














Step 7 Distance calculation.

We cannot calculate the length of the circumference of the
object by just using the position of the last marker and
subtract the position of the marker because after putting the
markers around the object, the position of the last marker
will be very close to the first one. To solve this problem,
there are a few steps to be done.

1) Calculate distance between markese calculate the
circumference of the object by calculating the distance of the
double markers starting with marker#1 and #2, then #2 and #
3 and so on until the last marker and marker #1. Example of
this method is shown in figure 11, and the equation for
solving this problem is shown in figure 12.
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Fig. 11 For example to calculate a distance between markers (blue square is
marker)

2 2 2 2
D=(x-x)+(y-y)+(z-2)
i i i+1 i i+1 i i+1

Fig. 12 The formula for calculates distances.

D = distance, x = vector X, y = vector y & z = vector z.

2) Calculate circumference Summation of the total
distance for the circumference of the object is done using the
equation in figure 13.

n

Circumference = Z D;
i=1

Fig. 13 Formula for calculate circumference.

D is distance, x is vector X, y is vector y, and z is vector z.

The convert the distance into centimeter, using the
equation in figure 14.

Cro = C* Marker’s size

Fig. 14 Conversion formula for the circumference

Cro = Circumference of the real object and C =
Circumference

3) Calculate the object’s heighT.o identify the object
height by calculating the distance between the top row with
the bottom row.

Fig. 17 Group three: body shape

Ill. RESULTS ANDDISCUSSION

From the experiment with the objects, the result of the

C. Experiment shape that we get is shown in figure 18 to 27. For the size of

To prove that our method can identify the object’'s size the objects, we have done the experiment with each object
and can simulate a shape like real objects. We set up thd.0 times to prove that our technique can identify an object's
experiment followed all step above with several objects size precisely. The results in table 1, 2, and 3 are the average
which have different size and shape shown in figure 15, 16,0f the sizes of the objects from the measurements.

and 17 as follows:
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Fig. 18 An experiment result: Cross-section of the objects A
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Fig. 19 experiment result: Cross-section of the objects B

Fig. 23 An experiment result: Shape of the objects F and G on the
perspective view

Fig. 24 The real shape of the objectarid G

Fig. 25 An experiment result: Shape of the mannequin on the front view.

Fig. 22 An experiment result: Cross-section of the objects E -

Fig. 26 An experiment result: Shape of the mannequin on the perspective
view.

Fig. 23 An experiment result: Shape of the objects F and G on the front
view
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Fig. 27 Real shapes of the mannequin.

TABLE |
GROUP1, AN AVERAGE VALUE FROM THE CALCULATE EXPERIMENT
Object | Real size (cm.) | Experiment results Error
(Avg.)
A 14 13.91 0.64%
B 72 72.42 0.58%
C 33.5 33.64 0.42%
D 24 23.8 0.83%
E 27.5 27.02 1.75%
TABLE II
GROUP2, AN AVERAGE VALUE FROM THE CALCULATE EXPERIMENT
Object RH RC EH EC ErH ErC
F 105 | 335| 10 32 4769 4.47%
G 16 22 16.3| 23.01| 1.87% 4.95%

RH is Real size: Height
RC is Real size: Circumference
EH is Experiment results: Height

EC is Experiment results: Circumferences
ErH is Error: Height
ErC is Error: Circumference

TABLE Il
GROUP3, AN AVERAGE VALUE FROM THE CALCULATE EXPERIMENT
Object | Real size: Experiment results Error
:H Circumference (Avg.)
(cm.)
Chest 65 67.74 4.21%
Waist 87 88.41 1.62%
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IV. CONCLUSION

Using our technique with several different types of
objects, it can identify the shape and size of objects. From
the experiment result, the shape from the system looks
similar to the real objects, while the size of the objects from
the calculation is very close to the real object with the
maximum error of less than 5%. Using our marker-based AR
technique takes a much shorter time and did not need
sophisticated devices but still get a good result. Moreover, it
can be used with the smartphone as well. And can be
adapted to support the virtual fitting room for identifying a
body’s shape without using the measuring tape. Another
advantage over measuring tape is that our technique can
identify a convex and concave of the human’s body while
the measuring tape cannot.

ACKNOWLEDGMENT

This research was financially supported by Walailak
University, Nakhon si Thammarat, Thailand. In contract no.
05/2561.

REFERENCES

[1] Adikari, A. M. S. B.,, N. G. C. Ganegoda, and W. K. I. L.
Wanniarachchi. "Non-contact human body parameter measurement
based on Kinect sensor." IOSR Journal of Computer Engineering
19.3 (2017): 80-85.

[2]  Alexiadis, Dimitrios S., Dimitrios Zarpalas, and Petros Daras. “Real-
time, full 3-D reconstruction of moving foreground objects from
multiple consumer depth cameras”. IEEE Transactions on
Multimedial5.2, pages 339-358, 2012.

[3] Allen, B., Curless, B., & Popo#j Z. “The space of human body
shapes: reconstruction and parameterization from range scans.”
In ACM transactions on graphicgol. 22, No. 3, pages. 587-594.
ACM, July 2003.

[4] Lee, Kyoung-Rok, and Truong Nguyen. "Realistic surface geometry
reconstruction using a hand-held RGB-D camédviathine Vision
and Application27.3 (2016): 377-385.

[5] Newcombe, Richard A., et al. "KinectFusion: Real-time dense
surface mapping and tracking." 2011 IEEE International Symposium
on Mixed and Augmented Reality. IEEE, 2011.

[6] Nguyen, Chuong V., Shahram lIzadi, and David Lovell. "Modeling
kinect sensor noise for improved 3d reconstruction and tracking."
2012 second international conference on 3D imaging, modeling,
processing, visualization & transmission. IEEE, 2012.

[71 Se, Stephen, and Piotr Jasiobedzki. "Photo-realistic 3D model
reconstruction.” Proceedings 2006 IEEE International Conference on
Robotics and Automation, 2006. ICRA 2006. IEEE, 2006.

[8] Tong, J., Zhou, J., Liu, L., Pan, Z., & Yan, H. “Scanning 3d full
human bodies using kinect$EEE transactions on visualization and
computer graphicsl8(4), 643-650. 2012.

[9] Xu, Di, et al. "Kinect-based easy 3d object reconstruction." Pacific-
Rim Conference on Multimedia. Springer, Berlin, Heidelberg, 2012.

[10] Yoshino, Naoyuki, Stephen Karungaru, and Kenji Terada. "Body
Physical Measurement Using Kinect for Vitual Dressing
Room."2017 6th IIAl International Congress on Advanced Applied
Informatics (IIAI-AAl) IEEE, 2017.

[11] Yousef, Khalil M. Ahmad, Bassam J. Mohd, and AL-Omari Malak.
"Kinect-Based Virtual Try-on System: A Case Stud019 IEEE
Jordan International Joint Conference on Electrical Engineering and
Information Technology (JEEIT)EEE, 2019.

[12] Yu, Tao, et al. "Doublefusion: Real-time capture of human
performances with inner body shapes from a single depth sensor."
Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition. 2018.

[13] Yun, SangUn, Dongbo Min, and Kwanghoon Sohn. "3D scene
reconstruction system with hand-held stereo cameras." 2007 3DTV
Conference. IEEE, 2007.

[14] Zollhéfer, M., NieRBner, M., Izadi, S., Rehmann, C., Zach, C., Fisher,
M., ... & Stamminger, M. “Real-time non-rigid reconstruction using
an RGB-D camera’ACM Transactions on Graphic2014.





