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ABSTRACT

This paper proposes a vision-based food recognition method for automated production of custom cakes. A small camera
module mounted on a food art printer recognizes objects’ shape and estimates their center points through image processing.
Through the perspective transformation, the top-view image is obtained from the original image taken at an oblique
position. The line and circular hough transformations are applied to recognize square and circular shapes respectively. In
addition, the center of gravity of each figure are accurately detected in units of pixels. The test results show that the shape
recognition rate is more than 98.75% under 180 ~ 250 lux of light and the positioning error rate is less than 0.87% under
50 ~ 120 lux. These values sufficiently meet the needs of the corresponding market. In addition, the processing delay is
also less than 0.5 seconds per frame, so the proposed algorithm is suitable for commercial purpose.
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Fig. 1 Latte art printer ‘Folleto’ and latte art [2]
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Fig. 3 Development environment (camera module installation
and wireless communication setup)
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Fig. 4 Flow chart of proposed algorithm
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Fig. 5 Projective Transformation
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Fig. 6 Original image captured at an oblique position (left)
and top-view image after transformation(right)
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Fig. 10 Example of edge pixels’ distribution

Table. 1 Lines drawn from each point

(z.y) | —45° 0° 45° 90
(2.0) | 14 2 14 0
(L) | 0 1 14 1
@107 2 21 1
(L3) | -14 1 28 3
(2.3) | —0.7 2 35 3
(4.3) ] 07 4 49 3
(3.4) | —0.7 3 49 4

Table. 2 Table of accumulation count of each (r, )
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Fig. 11 line detections by different Minlength values

25, Circle detection

Y A&l = Yd 3] HEK Circular Hough Transform)
o Hgato] 24 HolA] et MM 52 WFHLine
Hough Transform)*¥ Z} edge YAlo|A] ZA}5l=
HOFHIAY AN A 1 RA M ET P 2 AL
AEgheks HolA o9 §ARshe ik AAISHE wop
o] 40| op]z} o] 7ol x| WAL FAHOR B
= glofah A, 223 A FheE dao] AL
qlo] gaare] MaSoleks Hol thzrh, wehy 4
FHeEEE 247 M 2 0] 27t 34 99
Z4lo] Sei11]

29 129] 953} 2o 9 mapo) 0%

ﬂJ

O

i

HE S 2
A GAlof| i3] 2 2% IHAY 1 HAS FAoR
© 9% 29t o] 1YL RHAIE R S 2EfshH A
A = d5o] 71 wol AA= g9A 27 A

]_
2] F4lo]m] TLuj | R o] FA919] WK So] Hek,

BNt

Fig. 12 Circle detection principle

A2 Y mof Q14)0] AL WA RS 23K W
agﬁ% JefoF SRR Efof sk Yo} Aj7t 7]
shaA o R S8k wizef ofA] Zde) g A
iﬂaﬂﬂﬂﬁﬂﬂdammﬂﬂﬁbﬂuﬂﬂﬂ
% 9uEe 48T Rolv

1284



AF7hA et =y Q14 9S4 2 S gae]
=259 2 O W[12][13] ol &3 ke chekst
A T AZY mg] 2] 3 s 7 4
= AAISHTE A5 Bkl AME AEAES 19 12
oF Zrom AF AW 253} TRkt Ao Ay 2~
HAER P E Stk B3 FE ofE ZHE7EEAE
o] orerst 21 HIlE e she] oheFet 2= (Lux)
oA AFe AASHHA 2 AAE HEE 591 P

Fig. 13 Circular or rectangular shapes of sponges used
in test

Fig. 14 object shape and center point recognized by
proposed algorithm
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Table. 3 Shape recognition rates for various colors and
intensity of illumination (lux)

circle (B) | circle (Y) | rect (W) | rect(G) | rect(Y)

0~50(lux) 68.75% | 90.00% | 97.50% | 81.256% | 97.60%
50~120(ux) | 87.50% | 97.50% | 97.50% | 96.25% | 98.75%
120~180ux) | 96.25% | 97.50% | 98.75% | 98.756% | 98.75%
180~250(ux) | 98.75% | 98.75% | 98.75% | 98.76% | 98.75%
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Table. 4 center point error rate (unit: pixel)
circle (Black) circle (Yellow) rect (White) rect(Green) rect (Yellow)
intensity max | avr |error rate| max | avr |error rate| max | avr |error rate| max | avr |error rate| max | avr |error rate
0~50(lux) 3 2.01 1.27% 2 1.33 0.84% 3 261 0.97% 3 273 1.01% 4 2.14 0.80%
50~120ux) 2 1.37 0.87% 2 121 0.77% 3 2.36 0.88% 3 2.31 0.86% 3 1.85 0.69%
120~180 (lux) 2 1.12 0.71% 2 1.08 0.68% 2 2.54 0.94% 3 1.78 0.66% 2 1.54 0.57%
180~250 (lux) 2 0.94 0.59% 1 0.86 0.54% 2 2.21 0.82% 2 257 0.96% 3 1.64 0.61%
Table. 5 side length / radius error rate
( circle radius : 79pixel , rect side length : 186 pixel )
circle (Black) circle (Yellow) rect (White) rect(Green) rect(Yellow)
intensity max | avr |error rate| max | avr |error rgte| max | avr |error rate| max | avr |error rate| max | gvr |error rate
0~50(lux) 2 1.88 2.38% 2 1.00 1.27% 3 1.90 1.02% 3 1.93 1.04% 3 1.65 0.89%
50~120(ux) 1 0.98 1.24% 1 0.26 0.71% 3 1.69 0.91% 2 1.40 0.75% 1 0.45 0.24%
120~180 (lux) 2 0.77 0.97% 1 0.43 0.54% 1 0.78 0.42% 2 1.02 0.55% 2 1.11 0.60%
180~250 (lux) 2 1.03 1.30% 2 0.51 0.65% 2 1.21 0.65% 2 1.14 0.61% 3 1.69 0.91%
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