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Abstract- In the last decade, several convolutional networks have been developed for the semantic segmentation,
which have shown excellent performance in recognizing and labeling objects in images. Most of these networks
involve large-scale architectures that can detect tens or hundreds of predefined classes. With the exception of
fully convolutional networks, most applications use architectures that, after convolutional layers, use a common
classifier to classify the extracted features. In this paper, the method of converting a network, which as classifier,
has two flatten and dense layers (fully connected), to a fully convolutional network is described. The main
advantage of this method is the ability to work on inputs of variable size and produce an output map instead of a
number, which is the advantage of fully convolutional networks. Newer models of the Deep Learning area
generally use training images in which areas of interest are determined by masks; but in the proposed method
only labeled images are given to the network. The details of the proposed method are expressed in the form of a
new problem of classification of boards with calligraphy of Shekasteh-Nastaliq and Suls, and classification of
apple leaf diseases (as two-class problems) and the problem of identifying hand written Persian digits. For this
purpose, first a convolutional network with the last fully connected layer is designed and trained for square
images. Then a new fully convolutional model is defined based on the previous model and the weights of the
previous model are fed to the new model. The only difference between the two models is in the last layer, but the
new model will be able to work on input images of any size. Experimental results show the efficiency of the
proposed approach.

Keywords- Deep Learning, Convolutional Neural Networks, Image Classification, Object Detection, MultiLayer
Perceptron.
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Total params: 93,962

WY L Jgone oo (ol 450l G il (e i il
S8 ol sl 098 o 00ls Soige] g 00ges oloul saids (5]
Sl WYA 927 FVolawi b ool g 4y pdomn YV L oS S
0l By i o 0dld I8 s hdises Y S S o 5l am aS
JBs Y G Ll o ( obVWYA mhass sa0Y S5 ey el
(5‘)'.’ Agod Of. .- R ral.?u‘ ‘) C;..\.».::-\.n...]a J.o& u_il.':'oo
Joe ol Sl Cud (gl digai £0 0 0 g o liiel g b jge]
<Y g03l slaosls (55, p Joe CBs o ools bjeel SOl e
saalip ;o 5 Sloj g (oieel Jlg, slas Jloges .l oo
P8 45T 50 545 a5 30 i (] a5 abogs o
stz pled 4 B phon Joe o ol S5 05l e
¥ sz 50 ol slayelly 5 e cizn Joe aodls ool
Joe slagysy wlely oz sioy pled Joo .ol ol
gl dlml L sle o o 555 0e by 5 3sd o e
iz pled Joe ol boads ools (3500l B phomy Joe
09 5 63359 o3Il et b (a9 a5 Dol (al b i (SO
S5l Geal S5y 2 Joe szl sases aslsl jo all e lls
A0 > TATOXA Y slal b o8 s8] gol> (gaiigicaws
o3l b (63959 poal b clite (iomg pled W Jow
Al as o ciomn Y 3Tl sael B Jgaz 0 VYOXA Y

A

Total params: 93,962

GBS wl JBa- iz Jyene sla oo sl ooliiul & 50,
Joe Lol ogds ools Jaw 4y g 0ads zlmeinl Ko oo, b pgas
LS )1 Glojlasl jo b s pgad 1 59, Wi oo (o plos
49 ! oslail vguz 0 paal o LS gojlul a5 B3yl
Cewd 1y (97 @l Wil oo wpaz Jae 3l (35900 slas
GBS 2 g yho ez biog)S A e S5 p Jlo cnl o 0
) st ol a5 () VY s e 54 3,5 ol
SUS R Seog)S A st BT Fipby, (>l aed o LS
Olom LS ») o 05,5 4 s ti Bl Jord (>lsi g (llo
@ W IS8 o ol paal g5, p addl ol CBS a6l
Sga U 04 oo alaxdo a5 4555 lad .l 00l ool ioles
hasis o sy (goaiS patine Soys (>l b
sk Wlesgs ilisa sblys b oSy g ol o a5 v
2ldlesls Jlgy 5o wiloass ags ol laie G 5l ase bjgel
2 (8l g 5l ezmen) o glo o @S (bjsel sl

ol oy Jlosl (83501 yslas s,

o pled Joo b (o)l o)l (gusvadlo Y - ¥
L iz g 03T b U Jls 9o 0 oolitul 9,50 Jus
ol 50 ol A g0 anail el dags VX)X o5l
LYY Gan (o 6 B, Bols dcgommo (55, 45 (sogou i
Omled el jo Gas il oo aib 00 lhls a5 W purles>



\f’\ JL“")LQH‘\ O)Lou:)s\\ «)J}

(JSCIT) wledbl (5,5Ls g p 5 il cagh— sole dlxs

o g0 —F

3 i o)l gl (clie Yl s Groe 2S00
S50k pgm e slo Joo Sl 005 ool 2 dle liw 059>
Soles )0 g (AdPl) (siomn Y wx p (e s
L g e sladae cnl 5l dllie cpl )3 aitus anadl (sla)ay
So o o9 Ll cnl o 0l 03 b S8 piomy lee
caY Sl ks Gl anail Y oS JBRo- oy 4SS
plod oS @ el ol LS5 JBs Y S g o
i pame Joe lal 38 by leo )8 SO L chay
Sy e D30 03l Gajgal (SBjsel glaosls g9) » S8
e SalS svails s o JSa chomn Joe b alie Joo
Jae 05 g0 53Rl sl o (pge (cdamy saY S L
@ B JBa- st oo slags olew b (ciom pled o
B9 Joo 4 Jol Jao slagjg (o8 (e sognd b B
2k e Doz JLlg Gl b ke el sasly o
Ailgd oo ,Lligi 1l )o G 0,90 (g, el oal ooy )8 o s
30 oy Sloools dcgezmo | colaiul ol o Saly lgie

Gloodls  dcgazme W5 00p LG Ges 6 50L
)" solazw! L,‘.:.L:Le A Al S92 g0 (S)L.t.m.} Lgoo)‘g,\.m.?).g

sty pozes bl i)l 1) Gooe 653k wox slaass
LS Ql.in‘ Laid ool oole] Joe X u_aL.aLw: (039> P goand
3,00 1) (eig0] sladiges b olail po) coli (sojlasl b slasdg,g
Sl Gees 6550k 055> W sladae 5l (S n Bk
Oygo 4 Ll o Bas lodl sasl a5 aiien jgel slasols
5 a5 SBBols dcgeze jo a5 raiil ould (g la5CLde o
S5 4 S5 5, e bogos cwilonds wald 5 ceusd slaig,
w‘ o Coo S)90 )Lib‘)l). NG PR lbL?u‘ )'.’.5"4" PLIgT sL»...)‘
acgorne | o3litul (youd (g o0 ARDAS &1 (e 4 Ly
9y » S Cdb Jas gy gladae 5 Ghjsel ol
>l ailgiy g el asilo 1y o Slee colBojlail yo b ologog )9
powyo sl Jaw g oslo b suasas sla il 5l ool ISl 0guis
o)
i pled 4 JBa- domn loaSiil Lo gegms o
L slosogyy boonds baws aSs sl eolatwl cublB oles

590l palas ojlasl 5l 51,8 ol jlal

Gaaib 550 oS olaad b Bl aS s)ls Ve Ll
oty 2l plial 45 Sl s () VF S e
T ) g ool Al 4y pgal cpl STaes o plis ) piae
ol — 03,00 51 G o b ,bloe - VOV )Y olal b s V-

" :"\)

gl ot g Oyt |5 35 S0k Jerkn F
VYDl —VosDo=-Yo AVilhks =Ko T =Wy

=FAEPY=AY: _¥osYoAo = %0 yyovy: V. —Vo=- Yo
()

(>)

| st g 05 ot |5 5 WA ks o
AR L F Moz Bo==-Yo _AvivAS-A._f; N\ |
=FAVHPV-AY: cfea Yoo Ao = <%0 pyovis v Vo =~ Yo
@

N oread 69y 2V by b by (2ly oluld (29,5 IF SO
S dole SO alds (@) 59959 rgad (W) pidd L8L, (&5 5 SO
o9y Pl 160959 redl 9y 2 SR pld 4l Jles!
A (795 Gillas &F Wity guai I e GouiS (i
S5y Aty el (2) el adld 3929 ¥ due 8l § Jlesis 4 il 4o

GO i gy (Pl §0L) 999> B 153959 pgal 695
poai oV o8y Al (o jo a5 gy Bl oves Ldidwd VY dus

Y ooue wiilo cailedgs ¥ aslio (gogus U oy

S am3 oo oL [,V o8, b Jblite (gasdl (29,5 () VT S
S8 Sl VDS e iy 3las Jlaio | (pme 4y 5000, LS
Olas |y adsl ngal 59, » ) gadd (nl Bl (@) VY
Voad, b lad e >l odas 09d oo 0000 a5 45gF Lo 020 o0
sae aiile bl 2 and] wiloads Slolid Jos b oss 4
iloads oluls Vo lgie 4y oliil a4 oo ¥

53 o el ol sl e led (Jsl 38 50
Sldas 51 ool b sl j2n o, Slolid man 58,150
@boled pB)l s g 00 glpSeal LI o oB5lop i
S iSl L (e sl ol gl B3l n G ez Nsd
Soged iz Lol el joade Sy 4 pgal Bl g G390
S9zge gl 33 Jol 0 )5 95 sladiged 53l (sl (il o
O 50 Wl e soliay by wBbe 4 aled>ely 5 s
il LaKal, bl



sk el Sy

Transactions on Pattern Analysis and Machine Intelligence, vol.39,
no.6, pp.1137-1149, 2017.

K. He, G. Gkioxari, P. Dollar, and R. Girshick, “Mask RCNN,”
IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol.42, no.2, pp.386-397, 2020.

J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You only look
once: Unified, real-time object detection,” in 2016 IEEE Conference
on Computer Vision and Pattern Recognition (CVPR), pp.779-788,
2016.

[9] J. Redmon and A. Farhadi, “Y0lo9000: Better, faster, stronger,”
CVPR, 2017.

V. Badrinarayanan, A. Kendall, and R. Cipolla, “SegNet: A
Deep Convolutional Encoder-Decoder Architecture for Image
Segmentation,” |EEE Transactions on Pattern Analysis and
Machine Intelligence, vol.39, no.12, pp.2481-2495, 2017.

N. Silberman, D. Hoiem, P. Kohli, and R. Fergus, “Indoor
segmentation and support inference from RGBD images,” in
Proceedings of the 12th European Conference on Computer Vision
- Volume Part V, ECCV’12, (Berlin, Heidelberg), p.746-760,
Springer-Verlag, 2012.

M. Everingham, L. Van Gool, C. K. I. Williams, J. Winn, and
A. Zisserman, “The Pascal Visual Object Classes (VOC)
challenge,” International Journal of Computer Vision, vol.88,
pp.303-338, June 2010.

R. Mottaghi, X. Chen, X. Liu, N.-G. Cho, S.-W. Lee, S. Fidler,
R. Urtasun, and A. Yuille, “The role of context for object detection
and semantic segmentation in the wild,” in IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), 2014.

T.-Y. Lin, M. Maire, S. Belongie, J. Hays, P. Perona, D.
Ramanan, P. Dollar, and C. L. Zitnick, “Microsoft coco: Common
objects in context,” in Computer Vision — ECCV 2014 (D. Fleet, T.
Pajdla, B. Schiele, and T. Tuytelaars, eds. ), (Cham), pp.740-755,
Springer International Publishing, 2014.

K. Simonyan and A. Zisserman, “Very deep convolutional
networks for large-scale image recognition,” in International
Conference on Learning Representations, 2015.

A. Krizhevsky, I. Sutskever, and G. E. Hinton, “Imagenet
classification with deep convolutional neural networks,” in
Advances in Neural Information Processing Systems 25 (F. Pereira,
C. J. C. Burges, L. Bottou, and K. Q. Weinberger, eds.), pp.1097—
1105, Curran Associates, Inc., 2012.

Lsy (o 5 U095 A6 3135 008 5 e ol dozms 6y o [YV]
Szt Gkl Slo s LS S5 jshite 4 Gees (yeS0b bl

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A Wl aeolST o g (G odkige dypid Haiadign OIS 5 e
AV -V Slios «om Y ojleds

X. Li, M. Kan, S. Shan, and X. Chen, “Weakly supervised
object detection with segmentation collaboration,” in Proceedings
of the IEEE/CVF International Conference on Computer Vision
(ICCV), October 2019.

S. Sheykhivand, S. Meshgini, and Z. Mousavi, “Automatic
detection of various epileptic seizures from eeg signal using
deeplearningnetworks,” Computational Intelligence in Electrical
Engineering, vol.11, no.3, pp.1-12, 2020.

P. Jiang, Y. Chen, B. Liu, D. He, and C. Liang, “Real-time
detection of apple leaf diseases using deep learning approach based
on improved convolutional neural networks,” IEEE Access, vol.7,
pp.59069-59080, 2019.

X. Chao, G. Sun, H. Zhao, M. Li, and D. He, “Identification of
apple tree leaf diseases based on deep learning models,” Symmetry,
vol.12, p.17, 06 2020.

M. B. Tahir, M. A. Khan, K. Javed, S. Kadry, Y.-D. Zhang, T.
Akram, and M. Nazir, “Recognition of apple leaf diseases using
deep learning and variances-controlled features reduction,”
Microprocessors and Microsystems, p.104027, 2021.

H. Khosravi and E. Kabir, “Introducing a very large dataset of
handwritten farsi digits and a study on their varieties,” Pattern
Recognit. Lett., vol.28, pp.1133-1141, 2007.

(18]

[19]

[20]

[21]

[22]

[23]

\A

iz el ) (s (SB550] (slaasgaze sl ool ¢
polai o Baw sLil g laS e 4 5Li pas e
5 gonaib lpy gdon oras glaaSil l oolanl ¢
) Lasdle ) g0 (sloo,S5LL o Lulis
ol 5l Lo Sl SESa5 (sl (golgidany (b, Sl eslinl @
Sy iz gyl pglai,e
alins (59, 2 (B pled Jao 4 oo Ol ioles e
Galts S5 plgie 4 )b e8] Slulid  gunail
Awd pdiz lylo
23,5 0)Lal 3253190 & Bles 0 090h (nl SlaCg0ome alox
D)1y stz pled 4 howd Sl JBa- piory oo 0 0
2 msie o3l b (6899 pglad 55) 2 B OBl = e
Jrod Jowe jo il aiils 0gzg adgl Jow 0 a5 Shogae
L olhe gl Jow ST digad olgie a5 .09 dales oo ool
odlogges S8 Blod 9,50 1) (63955 sladiges ol yois
D91 dlez aigS Jled (o 00l o Jue e
il ot 5255k Jie b sl o5l )
9 039 17> 5 o Wlgie (2l Joo )5 @ Ay 5 o
Siigs ol o as Ll 1ol sl oY ol (o390l ol
w0l ;53 gleo IS a5 sl 004 dndads s o3l
S50k Ghg) 2 el A0 090 B3 la ) L (sl anlia
S 5 b scmlie I i e S sien et
Slr Slger Glids cal )0 0ol S8 (g b sl anals se2g
e i olas Jan o 1 it 53035 o3l slos 5

Dgl

&=l

[1] S.S. A. Zaidi, M. S. Ansari, A. Aslam, N. Kanwal, M. Asghar, and
B. Lee, "A survey of modern deep learning based object detection
models," Digital Signal Processing, vol. 126, p. 103514, 2022.

[2] M. Schellenberg et al., "Semantic segmentation of multispectral
photoacoustic images using deep learning," Photoacoustics, vol. 26,
p. 100341, 2022.

[3] E. Shelhamer, J. Long, and T. Darrell, “Fully convolutional

networks for semantic segmentation,” IEEE Trans. Pattern Anal.

Mach. Intell., vol.39, p.640-651, Apr. 2017.

R. Girshick, J. Donahue, T. Darrell, and J. Malik, “Rich feature

hierarchies for accurate object detection and semantic

segmentation,” in 2014 IEEE Conference on Computer Vision and

Pattern Recognition, pp.580-587, 2014.

R. Girshick, “Fast R-CNN,” in Proceedings of the 2015 IEEE

International Conference on Computer Vision (ICCV), ICCV °15,

(USA), p.1440-1448, IEEE Computer Society, 2015.

S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards

real-time object detection with region proposal networks,” IEEE

[4]

[5]

(6]



\f‘\ JLU.:)L@HL\ o)LoJ;}‘\\ JJ}

(JSCIT) wledbl (5,5Ls g p 5 il cagh— sole dlxs

\Al

L Syl

' Convolutional Neural Networks (CNNs/ConvNets)

" Annotated

rhttps://cs.nyu.edu/~siIberman/datasets/nyu_depth_vz. html
fhttps://github.com/shelhamer/fcn.berkeleyvision.org

D .

http://www.image-net.org/

"Pattern Analysis, Statistical Modelling and Computational Learning
(PASCAL)

“Visual Object
pascal/VVOCl/index.html

Ahttps://cs.stanford.edu/~roozbeh/pasca|-context/
ihttps://pjreddie.com/darknet/

"Weakly Supervised Object Detection (WSOD)
""Build from scratch

"Fully Connected or Dense

Classes (VOC) http://host.robots.ox.ac.uk/

0 plasl 085,185 Lamsss 3yl iyt omsikiteo oS (e ¥Y G o sl o 1,5 el
https://github.com/mamintoosi/tree-detection :c..!
\fMaxPooling
"*Flatten
""Dense
"YSoftMax
AL &9, 4l Blod &y Ll caiin (o (o5T20) ISz 5 bt plas sloa¥ szl
Sl 51l 4 S o o Lad) STyl don ples a5 g4 b o Jaite plos— oo 4 Jow
Lo oolatul « B piomn»
"*Fully Convolutional
"'ReLU
“'Keras, Tensoflow
“https://github.com/mamintoosi/FC2FC
(o5 axzlye S bl el Sliios 4 diged lyie 4
https://www.modares.ac.ir/~kabir
¥ Automatic image annotation
ABbon lpl Glagidios Gl ) Gas S0 Sl 0 IS "
end-to-end
"Data Augmentation
“Epoch
"*Batch Size
" Loss
™ Accuracy
™ Apple Black rot
"Transfer Learning
”https://github.com/digitalepidemiologylab/
plantvillage_deeplearning_paper_dataset
el o 331 K dime ] olSiils Cole 5l E 0 S g
https://www.canr.msu.edu/ipm/diseases/black_rot_blossom_
end_rot_frogeye_leaf spot

o


https://cs.nyu.edu/~silberman/datasets/nyu_depth_v2.html
https://cs.nyu.edu/~silberman/datasets/nyu_depth_v2.html
https://github.com/shelhamer/fcn.berkeleyvision.org
http://www.image-net.org/
http://host.robots.ox.ac.uk/pascal/VOC/index.html
http://host.robots.ox.ac.uk/pascal/VOC/index.html
http://host.robots.ox.ac.uk/pascal/VOC/index.html
https://cs.stanford.edu/~roozbeh/pascal-context/
https://pjreddie.com/darknet/
https://github.com/mamintoosi/tree-detection
https://www.modares.ac.ir/~kabir
https://github.com/digitalepidemiologylab/plantvillage_deeplearning_paper_dataset
https://github.com/digitalepidemiologylab/plantvillage_deeplearning_paper_dataset
https://github.com/digitalepidemiologylab/plantvillage_deeplearning_paper_dataset
https://www.canr.msu.edu/ipm/diseases/black_rot_blossom_end_rot_frogeye_leaf_spot
https://www.canr.msu.edu/ipm/diseases/black_rot_blossom_end_rot_frogeye_leaf_spot
https://www.canr.msu.edu/ipm/diseases/black_rot_blossom_end_rot_frogeye_leaf_spot

