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Abstract. Volume is one of important issues in the productiod processing of

food product. Traditionally, volume measurement barperformed using water
displacement method based on Archimedes’ principlater displacement

method is inaccurate and considered as destruatigod. Computer vision

offers an accurate and nondestructive method insumesy volume of food

product. This paper proposes algorithm for volumeasurement of irregular
shape food product using computer vision based ont& Carlo method. Five

images of object were acquired from five differgigws and then processed to
obtain the silhouettes of object. From the silhtagetof object, Monte Carlo

method was performed to approximate the volume kjéad. The simulation

result shows that the algorithm produced high amyeand precision for volume
measurement.

Keywords: computer vision; food product; irregular shape; Me Carlo method,;
volume measurement.

1 I ntroduction

Volume is one of the important issues in the préidacand processing of food
product. Volume together with other physical praigsrplays an important role
in calculating water loss, heat transfer, quantiy pesticide applications,
respiration rates, etc. In food processing, volumeiseful for size sorting,
quality grading, and microbial concentration [1f].vblume of a food product
can be determined, then the other physical praggesiich as mass and density
can be easily estimated [2],[3]. In egg, volumeadkated to many important
things in bird life such as female mass, femaleiasostatus, lay date, egg
composition, nesting success, hatchling size, astling survival [4]. In bread,
volume is a good indicator for gas retention prtpsrof dough, quality of flour
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protein, quality of gluten development, and balagcrecipe and processing
requirement [5]. Therefore research in volume mesamant is an important
task.

Traditionally the volume of an object can be meedurusing water
displacement method based on Archimedes’ principhe object is immersed
into water that placed in a container until allfaoes are immersed. Displaced
water is collected in another container and itain@ is measured. The volume
of displaced water is considered as the volume h# bbject. Water
displacement method is inaccurate, especially @oys or fragile object [3],
[6]. For example in bread volume measurement, wdigplacement method
fails because it can damage the bread. Moreovew#ter will be absorbed by
the bread. In measuring bread volume water dispiaoé method is modified
using seed displacement. Usually rape seed or pad#dy is used to replace
water. This method is less in accuracy becausdrbad may be compressed
when it is merged in the seed [7].

Currently, volume measurement instrument using rlassanner for food
product, especially bread, has been introduced aokeh such as TexVol
instruments BVM-L series (http://www.texvol.com) ®folscan Profiler from
Stable Micro Systems (http://www.stablemicrosystems). However, this
instrument is expensive and cannot be applied tirecproduction line.

Computer vision offers an accurate and nondestriagtiethod in measuring
volume of food product [8]. It has been widely B to solve real problem in
various fields including optical character recogmt (OCR), machine
inspection, object recognition, 3-D model buildirsytomotive safety, match
move, motion capture, surveillance, fingerprintogdition and biometric [9]. In
addition, computer vision provides innovative st for industrial

automation.

Various industrial activities have been getting dféa from application of
computer vision in manufacturing process such estrelnic component, textile,
metal, granite, glass, printing, pharmaceuticaletatbottling, etc [10]-[13].
Computer vision has been used for automated visgpkction of food product
in many countries [14]. Automated visual inspecti®ing computer vision is
nondestructive method and has been used in vadgusulture and food
industries, such as fruits, vegetables, beef, pk|15],[16].

Previous studies in volume measurement of foodymrodsing computer vision
have been done by many researchers and can bdiethgsto two types of
measurement. The first one is volume measuremendiesymmetric object
[2],[3],[17]-[19] and the second one is volume measent for irregular shape
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object [1],[6],[20],[21]. In previous researchesplume measurement of
irregular shape object was performed by 3-D ohljecbnstruction. The volume
was approximated from the reconstructed 3-D objbgt mathematical
formulation or counting the number of voxel. Thisgess is time consuming in
computation. Furthermore previous researches limwe® measurement are not
implemented to measure volume of object in produnctine.

In mathematical perspective [22], the volume ofdsobject can be calculated
using triple integral over a region with boundang tsurface of object. If the
surface equation of object is known then the irgkgran be evaluate
analytically or by numerical approximation. Otheswithe surface of object
must be reconstructed first before evaluating theegral by numerical

approximation. In 3-D computer vision for volumeasarement, this process is
done by 3-D object reconstruction. Another method dvaluating volume is

Monte Carlo integration. Monte Carlo method evatsathe integral by gene-
rating random points. Only information whether gaed points fall inside or

outside the object is needed for evaluating volumgyout knowing the surface

of object.

The aim of this paper is to propose algorithm foiume measurement of
irregular shape food product using computer vistased on Monte Carlo
method. Monte Carlo method provides easier wayalume measurement of
irregular shape object. Moreover Monte Carlo metldogs not require 3-D
reconstruction of irregular object for volume measuent.

2 Related Works

21  Volume Measurement of Axi-symmetric Object

An object is considered as axi-symmetric if thessrsections of the object
which are perpendicular to its major axis are dacshape. Some example of
axi-symmetric food products are eggs, watermelananges, lemons, limes,
tamarillos, cantaloupes, etc. The object can beeteddas solid of revolution

obtained by rotating half of its projected areauabits major axis. With this

modeling volume of the object can be approximatsohgi disk method or

frustum cone method. Table 1 shows summary of eglatorks in volume

measurement of axi-symmetric object.

Koc [2] has approximated volume of watermelon ugiigk method. Image of
watermelon was acquired in RGB color space usingamera and then
converted to gray scale image. Threshold technigage used to produce binary
image from gray scale image. The threshold values watermined by
experiment. The boundary of watermelon was extdafiiem its binary image
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using ImageJ custom edge detection technique. Asde boundary image
was assumed as sum of rectangles. Rotating heliaf rectangle around major
axis of watermelon produced cylindrical disk. Th@#wne of watermelon was
estimated by the sum of all cylindrical disk volume

Tablel Related works in volume measurement of axi-symmeioject

Methods Moeba;iigd Accuracy
Disk [2] Watermelon 7.7%
Conical frustum [3] Egg 3.2%
Lemon 4.2%
Lime 6.7%
Tamarillo 4.4%
Modified conical frustun[17] Harr -1.8%°
Elliptic conical frustun{18]-[19] Orange 0.98%°
Lemon 0.96°
Lime 0.95%
Tangerin 0.95¢

@Average relative absolute error/difference
bAverage relative error
“Coefficient of determinatiorf)

Wang and Nguang [3] have designed low cost sepsmeasure volume of axi-
symmetric agriculture product, such as eggs, lembmes, and tamarilos. A
low cost image sensor was used to capture the irabgéject in black/white
mode. Gaussian filter was applied to captured imfagenoise removal and
followed by edges detection using gradient metfide object was modeled as
sum of elementary right conical frustums and ithinee was approximated by
the sum of all frustum volume. The top diameteittdro diameter, and height
of each frustum were determined from edges of thjeab. Du and Sun [17]
have modified conical frustum method to estimate ¥olume of ellipsoidal
ham. They assumed that ellipsoidal ham was the cfuright conical frustum
except its two end portions. The two end portiorsevmodeled as spherical
caps.

To increase the accuracy of conical frustum metltkdthjastehnazhandst al.
[18] and Omid,et al. [19] assumed the cross sections of conical fras!
elliptical. Two cameras were used to capture thagenof object in RGB color
space. After image acquisition background segmentatand image
enhancement were performed on these two imagesemove background
from the images, the RGB values of the images werepared with the RGB
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values of background, which have been stored in datgabase. Image
enhancement was used to remove slight shadows geddin background

segmentation. Information about the shadow histogneas used to correct the
images. Two perpendicular diameter of each crososewere obtained from

the two images and used to calculate the areaeofrtss section. The volume
of each frustum was determined using this areaalMmiume of the object was
estimated by summing them up.

2.2 Volume Measurement of Irregular Shape Object

Volume measurement for irregular shape object teen lwone by 3-D object
reconstruction. The 3-D object is reconstructedgisilhouettes of object from
multiple views. The volume of object is measurednfrreconstructed 3-D
object using either mathematical formulation ormdmng the number of voxel in
reconstructed 3-D object. Table 2 shows summamelated works in volume
measurement of irregular shape object.

Table2 Related works in volume measurement of irregulapstobject.

M ethods M easur ed obj ect Accuracy
Wire frame mode[1] Apple, cantaloupe, strawberi 2.59°
tomato 0.956
Space carving [20] Mango (SS size) 8.89%
Mango (S size) 9.96%
Mango (L size) 9.63%
Lofting [21] Granny Smith app 0.99:°
Red delicious app 0.99¢°
Meat 0.99:°
Volume intersectiol[6] Agglomerated mil 4.49%°

°Average relative absolute error/difference
Coefficient of determination

Lee, et al. [1] have proposed non destructive method to measatume of

irregular shape object using multiple silhouettégher 30 or 60 images of
object were taken from multiple views by a camend aotating object in a

fixed angular interval using a turntable. By assuym0.5 second is needed to
capture one image then at least 15 seconds arechéadcapturing image. This
process is time consuming. The captured images wee segmented to
separate object from background using thresholdodetThreshold value was
determined either manually by user or automaticaing image histogram.
Eight-neighborhood clockwise boundary tracking veeveloped and imple-

mented to produce 2-D object contours. Based on teater line and angular
position, 2-D object contours were then converted34D and assembled to
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construct 3-D wire frame model. Linear interpolatiovas applied to
corresponding boundary points from two adjacenttmams. Mathematical
formulation was built from 3-D wire frame modeldpproximate the volume of
object.

Chalidabhongseet al [20] have developed vision system to measure miang
volume. Four cameras were used to image acquisdiwh stored in RGB

format. A camera captured image from the top okecbpnd three cameras
captured image from surrounding object. Camerabition was performed

before image acquisition to obtain intrinsic andriesic cameras parameters.
Some images were selected and segmented manu@B .vRlues of object in

image sample were used to obtain hue value andtibjeue surface model.
Object and background were segmented using objbagssurface model and
chromaticity similarity, followed by closing and eming morphological

operations to form silhouette. 3-D object recortdtom was done with space
carving based on object silhouettes and cameramgheas. The volume of
object was estimated by counting the number of hixeeconstructed 3-D

object.

Gofi, et al. [21] have proposed volume measurement of irregidadstuffs
using three-dimensional reconstruction based oarsevengineering technique.
Object was sliced into 10-18 slices along seleatas before image acquisition.
The images of object cross section were capturaeh §liced object slice by
slice. This process is time consuming and consilee destructive. Median
filter was used to enhance image quality after eoied original RGB image to
gray scale format. Image was segmented using thicksfalue which obtained
by analyzing gray scale image histogram and thenttay of object was
detected. Interpolation of a subset of boundarglpiky closed B-spline curve
was used to make continuous approximation to therelie boundary of binary
images. B-spline curves were correctly assemblédgusfting technique. A
closed Non-Uniform Rational B-Spline (NURBS) sudagvas constructed
through B-spline cross section curves. The regultsurface was then
transformed into a 3D solid object. A Finite Elemnéfethod (FEM) approach
was developed to estimate volume of reconstructejgch A mesh was
generated using curved mesh elements and Delaulgayitm. Gaussian
integration 4th order was used over all domain®litain estimated volume
values.

Castillo-Castaneda and Turchiuli [6] have presenteeéthodology and
experimental result about volume estimation of &rpalticles using three-
dimensional reconstruction from multiple views. Yhesed the same technique
using by Leeet al.[1] for image acquisition. Thresholding was usedxtract
object silhouette from image. Two dimensional caweites of each silhouette
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were used to describe three dimensional coordivfatiee points that belong to
the projection plane. The coordinates of partialure were generated by
translations that are normal to projection plange Total volume was given by
intersection of partial volume and the volume ofesb was approximated by
counting the number of voxels belonging to thersgetions.

3 Monte Carlo Method

Monte Carlo method is a numerical method for sguimathematical problems
by simulation of random variables. The name MorgglcCis taken from a city
in the Principality of Monaco that famous with é@sino. This is because one of
the simplest mechanical devices to generate randomber is the roulette
wheel in the casino [23]. The invention of gameslwince whose behavior and
outcome can be used to some interesting phenongemtizei essence of the
method. The name Monte Carlo was firstly used ahemaatical method in the
1940s, by scientist who developed nuclear weapohss Alamos [24].

Figurel Area approximation using Monte Carlo Method.

The simplest application of Monte Carlo methochis determination of the area
of arbitrary plane. Suppose an arbitrary pl&is completely contained in a
square §, b]x[c, d], as shown in Figure 1. Monte Carlo algorithm tidain the
area ofSis as follows [23], [25]:

1. Generate N random points in the square. Two randoembersx andy in
the ranged, b] and [, d] respectively are used to generate coordinates of
point in the square. The larger N the more accuapggoximation of the
area is obtained.

2. Calculate the number of points that fall insilend indicate ail,.

3. Approximate the area &by (b —a)(d —c)Ny/N.



8 Joko Siswantoro, ef al.

Monte Carlo method is computationally effective hoet compared with
deterministic method in solving multidimensionablplems [24]. Monte Carlo
method has been widely used to solve both mathesnatid real problems,
such as multidimensional integral, linear equatinanlinear equation, eigen
value problem, boundary value problem, integral atigms, path integral,
operations research, transport modeling in semigctiods and nanowires,
radiation transport, statistical physics and chamiswclear physics, traffic
pattern modeling, and economics [24]-[26].

4 Proposed Algorithm

The computer vision system used to implement thkime measurement
algorithm consists of hardware and software. Thelware is developed to
simulate volume measurement of irregular shape cobpuch that the
measurement similar to real production line. ThelWare structure consists of
five cameras, light source, conveyor belt, and greakcomputer, as shown in
Figure 2. One camera is located on the top of okybde four cameras located
on surrounding object. The cameras are connectecbitgputer using USB
cable. Personal computer is used to process adguirages using developed
software. Measured object moves on conveyor beingumages acquisition.
The conveyor belt uses black color and is equippigd black background on
both sides. Black background is chosen in ordesitaplify segmentation
process. Room light locating on the top of convegarsed as light source.

The software is developed to process the imagesbg#ct and to perform
volume measurement using information extracted fppotessed images. The
main processing step for volume measurement censfstamera calibration,
image acquisition, image enhancement, image segt@mt and volume
measurement based on Monte Carlo method, as showigure 3. Camera
calibration is used to determine intrinsic and iesic cameras parameters.
Intrinsic camera parameters consist of focal lemgthandy directionf, andfy;
and the center of image( c,), while extrinsic camera parameter consist of
rotation matrix R and translation vectort. These parameters are used in
bounding box construction and to project pointaalrworld coordinate system
into image coordinate system. Zhang's method [24]ded to perform camera
calibration. A flat chessboard patter is used dibredion object. Ten images of
chessboard pattern are taken from ten differemivyviéo estimate intrinsic
camera parameters while one image is taken to airaxtrinsic camera
parameters. In estimating extrinsic camera parasietdessboard pattern is
located at conveyor belt and assumed lie on ptan@ in real world coordinate
system.
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Figure2 The hardware of computer vision for volume meas@mm
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Figure 3 The main processing step for volume measurement.

Image acquisition is performed using five calibdateameras to capture object
from the top and surrounding of object. The imagksbject are captured in
certain time interval in RGB color space while abjere moving on the
conveyor belt at predefined speed. Image enhandamparformed to improve
image quality by removing noise and increasing iastt The images are firstly
transformed to gray scale before image enhanceriahanced images are then
segmented to extract the silhouettes of object frbatkground. Image
thresholding is performed to segment the imagesbggct. Iterative procedure
[28] is used to determine threshold valuautomatically. A pixel in grayscale
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image with intensity greater thah is assigned as object pixel (white) with
binary value 1 and otherwise as background pixelck) with binary value 0.
Morphological opening and closing are used to resnavhite spot in
background and black spot in object respectiveljre Tresult of image
segmentation step is silhouette of object.

To perform volume measurement using Monte Carldotea bounding box in
real world coordinate system is firstly createde Hounding box is constructed
from the silhouettes of object and camera parameserch that the object is
completely contained in the box. The bounding megla for silhouette of object
from top view is re-projected onto a plane z located under the object in real
world coordinate system. This plane is the loweurtbof bounding box iz
direction. From re-projected bounding rectangle, ltwer and upper bound of
bounding box inx andy direction are determined. Suppose the lower apeup
bound of bounding box ix andy directions arex, X,, ¥, andy,. The upper
bound of bounding box, is obtained by re-projected the middle top of
bounding rectangle for silhouette of object frome @f side view onto one of
planex = x, X=X, Y =V, ory =Y, in real world coordinate system that closest
to the point. The algorithm proposed by Siswantetoal [29] is used to re-
project point and bounding rectangle in silhouett#o real world coordinate
system. The illustration of bounding box constmietis shown in Figure 4.

To generate 3-D random points inside bounding boee independent random
numbers,x, y, and z uniformly distributed on ¥, %], [V, Y., and [, z]
respectively are generateéd times. Therefore, 3-D random poirk, §, 2) is
uniformly distributed on the box. Each 3-D randoainp is then projected onto
all images using corresponding camera paramefeal.projected points of a 3-
D random point fall inside the silhouettes (whii@e) then the original 3-D
random point is considered as a point in the obfetherwise, it is considered
as a point in outside of the object. Supplgés the number of random points in
the object then the volumeéof the object is approximated by:

V=(5-x)(%- (7= e )
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Figure4 The illustration of bounding box construction.

Since proposed algorithm only uses five image ofeabtaken from five
different views then in performing Monte Carlo, riaes possibility that a 3-D
point located outside the object will be recognizasl object point. As a
consequence the result of volume measurement wilgteater than actual
volume. Therefore to obtain accurate result, messant adjustment is
provided. The amount of measurement adjustment ndispen the type of
measured object. Algorithm 1 explains volume meam@nt based on Monte
Carlo method from the silhouette of object.

Algorithm 1 Algorithm to perform volume measurement based oantéd Carlo
method.

Input: silhouettes of objecs;, S, S, Sy, S; camera parameteBP;, CP,, CP;, CP;,
CPs; bounds of bounding bax, x,, Vi, Yu, 2, Z, number of random poiM; number of
view M, measurement adjustmet;.

Output: volume of object V

No € 0
forifrom 1toN
x €& GenerateUniformRandom(x,)
y € GenerateUniformRandom(y,)
z & GenerateUniformRandomy(z,)
f€<1
for jfrom1toM
(x_im,y_im) < ProjectToSilhouette(y, z, §, CP)
fi € GetBinaryValue§, x_im, y_im)
f <
end for
No € No+f
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end for
V € adi (X —X)*(Yu —¥1)*(z — 2)* No/N

5 Simulation

The experiment to validate proposed algorithm isrently carried out in
laboratory using food products with irregular shapeh as mango, apple, and
tomato. For initial study in validating proposeda@ithm, a simulation has been
done in laboratory using the image of ball. Fivaga of ball with radius 3.68
cm acquired using five calibrated web cameras weeel in the simulation, as
shown in Figure 5. The computer used for the sitrarlawas a 3.00 GHz
Pentium(R) Dual-Core personal computer with 2.00 &M and Windows 7
operating system. Proposed algorithm was implendemeVisual C++ 2010
using Open Source Computer Vision Library OpenCVZR].

Figure5 The images of ball used in simulation.

Acquired images were then processed to obtainigities of object and used to
construct bounding box of object, as shown in Fgbrand Figure 7. In this
simulation the volume of object was measured 10@esi using proposed
algorithm with the number of generated random mofd) 1¢%, 1%, 1¢f, 2x1d,
3x10, 4x1d, 5x1d, 6x1d, 7x1d, 8x1d, 9x1d, and 16. The accuracy of
volume measurement result was assessed by competinghe exact volume
of ball using absolute relative error, while coetnt of variation (CV) was
used to measure the precision of volume measurerasult. Absolute relative
error and CV were calculated using the followingatpns

. -V

absolute relative error L/EX“‘—MM' x 10C 2
Exact

cv =S998V 5694 3)

mean
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where Ve, IS exact volume of ballyyy is volume measured using proposed
algorithm, std.devand mean are standard deviation and mearvyf from
100 measurements. In this simulation, comparisdh space carving [20] was
performed to compare measurement accuracy andgsiaogetime. The method
was chosen for comparison because it used almmBasexperimental setup.

Figure6 The silhouettes of object.

Figure7 Constructed bounding box.

6 Result and Discussion

Volume measurement result using proposed algorittgether with absolute
relative error, CV, and processing time are taledlém Table 3. The exact value
of ball volume used in this simulation is 208.75°cffihe simulation result
shows that increasing the number of random poifs sed in volume
measurement will increase volume measurement ancufdis can be shown
by decreasing mean absolute relative errdN iincreases. This result agrees
with the basic principle in Monte Carlo method,tthi@e approximation using
Monte Carlo method will be convergent to exact edlor N sufficiently large
[26].
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For N greater than or equal to 10000 points mean alesoélative error was
less than 1% compared to exact volume, while CV lgas than 1% folN
greater than or equal to 20000 points. Finally, Kbequal to 100000 point
proposed algorithm produce mean absolute relative 6.36% and CV 0.32%.
This result shows that proposed algorithm can perfgolume measurement
with high accuracy and precision. Mean processimg tvas less than 0.80 sec
for all N with maximum processing time was 1.87 sec occuioed = 100000.

In comparison with space carving method, by divideminding box into

100000 voxels the result of volume measurementgusjpace carving was
235.04 cm with absolute relative error 12.59%. Mean procggsime for 100

times measurement was 20.20 sec with maximum psiogesime was 23.49
sec. Therefore, volume measurement using propdgedtbm is more accurate
compared with volume measurement using space cpmiethod. Moreover
processing time for volume measurement using pexpadgorithm is faster
than space carving method.

Table3 Volumemeasurement result using proposed algorithm.

Mean

e v ooy SO0 preesrg
1000 209.82 2.92 3.43 0.53

10000 209.07 0.85 1.08 0.57

20000 209.54 0.76 0.87 0.65

30000 209.74 0.65 0.64 0.63

40000 209.49 0.57 0.63 0.68

50000 209.49 0.54 0.54 0.68

60000 209.54 0.49 0.48 0.79

70000 209.48 0.44 0.39 0.71

80000 209.43 0.41 0.37 0.75

90000 209.49 0.40 0.34 0.70

100000 209.40 0.36 0.32 0.73

7 Conclusion

In this paper, volume measurement algorithm faegatar shape object using
computer vision based on Monte Carlo method isemtesl. The computer
vision system used to implement the algorithm ciesiof hardware and
software. The hardware is developed to simulataurgael measurement of
irregular shape object such that the measuremerilasito real production line.
The software is developed to process the imagesbgct and to perform
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volume measurement using information extracted frprocessed images.
Simulation results using five images of ball takesing five calibrated web
cameras from different views show that proposedréalyn produced mean
absolute relative error 0.36% and CV 0.34% for ihenber of random points
100000 with mean processing time less than 0.80 Ideceover, proposed
algorithm is more accurate and faster compared witume measurement
using space carving method. Therefore it is expettiat volume measurement
using Monte Carlo method can reduce computatione tim volume
measurement of irregular shape object and can hgeinented in real
production line.
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