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The convolution neural network and curve fitting

based human body size measurement

Ma Yan", Yin Zhiang, Huang Hui, Zhang Yuping
College of Information, Mechanical and Electrical Engineering, Shanghai Normal University, Shanghai 200234, China

Abstract: Objective The human body size measurement is developed in garment making based on contact and non-contact
methods. The manual contact measurement mainly uses soft ruler and other tools to measure by hand. This method is time
costly and inaccuracy, which is not appropriate for large-scaled human body size collection. The intelligent non-contact
human body measurement obtains human body size through some equipment and instruments, which has the features of high
efficiency, easy use and quick response. Traditional non-contact human body measurement is constrained of external fac-
tors, such as single color background and fixed lighting scenario. In addition, the traditional methods extract less number of
human key points, or the position of human key points have some deviation for the human body with particular size. To fur-
ther address these issues, we construct a convolution neural network model and facilitate the method for segmenting human

body and detecting the key points. Meanwhile, we focus on the measurement method of shoulder width based on Bezier
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curve, as well as the measurement method of body circumference based on double ellipse fitting. Method Three images of
the front, side and back of the human body are captured through the camera. The acquired image is segmented using the
Deeplavh3 + algorithm and the human body contour is obtained. Lightweight OpenPose algorithm is employed to detect the
13 human body key points, including shoulder joint, elbow joint, wrist joint, hip joint, knee joint, ankle joint, etc. First,
the end point of shoulder is identified by integrated information of human shoulder joints because the angle between the tan-
gent lines at the end of shoulder is less than the angle of its surrounding point. The two endpoints of shoulder curve can be
regarded as the starting point and the ending point of the quadratic Bezier curve based on the similarity of shoulder curve
and Bezier curve. Next, the intersection of the tangent lines of the two ends of shoulder width curve is used as the control
point of the quadratic Bezier curve. The shoulder width is obtained by the calculated length of shoulder Bezier curve. The
range of waist is determined by the key points of hip joint and elbow joint in the human contour curve. The average waist
width and thickness within the range are taken as the width and thickness of the human waist. The waist curve of human
body is as two ellipses with equal long axes and unequal short axes. The double ellipse fitting model is established for
human circumference curve. The parameters of the double ellipse fitting model are trained by linear regression method.
Finally, the waist length of human body is obtained with the circumference of the double ellipse fitting curves. Similarly,
the measurement position of chest and hip circumference is roughly determined in accordance with the results of human seg-
mentation and key detected points. The measurement curve of the whole chest and hip circumference is fitted to obtain the
curve length. Result we compare the human key point detection performance of three algorithms, including Lightweight
OpenPose, contour-based detection, and human proportion based detection. Our experimental results show that Lightweight
OpenPose can extract human key points more accurately. Additionally, we also compare the network results and computation
of OpenPose to Lightweight OpenPose. The results show that Lightweight OpenPose can simplify the computation and guar-
antee the detection accuracy. We select 100 shoulder categories for data evaluation of the measurement of shoulder width,
including flat, wide or narrow, and sliding one. We compare the shoulder width measurement performance of three algo-
rithms, including vanishing point and proportion based algorithm, regression analysis and the proposed algorithm. These
experimental results demonstrate that our average absolute error of shoulder width measured is less than 2 cm. For the meas-
urement of human circumference, 132 samples are selected for data evaluation. For the measurement of waist circumfer-
ence, we evaluate four methods related to regression analysis method, support vector machine (SVM) -based waist circum-
ference estimation algorithm, direct ellipse fitting method and the proposed algorithm. For the measurement of chest and hip
circumference, we carry out the evaluations of three methods like regression analysis method, direct ellipse fitting method
and the proposed algorithm. The comparative results show that the average abstract error of the proposed algorithm is within
3 cm, which is suitable for the national measurement standard. Conclusion Our algorithm evaluate the accuracy of human
body size measurement, which reduces the dependence of the non-contact measurement on the external environment and
equipment, improves the robustness of the system, and promotes the non-contact measurement in practice. The future
research potentials can be improved through the robustness of human body segmentation method, the elimination of hair or
other racial bodies on shoulder width and chest circumference measurement, and the detection accuracy of shoulder end-
point and chest positioning. It is challenged that more integrated human body data like chest, waist or hip contour need to
be estimated for potential features of individual-based human body size further.

Key words: OpenPose; Deeplabv3 + ; Bezier curve; curve fitting; body size measurement
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((a) human binary image; (b) human silhouette image )
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Table 1 The proportion of different body parts to height

Yl B JH MRS R I R B

B 1.00 0.8 0.72 0.61 0.53 0.41 0.26

4 1.00 0.81 0.72 0.63 0.53 0.41 0.28
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Fig. 13 Diagram of chest thickness
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Fig. 15 Comparison results of human key points detection

((a) human key point detection results based on human
contour coding; (b) human key point detection results
based on human proportion; (c¢) human key point

detection results based on Lightweight OpenPose )

F 2 OpenPose WMELERITEE

Table 2 Network results and computation of OpenPose

BB AP/% GFLOPs  GFLOPs Z{#
BT n/a 37.8 37.8
cond_3 n/a 2.5 40.3
cond_4 n/a 0.6 40.9
W6 M B 35.5 2.2 43.1
AnbBirE 1 43.4 18.6 61.7
LB B 2 46.2 18.6 80.3
LB B 3 47. 4 18.6 98.9
1L B 4 48.1 18.6 117.5
LB B 5 48.6 18.6 136. 1

T n/a LR AIEH],

2.2 ANMEBEMNEER

K16 2510 1 10 A9l 25 J 0 s st F) B0 2 285
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% 3 Lightweight OpenPose I &KL RINITEHE
Table 3 Network results and computation of

Lightweight OpenPose

B Be AP/% GFLOPs  GFLOPs ZMN{E
BT W% n/a 3.7 3.7
cond_3 n/a 0.3 4
cond_4 n/a 0.3 4.3
WItRR B 35 1.3 5.6
AiBirE 1 41.4 3.4 9

T n/a FARAEH

M 16 FTRUE i, TG FE JE , AR SCHR REMER ML
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K16 JH e SR

1M 1.29 em,
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Fig. 16  The results of shoulder location
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T4 BEUNEER
Table 4 The measurement results of shoulder width

/cm

Gis VER B SKPRETE FIHTRE AR SCRE

1 156 39 1.87 0.93
2 152 38 0. 34 0.19
3 & 167 39 0.87 0.43
4 o185 44 2.43 0. 80
5 Bo179 45 0. 56 0.73
6 Bo183 44 1.71 0.31
7 Hoo175 41 2.39 0.34
8 156 38 0.12 1.29
9 & 174 38 1.96 1.21
10 & 156 38 1.25 0.17

2.3 ANEEBRNEER

AR SCHE L 6 57 9 I 2 AT N AR B ) e S 5
Bl 2 0 T R S AR B 17 B, 6 A g
FALLE 3 LB 3 Aot B IE R IR AR
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Fig. 17 Side images and binary images of the subjects
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Table 5 The waist measurement results

/cm

SR EES WP AKX

4 R S *ﬁia”eg L izs
1 5179 91 2.072 0 0.671 3 0.045 5
2 T 174 95 6.298 0 0.1530 0.7543
3 5174 96 3.835 1 3.0199 2.028 3
4 @ 166 84 4.483 9 1.038 6 0.275 1
5 B o168 104 0.477 2 1.154 0 1.393 4
6 @ 156 72 1.168 3 1.590 6 0.498 9

AR SCHR A B T % P TN i 7 1%, R AR Xof
X 6 A5 I A M R R A T AR AR kR 6
KT i, 6 K3 T AL A ST AR I 1
KB DU i 1 AR AR BB ARAR B BRAR A 23O,
6 DrAHIN A (I iR 22 R R, A SO Ik LR 4%
R (B 400 vt B B TN
2.4 REIFMH

XFF IR sl SRR T 100 47 g0 2 VR AT B
VAl o 29 f7 S5 71 (5 2 i 2, B2
B ZE KA B MG B R T, o T, i
TOSR T BN 25 - X5 4 X6 158 2% DA R iR 25 7 45 IX [
MEEE , AR SO R SR TIH R s k5 Lk 45
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xo6 MEMNELR

Table 6 The chest measurement results

/em

R A ORI A L

Mokl Brigz ARk W
1 B 179 99 1.8821 4.2055 1.986 4
2 4 174 107 10.0559 3.2645 0.4489
3 5 174 108 2.1884 2.7828 1.1391
4 & 166 95 1.8593  4.3969 2.2823
5 B o168 110 27646  1.0437 0.4142
6 L 156 88 3.8955  3.1556 1.1763

x7 BEMNELZR
Table 7 The hip measurement results

/em

e SCRE BRSO MERIBL A

OIS wm omez oawmz owx
1 B o179 105 2.3541 2.0464 1.3120
2 4t 174 100 1.094 8 1.8486 2.5732
3 B 174 108 0.7156 1.2895 0.5938
4 L 166 106 5.2473 1.5536 1.2318
5 5 168 110 0.266 7 1.0733 1.8176
6 L 156 87 4.1775 0.5816 0.006 7

BN AR Fl 0 Sk B30y R [ 09 53 B D7 ek R AT X L
RN 8 I, MR8 Al FE TR A7 kS
OBk G I 5 3, DR 25 i S B R e
T5 2 MR BN R 98, RER K HE w0, 5
[N AT I IEA L, AR SO i B R T2 T 115 o
BrE e Tk, P iR 28 R RIRZE RN, HA8 R
OIBEINE YR SET- PR IRZEAE 2 em LAY, IR
i3 em AECE W BART mUA0A 05 A7 IR
SE B AR

*8 BEMNEIFHER
Table 8 Evaluation results of shoulder width measurement
/cm
. . PY ER
MWEHE . E<1l 1<E<2 2<E<3 E>3
= iRES s
FES A 1.97 5.71 21 29 23 27
Lt ik 429 822 3 7 13 77
AL 1.60 3.75 31 32 25 12

X TN B i 4% T 132 gl 2 AT
BRI, b 48 A7 55 M | 84 A3 £ 4 i
&, HA 5 2R NG B, o)™ T, Wi
FIRE R AE AL AR BT LU M 52 . 0T sl &
)P S8 4t o 1 2 LA R iR 25 AR 4% X TR B3, X T
FELIN 6, B AR SCO7 v 5 [mH 43 A 5 vk BT SVM 1Y
PR T D7 2 R0 B (B 4005 O s AT X L, 25 2R
WK 9 Fizn, R 9 AT UL A SCTr 2 1y 1 iR 22 58
K, HARZMETF 1 em F12 em AECE B W2 F HAD
ITE TR ZE# I 3 em BYECER U] AR T HAh 3 5
o H T Sy Bl Y R R B A R AR 2% TR
2 em VAN, FFG B A€ B9 B AR VE X0 T [ &
B FEI AE Ke AR S5 vk 5 81 H 4387 7 12 R0 B 1R
A T AT L G5 RN 10 13k 11 s, M
10 AR 11 7] UL A SO ¥R 1P HR 2 IR AR,

®9 ERNSTMHER

Table 9 Evaluation results of waist measurement

/em

HREsR7S f.ig %k E<] 1<E<2 2<E<3 E>3
WE IRE

A48T 3.15 10.59 26 27 22 57

SVM [EH  3.06 9.17 32 21 28 51

WEEELA  1.44 3.19 49 44 34 5

AL 1.39 3.35 54 39 35 4

x10 MENEITHER

Table 10 Evaluation results of chest measurement

/cm
. o F¥OEK
MRS R 7 . E<1 1<E<2 2<E<3 E>3
I 7 % s
B4 2,79 10.07 33 25 26 48
WEEIIE  3.59 8.45 22 18 17 75
AL 2.68 6.89 31 27 30 44

x11 BENEITHER

Table 11 Evaluation results of hip measurement

/cm
U w7 ;g fjé; E<1 1<E<2 2<E<3 E>3
A48T 2.53 7.90 36 27 24 45
MRS 271 9.77 26 29 26 51
A3 2.55 521 28 34 32 38

3079



3080

PEEREEF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.27,No. 10, 0Oct. 2022

HIRZETE 3 em DINIBCRAR T HAMMA I %, 5
SRAERE BN AL v (013 20 A B P 34 1R 22 W AR T
ASO7 2 ABAER AR ZEFNRZETE 3 em LLNAYEUEE
R B AN AN ST %, DA AR S5 125 0 4 i) A 5
P

3 &% it

ARTCR I T —FhE5 S BT R 245 5 L5
A A RS D D125, T AT 52 2 BRI S ff Rt
TR AR RS AR SO T i i 249 5 el
iU IR o 6 DR GE R el S E STPESE
PUE AN AR e, BARAS SO iR O DR JE B 22 1R
o (HRMRORATAE—E 2%, B — 2 MR, —
Jee N AR 1760 5 B A 0 0 2 SR R AR K, [
{85 22 BN A AN B SR AR 2 2 1 B L A
TR E SR AN, LR R R R
AR TR AR S AT AW ERR S OO, R 2 2 AR A%
FELBE I i SR AN ) R B iR 22, B B S B 4 SR AN 3
R ARRATFETT 0 FEZE LN ILA I 1) $2
NGO EIIT I B B, LU DR & T AR A
7352) THBR Sk K s At S X5 IR 5 D FRL 00 P
SO, 2 i JA B T O Y R R 3) 9
RS AT SR 10 00 ek DRI XEE 0 s RS
FRAE L ER AR AE AN ] B AR, 2485 A AR i dl
HEATAEE

£ % 3L Hk ( References)

Cao Z, Hidalgo G, Simon T, Wei S E and Sheikh Y. 2021. OpenPose:
realtime multi-person 2D pose estimation using part affinity fields.
IEEE Transactions on Pattern Analysis and Machine Intelligence,
43(1) . 172-186 [ DOI: 10.1109/TPAMI. 2019. 2929257 |

Chao H, Luximon A and Yeung K W. 2015. Functional 3D human mod-
el design: a pilot study based on surface anthropometry and infrared
thermography. Computer-Aided Design and Applications, 12 (4) .
475484 [ DOI: 10.1080/16864360.2014.997644 ]

Chen L C, Papandreou G, Kokkinos I, Murphy K and Yuille A L.
2018a. Deeplab: semantic image segmentation with deep convolu-
tional nets, atrous convolution, and fully connected CRFs. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 40(4) :
834-848 [ DOI: 10.1109/TPAMI. 2017.2699184 |

Chen L C, Zhu Y K, Papandreou G, Schroff F and Adam H. 2018b.

Encoder-decoder with atrous separable convolution for semantic

image segmentation//Proceedings of the 15th European Conference
on Computer Vision. Munich, Germany: Springer: 833-851 [ DOI:
10.1007,/978-3-030-01234-2_49 |

Crease R P. 2010. Invasion of the full-body scanners. Wall Street Jour-
nal Eastern Edition.

Deng W Y. 2008. Research on Method of 3D Personalized Human Body
Modeling Based on Photos and Neural Network. Hangzhou: Zhejiang
University (X3 T3, 2008. T HI 7 BB v R w28 6 2 1) = 41>
PEAC M 5. BN WHR)

Deng W Y, Lu G D, Wang J and Chen L. 2010. Extraction of feature
parameters of three-dimensional human body based on image. Jour-
nal of Zhejiang University ( Engineering Science) , 44(5) : 837-840
(KBTS, BEEME, EoF, Bk, 2010, BT R =48 NEE:
MESBARIOTT Y. WITLR 2224 (T2# ) , 44(5) : 837-840)
[DOI: 10.3785/j. issn. 1008-973X.2010. 05. 001 ]

General Administration of Quality Supervision, Inspection and Quarantine
of the People’ s Republic of China and Standardization Administra-
tion of the People’ s Republic of China. 2008. GB/T 16160-2008
Location and method of anthropometric surveys for garments. Bei-
jing: Standards Press of China: 1-5 ( FAE A RGN [ R 5
B RAE S R, TP R AR B B 4. 2008. GB/T
161602008 ARz FAAMMIEL TR0 5 )5 k. dLat. P ESRIED
JAL: 1-5

Gittoes M J R, Bezodis I N and Wilson C. 2009. An image-based
approach to obtaining anthropometric measurements for inertia mod-
eling. Journal of Applied Biomechanics, 25(3): 265270 [ DOI:
10. 1123/jab. 25.3.265]

Huang X L. 2009. Research on Measurement of Young Female’ s Bodies
Based on Digital Images. Suzhou: Soochow University ( ¥ 75 ll.
2009. T R BT AR LA RGN, 5N IR
)

Jiang LY, Yao J, Li B P, Fang F, Zhang Q and Meng M Q H. 2012.
Automatic body feature extraction from front and side images. Jour-
nal of Software Engineering and Applications, 5 (12B): 94-100
[ DOI: 10.4236/jsea.2012.512B019 ]

Jones P R M, West G M, Harris D H and Read J B. 1989. The lough-
borough anthropometric shadow scanner ( LASS ). Endeavour,
13(4): 162-168 [ DOI: 10.1016/50160-9327 (89 )80004-3 |

Lin Y L and Wang M J J. 2011. Automated body feature extraction from
2D images. Expert Systems with Applications, 38(3) : 2585-2591
[DOI:; 10.1016/j. eswa.2010.08.048 ]

Lin Y L and Wang M J J. 2012. Constructing 3D human model from front
and side images. Expert Systems with Applications, 39 (5):
5012-5018 [ DOI: 10.1016/j. eswa. 2011.10. 011 ]

Meadows D M, Johnson W O and Allen J B. 1970. Generation of surface
contours by moiré patterns. Applied Optics, 9(4) : 942947 [ DOI.
10.1364/A0.9.000942 ]

Osokin D. 2018. Real-time 2D multi-person pose estimation on CPU:
lightweight OpenPose//Proceedings of the 8th International Confer-



$27E/5F 108 /2022 F 10 B

3081

Bk, REH, BE, KE¥ / SERHENESHMEINSHAGRRINE

ence on Pattern Recognition Applications and Methods. Prague,
Czekh: SciTePress

Pan L, Wang J, Yao T and Yu Z J. 2013. Comparison of contact with
non-contact measuring data in garment. Journal of Dalian Polytech-
nic University, 32(2) . 140-142 (¥ J1, %, ¥, THEE.
2013, 4 i 5 Ak e fuh N M B LA R Tl K
i, 32(2): 140-142) [DOI; 1674-1404(2013)02-014003 ]

Qi X and Ji Z P. 2019. Size measurement and fitting based on 3D human
body model. Modern Computer, (7): 74-81 (FFWlf, 1 & .
2019. T =2 A MRBR g RS8Rl A, BT AL,
(7):74-81) [DOI: 10.3969/j. issn. 1007-1423.2019.07. 016 ]

Seo D, Kang E, Kim Y M, Kim S Y, Oh I S and Kim M G. 2020.
SVM-based waist circumference estimation using Kinect. Computer
Methods and Programs in Biomedicine, 191 #105418 [ DOI. 10.
1016/j. ecmpb. 2020. 105418 ]

Wang L. 2018. Research on Non-Contacting Human Body Measurement
and Modeling Technology Based on Image. Xi’an: Xi’an Polytech-
nic University (£ 5. 2018. F&TF EMEAY AR A 2C AN & 5 1
HRBIF. W% % LRKY)

Xu F, Zhang H and Zheng R. 2006. Prediction for bust girth using
regression analysis from photographic and anthropometric data. Jour-
nal of Textile Research, 27 (8): 49-52 (#R#, 3K, Uk
2006. SEARN B R AL 00 1R 0 AT, 252U, 27 (8)
49-52) [DOI. 10.3321/j. issn:0253-9721.2006.08. 014 ]

Xu H M, Xia L K, Yang Q, Liu Y J, Tang S Y and Yang J. 2017.

Human featured automatic measurement system. Journal of Image

and Graphics, 22(2) ; 225231 (#RE8, H rhh, B, x5
A, BRI, B 2017, FIRARSE AR RS, TEE
LR, 22(2) : 225-231) [ DOI; 10. 11834/jig. 20170210 ]

Yan L L and Liang J F. 2008. The quadratic Bezier curves that shape
can adjust. Journal of East China Institute of Technology ( Natural
Science), 31(1): 9397 (™22, FmI. 2008. AR IH =
K Bezier M4k, ARAEFE T RZ%IM(HARFEM), 31(1):
93-97) [DOI: 10.3969/j. issn. 1674-3504.2008.01.019]

Zhao Y B, Zhu W M and Wei Y H. 2017. Human body data extraction
system based on personalized customization. Shanghai Textile Sci-
ence and Technology, 45(11): 9-10, 62 CGRXFEM:, KA, T
21, 2017. MR il M B AR I oE. i 2 SUREE,
45(11); 9-10, 62) [ DOI: 10. 16549/j. cnki. issn. 10012044,
2017.11.003 ]

EEE T

b6 Ao R AR W, B SE 5 )y R A 3 R
5], E-mail ; ma-yan@ shnu. edu. cn

BB, I3 BT A RIS T ]y AR AL BRI R
5, E-mail . yinzhiang0407 @ sina. com

O L BB, FEWTSET 0 RS A BT U
E-mail ; huanghui@ shnu. edu. cn

TKREME, &, B, FEOTOT 0 AU BT,

E-mail ; yp_zhang@ shnu. edu. cn



