentioned previously, we simply retest while skipping skeletoniza-
tion. Color differences are easily detected by retesting while skipping conversing to
black and white and comparing pixel values. We even included an option to use the
Hue value of the HSV color space instead of red, green, and blue values of
the RGB color space, which enables us to be less strict with different shades of

Figure 10. An example showing the outline detection. (a) shows the original image. (b) shows
the skeletonized image after the background is normalized to be black. (c) shows the detected
hatching areas to show the difference between them and the outline image. (d) shows the
obtained outline image.
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the same color. As for detecting that an image is a different (incorrect) view of

the same 3D object, we simply include the correct images of those different views

and compare to them as well.

Evaluation

In this section, we discuss the evaluation of ViTA and present the obtained results.

Grading rubric

ViTA is a toolbox that can recognize matching and non-matching drawings while

offering the detection of multiple mistakes in a 2D cross-sectional drawing, as

discussed in the Virtual Teaching Assistant Section. To evaluate all the features

that ViTA offers, we used a slightly modified version of the grading rubric of

Ingale et al.20 that is summarized in Table 2. The rubric of Ingale et al.20 considers

the same criteria of Table 2 except for giving a point for a correct cutting plane

perspective instead of correct rotation and scale. Since the cutting plane would be

correct if the rest of the criteria is correct, we decided to replace it with rotation/

scale check in order to show the most out of ViTA’s capabilities. Note that ViTA’s

different features could be turned on and off, as needed. ViTA’s remaining features

that are not tested through this dataset were also tested with other drawings and

showed success.

Graphical user interface

To present ViTA in a user-friendly manner that can be used across different CAD

software and useful to the grader, we created a standalone graphical user interface

(GUI) that contains two modes:
1. Grading one file at a time (see Figure 11).
2. Grading multiple files (see Figure 12).
The first mode is used when there is a need to grade one drawing by comparing

it to the correct drawing. The second mode is used when there is a need to grade

multiple files of the same drawing – e.g., when grading an assignment given to a

Table 2. The grading rubric used for evaluation.

An attempt was made to draw the drawing 1 point

Outline of the drawing is correct 1 point

Hatching areas are correct 1 point

Structural features are correct 1 point

Rotation and scale are correct 1 point

Total 5 points
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whole class or group of students. In both modes, the results show the detailed

grading of each file along with the total points for that file, as shown in Figure 11.

Dataset

The dataset used to evaluate ViTA consists of 500 CAD submissions collected in

an undergraduate Introduction to Spatial Visualization course at Virginia Tech.

These submissions included CAD sectional drawings for mechanical structures (see

Figure 13) originating from three different CAD tools (Inventor,21 CATIA,22 and

SOLIDWORKS23). The CAD drawings are first exported to images and labeled

according to whether they are correct or contain mistakes, while specifying the

types of these mistakes. The mistakes that existed in the dataset were sometimes a

combination of more than one type of mistake.

Figure 11. An example showing ViTA’s GUI while grading one drawing. The user presses on the
“Import Correct File” button to import the correct baseline file and on the” Import File to Be
Graded” button to import the file that they desire to grade. The names of the chosen files are
shown respectively under each button and their images are shown below them. After both files
are imported, the user presses the “Evaluate” button for the grading to happen and the results to
be shown.
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Results and discussion

Using the second half of the dataset of the Dataset Section that is not used in the
training realized in the Recognizing Correct Matches Section, ViTA was evaluated
by feeding it a sample of a correct drawing and other samples that might be correct
or containing mistakes.

The results were compared to the ground truth and showed that ViTA was
successfully able to correctly grade all – i.e., 100% of – the drawings. It was
able to correctly identify all correct drawings, all the mistakes in the drawings,
and give them appropriate grades. The only observed catch was that, when having
a totally incorrect drawing, ViTA takes some time to test for a rotation mistake

Figure 12. ViTA’s GUI for the option of grading multiple drawings. The user presses on the
“Import Correct File” button to import the correct baseline file and on the “Specify Folder to Be
Graded” button to specify the directory holding all the files to be graded. The names of the
correct file and the directory are shown respectively under each button and the image of the
correct file is shown below them in the center. After both files are imported, the user presses the
“Evaluate” button for the grading to happen and the results to be shown. Note that, in this case,
each file’s name is shown before its results are listed and a vertical scrolling bar appears to help
the user navigate through the results.
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(i.e., rotating the image by a small increment and checking, then keep repeating

until the image is fully rotated). The same issue occurs when there is actually a

rotation mistake, but the rotations would stop when the mistake is detected. This

time-related issue does not impact small and relatively simple drawings because the

increments of rotation could be set to much higher than the ones that should exist

for more complicated/detailed drawings. For more complicated drawings, one

could raise the matching thresholds and use lower increment values, but this

could potentially lead to having some false positives (i.e., slightly incorrect draw-

ings classified as being correct). The latter case is not advised since the main goal of

ViTA is to save time for the grader. This means that a grader would normally

prefer to trust the software to correctly recognize all correct drawings so that they

do not have to waste time double checking; that would defy the purpose of the

software. In case the grader has a lot of files to grade and the software is taking

some time to grade them, it would usually still be much faster than a human

correcting them. If the rubric is set to not include rotation mistakes, ViTA

would always finish in a short amount of time. In our evaluation, it took ViTA

less than a minute to grade all 500 submissions, compared to about six hours when

graded by a TA. More realistically, using traditional grading, students got feed-

back from the instructor/TA about one week after submitting their drawing.

Therefore, ViTA saves significant time for the graders and helps students learn

much faster from their mistakes.
One limitation to the conducted evaluation was the limited difficulty and details

in drawings that were evaluated (those were the only types of drawings used in the

course). Even though we tested a large number of drawings with different types of

Figure 13. Some of the drawing types used to evaluate ViTA. Others are shown in the previous
Figures.
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mistakes, there might exist some cases in future drawings where the drawings that

come from different CAD tools contain a lot of detail with one minor mistake.

Compared to the amount of detail that matches in the drawing, that mistake might

be undetected, depending on its type. To avoid this issue, threshold must be set to

stricter values, if not even zero. This would lead to always having the drawings

classified as “correct” to be correct ones, while some correct ones might end up

being classified as having mistakes in their features, then the grader would just

double-check those incorrect ones. Note that this issue would rarely occur in very

specific cases where the following constraints are met:

1. The two drawings originate from different CAD tools.
2. The export settings in the different CAD tools are different.
3. The drawings have a large size.
4. The drawings contain a lot of detail.
5. There is a very minor mistake in a drawing.

Future work will concentrate on testing such cases with real and synthetic data

while exploring different ways to solve such issues, such as having a dynamic HOG

patch size and training using a significantly larger amount of data with many more

shapes.

Conclusion and future work

This work introduces a new tool that helps instructors save time when grading

CAD drawings. This tool, called ViTA, offers the ability to compare two-

dimensional drawings originating from different CAD tools and grades them auto-

matically according to a flexible grading rubric that the human grader sets. ViTA

has the ability to recognize correct drawings and can detect multiple popular

mistakes that the instructor would look for, such as mistakes in structural features,

outline, hatching, orientation, scale, line thickness, colors, and views. Evaluating

ViTA using a relevant grading rubric showed its accuracy, speed, and relevance in

automatically grading two-dimensional drawings.
Future work will focus on testing ViTA with more complex drawings and with

synthetic shapes that slightly vary from the correct drawing. This will involve

upgrading ViTA to use smarter algorithms that might involve machine learning

and deep learning. We will also concentrate on expanding ViTA to include the

automatic grading of three-dimensional drawings and the ability to automatically

extract the drawings’ images from their corresponding CAD files.
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