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Ol 383 oil 5 S L s JLid il (03 (5 pSojll
i ol 3l g cb S ol ) Bl )5 00 gan Jlws p 2 Slyis
Sl gl )8 oolaal o £ 9 59515 (2L dnlne
Fgyd Sl S g Ol o 2 pasdi Uag) €83 )y g
iy g So Ll mls 5 18 )5 Gilejl 5,90
el L o sl ciblhe p > pasils (Bg) gbd A8 dulie
aipp o Sl e ol blje 5l (i 2 miwee )
Db £ g land 03gaxe )3 (59515 (6503l bl el
Lol

Ol bl Jae 5 690,850 Lo 00 (59,315
Liwgey gy Loy 0l (991, (6 pSojlul LI g Lo
oy i 3y90 Cle &y oleg Jgeamo LT 4558 s g 0
5 Jbm 099> SBlaol Joe 4y w5 3k 5915 4 b sl
S9-S5 By D9 &S by ply > Sl Cunglie ax >
g b il G (SWasl slagys wbe il Jlw
52 28155 5 3,50 (6 i (555

@ sl o 55 lojen yobodr (595115 g sy (g S ol
(Sd5—s dld..ily.wl <SS Cygm > J«:L.o S L;a:li'.’.wa 995;& ():’.l
bk (VYY) HhKan 5 Park lwes 5gr loj yS03lil sl Jae
L (g Az 4S8 bl e 5l 4 olRiod IS ) D
45 Slej e 5 gdion o) Jlw (9)0 4 pasedie gladiply
Lo Jae Lo 3538 o (b Sl 3399 |y (g el oo
A>g L S o um Lmu)ﬁw i g g g 035 d)jb)].)al
Wpnsld 9 59515 ke Lagyjm dipild g Cas s (139 paSdio &
olKwd oyl L s o et S gl ol 1 o0l b Jlow
Sl g Qi 9> Ll (s SVl sl |y ateails 9 55515
28 (S Ol e i A b (g e SVl
Slacinge ag wca ) pra pasdS () Sl eslitel b
Cowilg o aS 05 b (Vo WY) o)) 5 Shin Lwgs s
S odgie |y (Dot g (e SVl g9 93 » 5915
slogwca ) By mwce ) il 2 S G Ghn 25 )
oSl olej dn Camd Sl p iy Sl (05 0j101 oo



YA e sian cmas a5 3 ol omiblo 31 00liiunl b Loys 0 yaid (59 51,5 (o

S balgy ol 2 gl oo Jlw )3 (55 (slaland CuBige e
Sg-ad dwlona |y Sl (59,505 Loled 5 (595 3 o po 3290
.(Kono et al. 2015)

Joliie slaylnl U as cusl o8 siods ladiges o> 25
S0 9pS @xSeilul )8 s pSeiluilly (598l plgs oo
o Ly Sl S il (o )3 oigy 53 sl 350 (]
ol &S0l Gl g A5 4S54 pgal Sl he) SeSTL )
B3 o Caddy (B W90l $91)5 (6 S0jNl 53 (a9t 83 (g,
(Kimetal., 2017)

Ol Blgi o j (Bl aw Sy 59y p Sl B S 0920
Nassiri ) 5,5 1,8 edlawl 5y90 Jhaw (£951,5 pand Cap> (6)kmo
ole) & S gaw Ol a8 o0l lis o )y (et al, 2013
slad (5:0ko L) (595 )l (Stod oy b (b dlasly S
ol @lo 59515 @b dladly cpl g A8 (o0 (S9pm (03 VIV (oo
Colue Glyass &y g odlatwl LB Sl bodly Jdow ¢ 4500
O adaily Cplpl g oliws gl IS dally (e sl o
Sl Ui g 45 ()0 @le gaw Sl 255 9 6ol 59515
Ll 55518 sl 5 Uy s b ool dlaly S,
B9y ol M B (eSS 20 WY (g slad (xS0Le L )
g Oy (5 pSojlul g aw SS9y p @l GoRy I 4
S e 0l 1y (69515 palie ol 5 S5, (6 S0l ISl

2 pobas (i1 5l edlatul 3)90 53 (1pST &S ola gy )
g @l JJ U conl jlo plizman Cosl 0ud plosil (69315 (s
(S50, (6550351 1Sl > a4 5 36 (612 ppiges dalllas
O by oy gl ol Baa IS (& al B ) wle
i Jbe plepopd b 5l & cwl pglai Sl oa Sk
Olg Loyd 0568 (So3elghy )l b sillad © 90y g 0l gl St
3 Slae (il y 0gMe 2905 ool (69,015 (1055 (sl ol
Loy 0y (S35 sloyiall o 5 il e )3 (oas 4SS
DyS e B osn 290 3

W95 9 319

Sy 5l Gl 390 Jlw olgicds oad odlitul loys o,
o=l 0 ead edlawl clinsd g piled s A G op boys
LVDV-) 0 LaSsp miwcesj) olfiws 1l adg &ylue Gaios
WNB 22 Memmert) o plas oK (LS, 5ol d1+PRO
z9—59 L Canon IXUS 960IS CDD) Jbuzws cpygd o bl
0,5 SU-105IP SAMWON ENG) cliwge y o JuuSoKo VY
S5 L i laciall 5 (o5 ATAGO) ogiS13) (g
.CJ]9 Yoo

9 S oS yed bl (S05glg) 18) (o p
2 48 Cuol 0uds ool AiaS gy id > piwce ) 5l do 3 0y
Y 3 aeliss 5 oLl oleS ges b (2 0005 il 58
0 (cmyy 3y S Sl 40 00 5 ¥O O VO slaled g pdaw
Seiwdpand 8, Los 0,0 g 1S ped slabglie don ol
5ol Gl ot (p3Sole (g2 ok g baled den )3 (g pé
(Razavi et al., 2007)

oid Jlosl 59y (o p=Sojlusl jl odlatul b w93
5 59 g a8 (oo S gy Juw )] by by
S SO gl gy .48 sy (Noel et al., 2011) S
SrS0lasl 35 poabgd Jlw (b2 ye y> o5 Wil (slaslgia]
3j9= (ot 9 (Fow S mdix (lp e P ool M
Ll s950),5 o390 45 _Bigw ¥l (sl 288 )3 Linles]
Gplie by Jad & ygody olSiwd Clgs 39y (+/++V=+/+\ Pas)
Gl g ccily coillae 7 sal Cunds (50 sl jrogs, I &S
Ol Gy Ol b gy Slynsl 4 i b ((Sg e SVl
S8 e whlS ) Jhn £ 4 dtly 69515 (s LS

5 S oy pelsl o 9915 S ojlal iy el
g Jbw & (o5 G5 Jlesl b g wlosd (2l (91,5 adgl e,
95 Lol S (o (3 1) 9515 s o Dy (g5 01l
i 0958 o1 99,5 )15 ) 3590 0 6,500 3 | Wl oo
So 8 Sy oal ool el gyl 53 Jlow by g JSS
28 oy 98lS Qg conl Jlw 60 (S

503l b 6955 (S0l padta pd (sla b,
aily (69,515 L (s JoB daily o5 cal lgal ol el
oL Ol L sk 90 @be 9,505 Jle plgie e il
9 423 e U5 (soudinn dlasl) yiagll £ v zge Jobo 5> i pold
S9-lS Sl cue (adlh plyisa Ml e oy ool W
(Wang et al., 2016) 5,.5 ,|,8 sdlawl 5y50 Jolus 4950 o

Jio o plual cS o (a5 cage Jhw (59515 &5 Lol
calaly ol o35 bk a angi bg 2980 Jbw (19> S
oo 3o pobody 55 Jlow 33 y9ebsé pur S Sl lys
L'L 5 (Kheloufi et al., 2015) 3903 (5,50;5l01 1y (5951,5 )l5s0
S b b ppgal g mle (90 laded o5 o (25 )
lyasle 9,515 Glasime Vb Caows & mlo 0)lad 5y 5L 1 5L
(Jung et al., 2015) 55" ¢ .50l

paFde (oL condimapd Sahe) (i 35 Cuenl
Pg—ed 6350ty 69,15 Bl Jolte (sla)ll L &S 390
ey 3l o3l U lie pal (ggp0lS (s piSosll Jko ogicas
e oSl a3l S90S )Sa b bsi Jls )3 g5
9oL Co b b ppgal jlooliial b & cui cudy Adles



1YY 090 Jluwoas ¥ 0 jlosds A alor (55595 Wocmitlo 4y pii YV Y

OPS st g (NS'M?) Jls ply 8 asli k o] o o
029l Candds sl cplpli 3l o (4 Gab) by S8, L ol
b o5 sodly Wb by LB (adls g pled jadls polie
9 oS sloodly @)L L g o) olide S > 0 £ 9
eSS Cle ol 53335 ma i (Jgesme Sliaiie S 53 )8
Iaeo 5l 25 plsh padls w80 g bad o by L) asls
RPIRVAPES

 Jlws 59515 Llgise K g N jslio (05l casdas b ol ol
9 ip O | (pasuie dlely 3 WS (o Cumi Gly (9B I &S
b 48 3905 ade g (ot 9955 dlne (3 £
(Razavi, 2006) cuol (e pe b (Sas

=29 ol palas (il (S sl p3Y gl ans cu
Ve BYe odgaone & calisee slacdale o loys oy (ojsy JS0
i gyl Se )8 Sl a3 S LY Sl Ly B g Sy dad
by oS (A5 (it 93 Jold pjlsd dsgerme jolate
Sl podaioan V JS) 15 b le 5 (b (o) p S
9 1S Slyass s 3 5 e Ly Logs 008 5 ol
A5 Sl s @le (e JS Slbl sl

O

ew,' 5 m:... L

AP NCRN

O™9° )‘)m‘ wa

d92g0 gt i) ol jl lo 3 0yl (69315 (g5 0jlul sl

sy b oot wl 5l oSl e Lwdige isw g
lalgil il 5l Sliolesl ol )5 ka5 3560 (£9,31,5 039d5xe
$9-1)5 hde wlSiwy (pl Sisled .l edlaiw] iwee 3 olSiwd
Ol ) (Slhgd sy pbldaSS sl b 390 p5liiS
gy oad a3l gy llas ‘59);")5 $So3lsl gl UL
2259 A5y i Sy 09 Loy 0l J o Hlde kil 0855
Sdo 4y loys 0pud b 03l 1,8 Ol plas 49,0 ¢ s J olKiwd
g loyd 0y bl dad (slod U a3 4a3 5y90 (glod jd 48> V-
w3 ol yupw cudS Jolxio g Ldpd Jlipuol (puisrod
Syl Jade <l B 0,8 e gy i 3y90 (Slygd Cas iy
o5 5 6y 5 sy Jolas 2l &y (59,315 alio &S o 5l amy
dle (5 £ 9 (b OIS palde § C8)5 plol il oaalia
b i e daly do B 0y ales Gl OVl 5l ade > L0

)

logz =logk +n Iog(g—;) ()

S9lS omm o (3D il 5k g ol JSs Y S8

Fig.2. The origional view and the drawing of the internal components of the viscosity measurement setup
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Fig. 4. The blue component histogram of the image taken from the fluid flow
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Fig. 5. Cross section width of the falling flow as the extracted feature from the image
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Table 1- Fluid flow behavior index and consistency index at different concentration levels

K(Pa.sn) n L°= (U‘&)‘f 4@)3) m )
Temperature (°C)  Concentration (degree brix)
0.12 1.48 30 20
0.13 1.55 30 30
0.44 1.36 30 40
3.22 0.96 30 50
30.15 0.7 30 60
15785 051 30 70
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Table 2- Final neural networks after cross validation

Snod ) S Ui b Kle SiPng 4j9) da! aje) S
coefficient of corrolation mean validation error  Topology  Orifice Dimension (mm)  Orifice shape
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Fig. 8. Matching the actual data and viscosity determination model
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Introduction

Science of rheology has numerous applications in various fields of the food industry such as process
assessment, acceptance of products and sales. Fluid behavior changes during processing due to an adverse
change in the consistency and due to the combined operations such as mixing, heating, cooling, etc. In this
regard, viscosity is an important factor for quality assessment in most of the materials. To measure the viscosity,
Viscometer devices are used which are directly in contact with the material. Working with these devices is time
consuming, costly, under the influence of human factors and in some cases periodic calibration is required.

Materials and Methods

Date syrup was used as a viscous material in this study because it industrially is produced. An apparatus
including a reservoir with an outlet orifice at the bottom was made to provide free flow of the liquid. Two sets of
circular and rectangular orifices with different dimensions were used to investigate the effect of the orifice
characteristics on the shape of the flow. Firstly, date syrup viscosity was measured by a conventional viscometer
at 5 temperature levels and 6 concentration levels and behavior of the syrup were studied. Free flow of date
syrup was photographed in the aforementioned temperatures and concentrations. On the other hand extracted
features from the images were used as inputs to the neural network to give outputs as a fluid flow behavior index
and consistency index. Measurement data were divided to three sets including training, validation and test sets
whereas 70% of the data were used for training the neural networks, 15% as the validation set and 15% for
testing the networks.

Results and Discussion

Results showed that similar to most of the liquids, viscosity of date syrup decreases when temperature
increases. The experiments also revealed that the date syrup behavior is expressible with power law and can be
determined using power equation. Date syrup has different behavior at different concentration levels. It changes
from a pseudoplastic liquid to a Newtonian and then a dilatant liquid when concentration increases. Flow
behavior index and consistency index corresponding to all three behavior of the fluid were determined. Results
showed that the neural networks were able to accurately estimate the behavior and consistency indices with
coefficient of correlations up to 0.99. Networks with three hidden layers were completely suitable for the
estimation of the indices. These results revealed that in spite of different behavior of the liquid ranged from
pseudoplastic to dilatant, the method was still able to determine the apparent viscosity of the fluid. Although the
circular orifices were more efficient in determination of the indices than the rectangular orifices, there was not a
significant difference between the uses of circular or rectangular orifices as well as no significant different
between the orifices with different dimensions. The correlation between the actual and estimated values for fluid
flow behavior index and consistency index was 0.98 whereas the mean square error of the validation sets was
about 0.0138 which showed the accuracy of the method.

Conclusions

In this study a new method of viscosity determination was proposed. Machine vision was employed to
estimate the viscosity based on the visual characteristics of the fluid free flow. Date syrup as a liquid with
different rheological behaviors was used to assess the performance of the method. The strong correlation
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between the extracted features and fluid flow behavior index as well as a consistency index proved the reliability
and accuracy of the method for viscosity estimation.
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