Universidade do Minho
scola de Engenharia

Nawel Ben Haj Salah

Al for QA/QC in construction.
A Siamese Network with
Triplet Loss

A Siamese Network with Triplet Loss

c
o
o
|
—
1
4
wn
=
Q
i
=
()
o
<L
o
L
o
—
=

B | M A + Eurcpean Master in
Building Information Modelling

alah

g

Nawel Ben Haj

BIM A+

The European Master in Building Information Modelling is a joint initiative of:

025

LA N i

UMIVERZA
V LJUBL]ANI

UMinha |

Univarsidade do Minho Se =] tember 2025




B | M AJ_ European Masterin
I Building Information Modelling

LI R




5% 1 #% &1
*$%+,_

o (1.(23(

$-
T %" #

$ BC )B(
% )

01 1

)




“&(7)

)& )
$*
+

*7

"5

*5




Title of the thesis

STATEMENT OF INTEGRITY

I hereby declare having conducted this academic work with integrity. I confirm that I have not used
plagiarism or any form of undue use of information or falsification of results along the process leading
to its elaboration.

I further declare that I have fully acknowledged the Code of Ethical Conduct of the University of Minho.

Brooa /Gu{ WAAYAE S
02 [lo[202S

European Master in Building Information Modelling BIM A+ v



&  "&™) ‘&
%) $
9 "&((TH ! ; <= ">
? "o & <2 &™) <?
& B &C" 4 < I
n @ <= 1 *
<? 2 1
& &™) &  T&T)
>
0 <? *9 b D
' E D ; E" ?
*
9 & B C
D ;1 E D ; E*O
> " ?
<? "&(")* 9
> ! @ <? A
4 <2 ! <? & ?
> <+
# T & TE&(T)" "




&

“&(7)

%

"&(%)

B& C"

"&(") 1.

*

“&(7)

“&(*)"

o+

* 4+

&)

/1&"

+




, )S(C $ )

F'k + / 9 1) + 9 khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkk kbbb kbbb kbbb kbbb kbbb kbbb bbbk kbbb kbbb kbbb kkkokkkkkk F
* *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
# ,+ /&+1/ / G 2

*[Ck - - Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkeek kb kkoekkokokk
#F &(*) & H+&,+ ) 9,9H 2

*[Ck[E* - - Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
#FF H D/ + + &%) %

- -
#*F*#* & + . &( ) Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk %
- -

#*F'k I * ) + . &( ) *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk J

#*#'k - &( - ) & & *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkokekk K

'l K3 - -

#1* & 5, +&+ 9 H+&, + ) 9,9H8 79/ "&(") B)& +1 C
#* I *F* & L & *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkokkkkokk FF
#* I *#* & L + i Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkek kb kkeekkkokkkokokek F#
#* I * I * & i L ) + Fhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkekkkkkkkkkkkkkkkkekkkokekekk F2
#* I *2* ) 5 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kbbb kkkekkkkekkkk FM
#* I *%* / '+ L ! . khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk FJ

I * + 9 9 9 H 8 khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkk kbbb kkkbkkk kbbb kbbb kbbb bbbk kbbb kbbb kbbb koo #$
2
*Cx " " *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

I'F* 9G /G 97 & & , #$
I*F*F* *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk #F
I*F*#* ) *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk #%
I *F* I * Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkkkkbkkkbkkkkkkkkkk kbbb kb kekkkkekkkkekkokk #M

Kk n

I H+&, +99, 5, +&+9 " 95 5&) & 79/ / &, +8 )&5+1/

) 9 + / 1) + 9 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkkkkkkkkek kbbb bbbk kb kb kkkkkkkkkkkkkkkkekkokekekkokkekk I #
I *#*F* *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkekkkkkkkkkkkkkk kbbb kbbb I #
I*#*F* + 9 & *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk I I

*HkH* *kkkkkkkkkkkkkkk
P N .7 9 & ) 5 I
*|* *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
I*1 + 9 9,9H897 1, H+ &+& + 1%
2* ) & + 1 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkk kbbb kbbb kbbb kbbb kbbb kobbkkkokbbkk bbbk kbbb kbbb kbbb kkkokkkk I M
*[Cx *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkek kbbb kb kbbb
2'F 1, H5/ +&+ 9 IM
*Hx khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkekk

2% 5/9) 97 1, H+ &+& + IK
2*#*':* 7 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkekkkkekkkekkkeekkkokkkokoek IK
2*#*#* & N . 7 khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkkkkkkkkkkkkkkkkkkekkokkekk 2$
2*#* I * ) 4 5 *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2F
2*#*2* 7 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2#

b
2*#*%* G ) *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2 I
* | * *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

2*1 & 9 , 9/N7,9 22
2* I *F* Thkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkkkkkkkkkkkkkkk kbbb kbbb kbbb ek kbbb keekkokeekkoeoek 22
2* I *#* *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ek kkkkkkkkkkkkkkkkk kbbb bk kkekkkekkkkeekkkeekkkeekkkeekkokeekkooek 22

?
2* I * I * 5 khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kb kkkkkkkkkkkkkkkkk kbbb kbbb kekkkkekkkkeekkeekkoeekkokeoek 2%




& &) r& + ,

2* I *2* *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2M

2* I *%* + *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2J

2* I *M* + , & R . *kkkkkkkkkkkkkkkkkkkkkkk 20

*)k *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkekkkkkkkekkkoekkkokkkokokek

220/ 1,+ 97 & &,H9/ + b
2*2*':* + *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkek kb kbbb %$
2*2*#* & Fhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkek kbbb kkekkkbkkkkkkkkkkkkkekkk kbbb k %2

%* ) 9 ) 1 9 *hkkkkkkkkkkkkkkkkkkkkkkkkkkk kbbb kbbb kbbb kbbb kbbb kbbb kbbb bbbk bbbk bbbk kbbb kbbb kkkokkkk %J

?

/ 7 / ) kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk bbbk kbbb kbbb kkbbkk kbbb kbbb kbbb bbbk bbbk kbbb kbbb kbbb kkkokkkk M $

& 5 5 ) khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kbbb kbbb kbbb kkbbkk kbbb kbbb kbbb bbbk bbbk kbbb kbbb kbbb kkkokkkk M 2
&55 F) F ) 9 FhRRRRRERRRKRKRRRRRRKRKRRRRRRRRKRRRRRRRRRR KR KR RRRRRR KRR RRRRRRR R KR RRRRRR KRR RRRRR R KRRk KRRk kR kR Rk Rk kkkkkkkkkkkkkkk M2

*Rkkkkkkkkkk Rk Rk Rk Rk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkxkkkkkkkkkrkkkkkkkkkrkkkkkkkkkxkkkkkkkkkxkkkkx M%




$C(C& %)

7 F Q ) B+ R n #$#%C********************************************************************* %
7 # Q ! ! #$FF #$#2 B+ R n #$#%C**************************************************** %
7 1Q ! ! H#ES0  #HSHS & 4 BP "
8" #$#FC*************************************************************************************************************************************************** K
7 2 Q + BP n 8" #$#FC *kkkkkkkkkkk F$
7 % Q / B C B C BP n 8" #$#FC kkkkkkkkkkkkkkkkkkkkkkkrkkkkkk F$
7 M Q & " ) " ) . * B n *N* *"#$##C kkkkkkkkkkkkk #F
7 JQ 114 : !
. * n B 300 .0.8.010.8.0.0.3.0.0.0.8.0.0.8.0.0.8.0.0.0.0.0.0.4.0.0.80.0.3.0.0.3.0.0.0.8.0.0.8.0.0.0.0.0.0.1
! : BR FKK2C H#F
7 00) ! ! * 4 3
! . ' P* BR " FKKZC kkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkrkkkkkkkkkrtkkktx ##
7 KQ) & B+ c7 B4 " "
C* BR n FKK2C********************************************************************************************************************** ##
7 F$0& & s - s - B
& C* BR " FKKZC B3 2 03 0 03001200 10.0.010.8.0.0.0.0.0.0.0.0.8.8.0.0.8. 0,08 0.0.3.0.0.0.8. 0,38 0.0.3 0.0.3.0.0.3.80.0.8 008 0.0.3.0.0.0.8.0. 3800300300300 08 0P H LI LD LSS0 L 20000 #I
7 FF Q 9 | * BR n FKKZC khkkkkkkkkkkkkkkkkhkkhkrkkkkkkkkkrtkkktx #2
7 F#Q *B "N HSHC
B3 8 203 0100800181010 10.8.012.8.010.8.010.0.0.013.8.2.0.8.0.0.8.010.3.0.0.0.8.0.3.8.010.3.0.0.8.8.0.3.8.0. 080,08 0.0.8.8.0.0.8.0.3.8.2.0.8.0.0.8.8.0.3.80.0.8 0108 0.0.3.0.0.0.8.0/3.8.0.0.8 0.0.8.8.0.3.8.0.0.8. 0,08 0.0.80.0.0.0.0/3.8 0080030030008 280030000 080000 0.8.00.0.08 #%
FI Q + ) * B " *N* *"#$##C************************************************** #M
7 F2 Q + . B’ n 8*" ) n )* , *5*" #$##C******************** #J
7 F%Q5 *B * #SEMC #J
7 FMQ 5 B .1 C *
F # | ) * B * "#$FMC khkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkrkkkkkrkk #O
7 FJQ) ! H + " D" *
B *N #$FOC************************************************************************************************************************************* #O
7 FO Q & &’ B ! #$FOC************************ #K
7 FK Q+ * BR ! #$FJC Khkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkkhkxtk #K
7 #5Q " - ;
* BR *N #$FJC kkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkrkkkkkrkkkkkkkkkrkkkkkkkkkrkhkkkkkkkkhkkkkrkkrkkkkhkrdkkkkkkkkrkkkdkri |$
7 HFQ + ! B " " C
" & ] e =
7 #Q 4 NS /7 .) 5 1 9 & B b
7 #I Q G 5 ) ’) 1 B * C**************** I#
7 #2 Q 4 7 B * C************************ I I
7 #h Q 1 ) /) 9
B * C**************************************************************************************************************************************** |2
7 #M Q I H | G 7 kkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkrkkkkkkkkkrkkkkkrkkrktkkhkrdkrktx IM
7 #J Q I 5 + > & kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkx IM
7 #O Q H 7 5 kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkhkrkkkkkkkkkkkkkkrkkkkkkkkkrkkkkrkkkkhkkkkrdkrkkkkkkrdkkdkrx IJ




& &) r& + ,

7 #K Q 7 7 5 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkobkkkkkbkkkokkkkkkkkkkobkkkbokbkkeobkkebokbeeokkkkeokkkoeokkkeokkokoek IJ
7 I$ Q / , 5 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkokkkkkkbkkokkkkkekkkokkkkkekkkokkkkkoekkkkkkkkebkkokkokkkoekkkkokkokkekoekok I O
7 I F Q ( *kkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkkkkkkkkxkkkkk I K
7 I# Q ( krkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkkkxkkkkxk I K
7 I I Q ( " " " *kkkkkkkkkkxkkkkk 2$
7120 S 8 " 2%
7 I% Q ( @ Khkkkkkkkkkkkkkkkk 2$
7 I M Q ( 5 . B C Fkkkkkkkk 2F
7 I J Q ( ’ 5 B C*********** 2 F
7 10Q 4 B " o

C******************************************************************************************************************************* 2#
7 IKQ 4 B 1o

*RkkRkRkRRRRRRRR KRR kKRR Rk Rk Rk Rk Rk Rk Rk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkkk 2#

7 2%Q ' .21

kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkkx 2 I
7 2#0Q 4 ITI '
B C n B C * kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 2%
7 2 I Q& + kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkk 2M
?
7 22Q 4 + kkkkkkkkkkkkkkkkkkkkkkhkkkrkkkkkkkkkxkkkikk 2J
7 2% Q ] *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkrkkkhhkkkkxkkhhkkkrkkkhhkkrkxdhikkkkx 2J
7 ZMQ& *kkkkkkkkkkkkkkkkkkrkkkkkkkkkrkkkhkkkrkkkkhkkkkkkkhhkkkrkkkhhkkkkxdkhhkkkrrkhhhkkrkxdhcrkkrx 20
*kkkkkkkkkkrkkkhbkkkkkkkhkkkkrkkkrkkkkkxkkkkkkkx
7 210 + + , 2K
20QH F$ B! C
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkkkkkrkkkkkkk kbbb kkkkhkkkkkkkkkkkkkkkk kbbb kkkkkkkkkkkkkkhkkkkkkkrdkx %F
7 2K Q 1 1 kkkkkkkkkkkkkkkkkkkkkk %#
7 u$QH F$ B C
B2 e e 2 2 e D D 0 0 02383 0 0 00,0280 8 0 0.9.0.2.2.3 8 0.0 /0/9.0.0.3.8.8 0 00/0.2.3.3.3 8 3.0/9/0.0.0.3.8. 80 0.0/0.0.3. 3.3 800 9.0.0.3.3 8300002323 00272380 L LTI DD LTI TT IO D LTI TT T T 00001 % I
kkkkkkkkkkkkkkkkkkxkkkkkk
7 %FQ ! %2
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkhbkkkkkkkkhkkkrkkkhhkkrkkkkhhkkkrkkkhhkkrkxkkhhkkkxkkkhkkkxkx s
7 W+ & ) 5dh
*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkhkkkkkkkkhhkkkxkkkhkkkrkxdhhhkkkxtkiitk
7 %IQ + & ) M
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkrkkkrkkkx
7 W+ & ) %M




+ + 4+ + + + + + 4+

$(

FQN .
#Q)
1Q)
2Q)
%Q)
MQD
JQ)
0Q+
KQ+

. )

- &( - ) ) 5 B+ . " #$#%C Krkkkkkkkkkkkkkkkkxkkkkx M

L & *Rkkrkkkkkkkkkkkkkkkkkkkrkkkkkkkkkkkkkk FF

L + R *Rkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxkkkk FI

& R L ) + hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk F%
) 5 *hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkbkkkkkkkkkkkkokkkkkkkokkkokk FM
'+ L ! R Khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk FO
R * B & " #$F%C hkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk IF
1 Krkkkkkkkkkkkkkkkkkkkkkkkkkkxk %$

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxk %#




& &)

&

$(

D
H&

9);
"&(%)
/& &)
/.1

1&G

Ro Ro Ro

I

©

NN N s

=

%P

L %)1

$




& &™) *& +
2 %P - $
+ B* &C B=)C K "
-&n ! * -&
> Y "
> LES
. > BO3 "
FKOKC* M T& "
* & !
" "&(%) !
B+ . " HSHUCH
+ "&(%) "
4 L . "&(F) L. & B& C
* 4+ & U u !
;! ; T+ !
! " . !
@ ! , "&(7) "t
i1 ; &*
+ 1 " 0
> 4 !
" " IM$S vl " ¥
+ " !
; * "&(*) !
* n
" ; *& ! !
"&(7) " ! 4
*
+ n n
! * + ] 1
"&(7)* & ; 4
7 &™)
U n n
7 " ! I ! &
" ! n *
&- F



“&(7) *& +
*
& &*+
"1 1.
* 4 1 > >
3 1
. & B& (*
& 4 ! " , B ,C
B 0+ 4 & B& C ,
' 4 ) B )
& ; " "
! %
! n
% " n
! 1 4 Yt
1 !_ 1 ;! *
" 4
I > " * 4
! "1
; " ()t
L 4 "4
" " > *
: " !
‘7 : 1oL
! n - *
1 *
I > " & 1 * 1
4 n
L "
- "4 > ! 4"
1 | @
*+ 4 "
! n n
! > 1
! 1 :
!
*7 " 3 !







&

3 Y% %) %)L )*
+ ' !
L "&(")
L& £ > 4
n n * 7
1. ! " & "
x 7 n
*
32 "4 4 |/
- L& B*&C " .) B=)C
n .u ! -* +
" !
&%) U
. B+ HSHH + .
&%) ;
" !
4. " "&(%)
LIS B#SHUC " 1
- &(-) n
*
+ ; ;
B * HSFIC + '
> .
B7 .1 ' HEHHCH : +
B "+ , B+, C" 1
B *HSFFY "H#SH#1V O
+ n n
1 1 " &
¥ " ! 4 .
*
"&(7) ; f+
> *

" HSHICH

ot

B+

¥ HSHIC

+

+




322 & . % "4 4
+ . BHSHUC ! . I !
& " & " 7 F # HEFF  #$#2")
! " I 1& 4 H . ¥+
1 N ! " 5 ¥
9 " H " , " & ! " @ ! ") !
/ " *

United States”
6

(4 25 6 0 713830:
2024 I
2023 |
2022 |
2021 I
‘§:. 2020 I
- 2019 I
2018 I
2016 I
2011 I
i 1 2 x | 4 5
(4 35 ] ] 3822 383;6 0 73839:
323 "4 40 4
+ b+ L BHSHUC "&(7)
* 4
: + B +C "& L & S+
L ! ) " ) 5 " & . L)
+ " & L + * "
" : 1 " ! 4
." *
+1 F ! ) &%)




"&(") *& +
25+0"4 # < 6 0 73839:
40 & 4
+ ; " ;
1 * 1
+
-
40 & "
46 ~ 1 L >
, t » \ I
B+, C ) \
*
| 5 1 4
;1 5 > LAY 4
4 ; ;
B /C "
+ > " " ; >
*
> *
!
n ! n
% > ; !
) > ll
4= \
+
) . ; o+ ’ ,
0
*
| 1
" >
* +
"4 ;
+ 4 1 :
; + .\
# + . %
> 0
*
1 ; +
- 0 - - )
; L &%)
I ;)+ " b
; 1 0 * ! & I 5 D)




&  "&™) +
) %
., &/ ;
&/
. et " &/ 1]
‘0 >
. B&/C o+
*
327 4 40 4
+ "&(7)
n ! *
n 4 n n
* + n
" ! " . " 1
& ;! " & ;
n n ! n
¥4
& "&(7) F
7 " &/, ,'
" & ; " ;
* & B#SH#UC"
> &
& n
> ; ! ;
> * )
> "&(7)
: *H
1 &
*
> & + > 1
"&(7)
, "&(7)




=&(") *& +
" ; D)
! *7 " &/ "&(%)
!. -
*
7 .& &%) 1. "
" x4 .
> | ; *
D) >
> 7 " 11
! !
*
& >
4 ! ! & "&
*
! & "&(%) "
U




33
+ & B& C
* & D *E
& n n
n *
& ! & 4 HSFH#"
't
" ! *& 7 "
! & 4 A
#3$%$0 HIHD" 1 #$FM BP ¥ HSHEFCH
120
44.02%
103
100 =l
£ 80
& 25.64%
£ 60
S 60 Bl
2 17.95%
g a2
Z 40 A
6.41%
20 - " s
043% 043% 000% 000% O085% oopu /1% 128% 1.28%
N va;,o,él,t‘u;,ﬂ, 1 N B
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 March,
2020
Year
(4 ?5 388@ 3838 4 A 4
6B 7 —73832:
#SFJ" ! ;
" . B7 * H#SFO" #$FKV )
HSFKC" BR 8  "#H$FW * HSFKC" ! B ' HSHV
&0 "#$HH R 8 " H#BHHC" ; B7 y
#SFO V7 " #$FOV H " HSHSC / ! &
7 2") " . .3
U 1 #M #$FO"
FK*MW H 5B) (¥ " 1
"&(7) *
&- K



bridge inspection |

crack detection [NNNENNNE E - Australia
B Canada
real-time prediction [N == China. Hong Hong
B China, mainland
safety [N = Germany
B Japan
semantic segmentation | e W= Other
Singapore
sewer inspection | mes South Korea
EEm United Kingdom

structural health monitoring [N e United States
worker detection |

(4 ;5 6B 1 -713832:
9 .1 .
*+ R !
' . > & 7w .
) D O/
B/ O ) .
77D , + B, + C *

CNNs I Bridge inspection
Faster R-CNN

I Sewer inspection

LSTM W . Safety related issues
RNNs . [ Detection of people
Transfer learning [N Crack detection
Object detection 0 Real-time prediction
Semantic segmentation W I Structural health monitoring

(4 95% / 4 6 6 4 :6B 7-73832:
) !
U ) 1 U
) & '
i 1 v/
* 4" & !
1 7 4 1
B "HSENC' B # H$FOC" ! BR
BSFIC + ! )

F$ &=



FF

& &™) *& +
37? B 40 6
& "&(*)"
"&(") 7
" & 1 " 1
n " *+
; !
4 & > > *
N . BHSFMC SN & 8 o
! ') & B )& ¢ :
; ¥4 & ;| 1
! ;
*+ ! I
>
> ’
? 1.
40 " "4
& 0 40
&
BN . "
L
HSFMC ; & ) )&
&
&-



& &%) *& +
3?3 = 4 0
* 7 ", & ! ; -
" ! & S ST
" &/ >
B+ . " HSHUC
B& " #$HFC > "
& " + H 4 5 B) C
B) ¢C ; ! * 4
" ' ’ *
! ! 1 1 * 4
; "&(") : "
, " ! >
" . %
B)  "HSHH ;9 @ B 9 (
! * 9 ! 7 ; B7 C
1 ) > G / B, G/C
/ 7 B/ 7 C ! ¥ 9
, ! r ol "
> " L . .
* ! " " 4 "9
2FW 4 4 "
" P :
*
B 7 "HSHIC < . L
* " L " : "4 "
BN L " HESNC* B1&GC
@ B ' HPF2C0
+ ! " !
" " " "oy " -
> *G !
/ / %% 75 !
7 ) B7) ;0C GHHFM x7
" % "
" 1 "
& *
B+ . N "#$#I1C v !
* 89,9 % ! 1&G8B C

F#



& &™) ‘&
B ¢+ H51"
3 1*
B " #SHHC & ! 89,9 IC
*
‘4 2'$$% : K$W "
51) . * +
- TUFFW > . Fw+*
ST 4
*
B/ X " & HSHSC ; ;1
4 /) *+
' )9)9 "+
*+ n !
SN @
! ! ! ! !
*
25 = 40
"4
40
& % 40
B& ‘g . 5
HSHFC; ;
+ "H5
)
B " HEHHC
) HELQ _ 9 8, G/-/ 7 5
’ -7 @ C
B 7 "
2 H$HICQ T < ; / -/ %$-75 "
7) ;0-GHHFM
L+
BN !
#$#1CQ 1&G 1&G 89,9 %

Fi



& &™) *& +
B " #$#H Q
5,) 89,9 1
B/ " H#SHSC
0 $ii$ _ 74 I
’ 8)9)9C
BN . "
H#SFMC Q
&
2 )&
B& C
3?7? " 0 = /
)+ ! “&(7)
n ; !
[ " " !
*
B " #SFKC 2
¥ 1&G; |
# *+ !
> * 4 U
1 *
B " HHSC :
* ! B C | 3
n ; !
;1 ! ¥+
%BIW ; K
n * +
" 4
" 4
B " HSHHC B5 (C*
+ n
: g n 0J 1!
1 HEFM HOHF ! P *
5 B "/ ", + " "H& "
9 r+ ! ' , 4
F2 &-



& &™) *& +
> 9 " 9); " n
! " !
n * +
! !
1 *
;5 - 0 =
40 "4
% 40

&

B " #$FKC Q

H
-2
!
&
L B "#SHICQ
)
* - G
)
n / n
B " HSHH
Q , )
9 n
5 5

F%



&  "&(%) r& +
3?; "4 #
+ > * !
> | 1 u "
+ ; L '
*
BN . " ) 1I" " #$#I1C >
41 ; * 4 i
b I "
I, " " 1 1 . * 4 "
H H BH C*+
#H !
[ D)
! 4 V H o
> " " ! *+ #3Q
#IW TF;
3 1 1 1 * n
> S 1 "
! D E D E *
B " #BHHC3
* + ) " . %
. B KM*QWC*
/ )] B /7D ¢
*
95 "4 #
40 "4
%
& 40
BN . "
e H #H " H )}
" #SHIC; # >
)] H &
5
B "HSHHC ;
/) - +
/)
FM &-



3?9

B, "Xt

B, "P*

n ! n
4 .
)
1 %4 1
4
*
* 4
*
* 4
1 *
*
" !
/)
B%MT%MC* +
" *
!
@ BFJIM
*
" HSHFC ;

FJ



& &) & +
! !
!
/ 4) ! M
/& &) + !
C5 % > 4=) 0
40 y "4
& ’ 40
B . +
#$#20 ; /) /)
, HSHE /1
! ) B ,&:12C )
/ o+
B, "#S$FOCQ .\
L ; )
!
+0 @
/) +
HEHY ; /;
% ) P Gt )
G #$HF;
/1 / 4) -\ ) - &
! "&(")
> ’ *&n
! *
& ;! &™)
'+
4 . B ¢
41 ) 1 X
! 1&G;!

FO



"8

FK



& &%) *& +

7)) 1$7S H&-/

+ G+
& &* +
u ! 1
L ] > 1 >
31 '
72 $ T 1 "
+
*&" ! .
; ! " & !
FK2$ V " .
! B B\ ' HHHC
n & 1 " 1
* + ]
B ,C B ,C+ " ! &"
£ R >
! "
") ) (U
U ! > 1 n
" " *

7 M &" " . - ,98B
> - O ("H& BH & ¢y "/ B8/ ¢"
, + B i+ . ¢ / 7 b8/ 7 CB

* N * *! #$##C*

#3$



Rule Based Systems
Support Vector

Machines

Game Playing

Linear Regression

\Knowledge Representation and

(4 C5H*" [ 0 4 6, 471 + 13833:
222 /
LI 1 "& B& C
1
" & 1 1 4" :
! D) & ! ! 14
n 4 *
X
1
XE y1
XE y.?
Black box
yn
X
m
Input variables Non-linear relation Output varibles
(4 D5 ) . A 4 >
6E 1 2FF;
" 1 & " 1 1
* + " " " "
B C * "
1 >

#F



&

“&(7)

\Dendrites

Cell body

Input signals X( x1,x2,...xi...xm)

X

e

weights l
Axon .
y i Qutput signal
(4 @5 4 4
6 0 4 (X
4 .0 > B 6E 12FF;:
" 3 V
* 4 ; " 41
4 i)
+ Qr . B$ FC
Q " ! 3 P
/ Q 0 *
yj = f(Net ), y = f(Net ). y; = f(Net ),
i i I
FS ~ V'S
1 1 1
> 3 > —-
0 Netj Net; 0 Neij
0 0. 0.
i j i
(4 F5 6 (C 6 A 1 4 1
;6B 12FF;:
&
Q P
. Q *
9 Q *

HH#



Three input variables: Three input variables:
x1 x2 x3 Bias = 1 x1 x2 x3 Bias = 1
1-st layer
o O Bias
O O O O
l l l v 2-nd layer
yt.  y2 y3 y4
. O O O O
Four output variables l l l l
yt. y2 y3 y4
Four output variables
(4 285 /I 4> 0 > 0
b = 12FF;:
+ 1 . & *& BR !
FKK2C"
45) , 4
& ! Q " !
* + n
] 1 * +




& &%) ¥ & + ,
Input
First hidden layer W1 No. 7: Weights in the layert
layer of weights No. 1 are corrected
/ \ No. 6: 'delta’ values for the
Output of the first layer No. 1 are calculated
hidden layer ‘ y1(1) = inp1(2), y2(1) = inp2(2), .. ‘
Second hidden No. 5: Weights in the layer
layer of weights W2 No. 2 are corrected
\ No. 4: 'delta’ values for the
Output of the second layer No.2 are colculated
hidden |ayer y1 (2) = inp1(last), y2(2} = inp2(last), ...
Last layer last No. 3: Weights in the last
of weights w layer are corrected
No. 2: 'delta’ values for the
Output vector Y(last) last layer are calculated
No. 1: Error is computed
Target vector T
(4 225% 4 ) 4 6E  712FF;:
45+ >$ 4 H
1 > ! n n
*9 ; 4 N
9 0 BO (& "
*
10. 5 >H 4
) : N " ) 1 N
" *
&
*
n !
+ )
B ¢ 4 "4 )
L !
n ) n *

#2



?2

&)

(4

3

235

.\\\\0. '
Doy
COOXA
AN
(AL
O
£ \

.,,A\\

Input Layer

AK)
R

AN~
AR 7

D ¢

*

B7)C

*

GRS X
.v'arr»:g? %
‘oie

‘.

Hidden Layers

FI"

w OO0
WIPIINT

Qﬁﬁi

& B& C

4 %)

* ) -"

/.1 ¢ 7)

1 ! )

U 4 *& #
e

C*

87 FIC"
4 B7 FHO* &

b (bias)

Weights

Single Neuron

QOutput Layer

13833:

#h



&  "&(%) ‘& +
-
- Danger
4 *1] r——
Y/
/)
,(\Kl/ P :
\ O O - bamaged
INPUT \CONVOLUTION + RELU POOLING CONVOLUTION + RELU POCLING FLATTEN CO:‘"NL::TED SOFTMAX
) Y Y.
Aircraft T V. Structural Condition
Sensing Input & Classification
(4 2?5 0 6, 47 + 13833:
+ } ) , @ n !
n n * & n !
* ) . ! ! R n
; & 4 "GHH " / *
227 /
+ ] t&
l U R ) * n
n !
7 R *
. ! ¥ !
n !
; * + 1
*
+ FKKI 1. ¥ * !
1 * n
.l >
Q! )y o> ! 1o
' _B, ' HGHHCH
#M &-



Yi Y2
‘ Decision Making Head ‘

Head :

‘ W :
. Feature ‘
Extractor : ‘ fixn) f262) J

Xy X;
(4 2;:5 0 6 1-1 7 #173833:
1 " 1 " " ;
n n * n
1 * 4 4
! * n
; B,
" HPHHCH
"B HSFMC !
B7 FMCr +
*
(4 295# 4 4 6
382C:
&- #J



& &%) ‘& +

+ 7 P
" * +
I f7,)
Image 1 > branch 1 (CNN) >
_ Loss
hared weights
s weig Lo
I, f(Z,)
Image 2 > branch 2 (CNN) >
i
[ vel | |
(4 2C5 # 6 10. : 4
, 2 3 10. *6 1382C:
9 "B ¥ #$FOC
" !
1 1 C B1 1 4 o+
! 7 R
. LI
DB # HSFOCH

#0007

Ground Truth SiamFC ours

(4 205 4 ) & 1T

#0



Search region

(4 205
!
FO* 7 4
. BR * #$FIC
* 4

eropped arpet
127*127*3

template frame

Fixal-wias Comvodution
softrax el

. Unary Pairwmina

:::::: b regien
2E5+355+3
current frame

(4 2F5

B&;

5 &ﬁ@ ﬁ

Testing time only
ho(z5, X)

-1i1|
e =
-i"
.h-—,];.
e (s
_>n_ ' B
B .
hafz, X)
61 13820:
B,
*
1 * 4 1

concat
/ 17
409G
17
Integration
Maodule

bE 4 1382D:

>
1 ' 1
> BR * HSFIC

#K



&  T&() & +
Response maps on different frames Global model’s response maps
StructSiam I AC PN Staple I M EE M N SCT LCTIN CFNet I
SiameseFC NN DSST NN KCF O
(4 385 4 > >
> > 6E 4 1382D:
7 #$ B V
! B CV ! 14 !
> B! C*
> /
" !
! 4
o1 .14 " !
*B & " HSFUC "
" ! B7 #EC
" " ! %
1 " 1
*
+ ! " "o "
v/ 4 "
4 *




&%) *& +
Comparator
| Net(x) — Net{z™)|z | Net(z) — Net(z™)|2
Net Net Net
T~ T ™
(4 325 . 6 1 4
71 63829:
D5 61 13829:
- , + % 6
4 .
KK*2Y$SOW  KIKYSFW KK*MFW *BHEF20V * BH#$F2C
28 0JFW ; KS AW * BH#$F2C
11 K 1.JW ; KO*FOW , * BH#$F2C
KK*2YS*SOW  KIKYSFW KK*MFW *BHEF20V * BH#$F2C
28 JEMIW ; MKW , LN B#SF2C
+1 ] +
" [ *
! +* & & " HSFUC"
4; P
+ ! + ! n
& !
&- IF



& &)

&

?3 "4
?32 -~

9 &

" IM$S

(4 335)A

o
a
e L
[
- [,
L] [
“ v
booikd
LR
e
L2 e L T
—
5

1$

%

?C81 %

0

4%

ArwTwr 15

3¢ g Caghors Frox




c
2 BB @
=

1)

(4 3;5)A ( 4 6
?32 4 $
! ! L
¥ ! IM$S I !
*+ !
*
& *
! ! !
‘9 ! :
B ,& (U ! " " U
3
" B,, C 4
; ' ; 1oor9
@ n
- *
) " G " !
! *
233 +0( , $ # <
U " " U "
" *
! ! I !
*+ > n n
&- b



* @ 7 n
" *
' B=&()C 1. !
! ) * 1 1
> " 1. 1 *
7 ! ! ! !
o . L : * '
I 4 ! - HEW" @
! HAW* + !
! ! " 1
*

(4 395 >.0 % 0 , $
6
+ 0 ! s
& " " "
> > B=&(")C" " * "
! “&(7)
' ' 4 "&(7);
+ D " !
* " 1 & :
" I " 1
! >




& &%) &
?7? 40
+ B+ ¢"
IN$; 9 & *
* n
3 1! *
5 o U P
@ ! *
&
* 4 1 " 4
n ! *
) . *
e " 4
*
4 * 4 !
! *
+ " " !
*Q " >
" LN " % "
! *
& ! !
7 " ! IMS;
n > *
7 " "
% "
> 1 ¥
&- 1%



& .&(.) * & +

4 -




& &) *& +

semeee
1
~e- E
- - 1
‘- —~ -.t-«- Y i 8 —Y
e -+ - s is & 1
1) et S
-8y
A | -~ -a-[" e = - |
i | Y is s =R
ACATATAIROATA T ] * i = i
# - ] - 1
- 4 i F . %
- - - - '- - o = ke f!—
-——-——-—--—1 P —_‘ .,.3 - = i i E X ‘,A
| :‘E F,aq m‘-r—l.:.ﬁl = .‘ﬂ_”
| " 4 B
|| — il 1. - T
_ Fa
- -
s i X

T e e -

a1
7
—— [ [
B - > T =1.,
= 4.11" . & = t 1
I lpn r_.._.m._.,ur’mw—~ —— ST ,.__{_@ =
’," R 1 i e -
o b i ’v’_ . £
N e T J Pt :"’;,
s ’ | : 3 :: ::
[ 2 i ——1 /iy B i 1
1 & HecH




“&(7)

&

* 4

7?85 %

4"




& "&) ‘& +

;3 # 4 /
+ n
n n 1 * +
! IM$S
1 4 * 4 >
1 & " / ) >
4 ;@ * ' 4
*
+ 1 4 " ;
1 ; 4 * 4
3 1
* 4 0
4 .
;32 * ( /
& n n n
B7 IFCr + ' ! !
1 * " 1
" 1 B7 1#C "
! *




+
*&
& &™) |
33 > +0(
; ; n
* 4
7 I I5I ! n n
n
B IIC* ! B7 12C*

2%



*&

“&(7)

)# 0

A*

;37

*9

IMC"

B7

*

* 4

)# 0

?C5

(4

13C"

B7

&

)#

4>

?D5

(4

2F



&

“&(7)

&

10

B7

* 4

>(

&

1KC

&

2#



*&

“&(7)

;39

2FC

2%

B7

*

<
o/

;25

(4

21



& "&(") *& +
7 ? /
+
B C" B C"
C*
+ ! ]
HESTH#SS 4 1. : *
+ n n n
*
1 ) ) ! ! " " !
S+ 1
* + !
*
+ 1 B
C*
] * + !
7 2J¢
;72 /
& " 1. > 1
0+ > %
2 I !*
* n
* + 7
! ! *5 !
* N :
" Bx*) # ¢
g " ! " @ B**™& “HC
n n ! n
/ N & 7 4 1]
#HES T #$$ 4 " o *
7?3 - /
s H R5 "
; ! ! * 4 *0
*@ * 4 B C"
! L . H
B ( ¢ 5 ! * 4
@ *
22



=&(%) ‘& +
;?2?7 # /
+ *
+ > "
z " ! @ 4 " @
#ESTHSS 4 *
Z 1 1
*& 4 C
* + n n n
B C*
*
G @ " ITI "
" " B C o+
! B7
24#C
(4 1
4
&- 2%



& &%) *& +
1?0, 4 /
+ .
& / %$" - " 4
¥+ ! H#9M;
' * + n
. / B C L
@ * + n
! -*
+ N 1
L B U " " U
1 & >
! Q Q ! * 1
D)
3 *
,B&'5" C[ 4B\ B&C; B5C\] ;\B&C; B (\] - " $CF
Distance Layer (Triplet Loss)
Shared Embedding Generator
(ResNet50 + Dense)
[ Anchor (A) ] [ Positive (P) ] [ Negative (N) ]
(4 ;1?5
B "7 " #SFUC
2M &-



* 4

(+]

F$ G

kiamese_madel = SiameseModel(siamese_network)

siamese_model.compile(optimizer=optimizers.Adam(@.8801))

siamese_model.fit(train_dataset, epochs=1@, validation_data=val_dataset)

()

Epoch 1/18

3/3 —————————————— 1235 29s/step - loss: @.6853 - val_loss: @.4264

Epoch 2/18

3/3 —————————— 71s
Epoch 3/18

3/3 —————————————— Jis
Epoch 4/18

3/3 ———————————— 79s
Epoch 5/18

3/3 ——————————— 78s
Epoch 6/18

3/3 —————————————— Jis
Epoch 7/18

3/3 —————————— 675
Epoch 8/1@

3/3 —————————— B85s
Epoch 9/18

3/3 —————————— 675
Epoch 18/1@

3/3 —————————— 755

<keras.src.callbacks.history.

23s/step -
23s/step -
23s/step -
27s/step -
23s/step -
23s/step -
23s/step -

23s/step -

25s/step -
History at

(4 ;35)A 4

loss: @8.4675 - val loss: ©.260@%

loss: ©8.3274 - val_loss: ©.1191
loss: ©8.1615 - val loss: ©.1135
loss: ©.1293 - val loss: ©.1587
loss: ©.1162 - val loss: @.8517
loss: ©8.13@8 - val_loss: ©.1346
loss: ©8.1320 - val loss: ©.2421
loss: ©8.8309 - val_loss: ©.8436
loss: ©8.8583 - val_loss: ©.8297
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train_acc = compute_triplet_accuracy(train_dataset)
val _acc = compute_triplet accuracy(val dataset)

print{"Train accuracy:™, train_acc)
print("Validation accuracy:"™, wval acc)

Train accuracy: 2.97530864193753836
Validation accuracy: 0.9
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[ 1 train_acec = compute_triplet_accuracy(train_dataset)
val acc = compute_triplet accuracy(val dataset)
print{"Train accuracy:"™, train_acc)
print({"validation accuracy:™, wval_acc)
3> Train accuracy: 8.97530986419753886
Validation accuracy: @.9
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1 Setup

import matplotlib.pyplot as plt
import numpy as np

import os

import random

import tensorflow as tf

from pathlib import Path

from keras import applications
from keras import layers

from keras import losses

from keras import ops

from keras import optimizers
from keras import metrics

from keras import Model

from keras.applications import resnet

target_shape = (200, 200)

2 Load Data set

Ipip install gdown

2~  Show hidden output

from google.colab import drive
drive.mount('/content/drive')

1

4

~ Drive already mounted at /content/drive; to attempt to forcibly remount, call drive.mount("/content/drive", force_ remount=True).

from pathlib import Path

cache_dir = Path("/content/drive/MyDrive/250709_Siamese_model_trial")

anchor_images_path = cache_dir / "site"
positive_images_path = cache_dir / "bimmodel”

lgdown --id 16P1593jX1_3Ch2rjsWIPeI_CgI33dtTLQ
lgdown --id 1NeZhqillJeFYrjE@zx8P-mgBInTepSM3

lunzip -oq {cache_dir / "site.zip"} -d {cache_dir}
lunzip -oq {cache_dir / "bimmodel.zip"} -d {cache_dir}

2~  Show hidden output

def preprocess_image (filename):
Load the specified file as a JPEG image, preprocess it and
resize it to the target shape.

image_string = tf.io.read file(filename)

image = tf.image.decode_jpeg(image_string, channels=3)
image = tf.image.convert_image_dtype(image, tf.float32)
image = tf.image.resize(image, target_shape)

return image

def preprocess_triplets(anchor, positive, negative):
Given the filenames corresponding to the three images, load and
preprocess them.

return (
preprocess_image(anchor),

M2



preprocess_image(positive),
preprocess_image (negative),

anchor_images = sorted(
[str(anchor_images_path / f) for f in os.listdir(anchor_images_path)]

positive_images = sorted(
[str(positive_images_path / f) for f in os.listdir(positive_images_path)]

image_count = len(anchor_images)

anchor_dataset = tf.data.Dataset.from_tensor_slices(anchor_images)
positive_dataset = tf.data.Dataset.from_tensor_slices(positive_images)

rng = np.random.RandomState(seed=42)
rng.shuffle(anchor_images)
rng.shuffle(positive_images)

negative_images = anchor_images + positive_images
np.random.RandomState(seed=32).shuffle(negative_images)

negative_dataset = tf.data.Dataset.from_tensor_slices(negative_images)
negative_dataset = negative_dataset.shuffle(buffer_size=4096)

dataset = tf.data.Dataset.zip((anchor_dataset, positive_dataset, negative_dataset))
dataset = dataset.shuffle(buffer_size=1024)
dataset = dataset.map(preprocess_triplets)

train_dataset = dataset.take(round(image_count * 9.8))
val_dataset = dataset.skip(round(image_count * ©.8))

train_dataset = train_dataset.batch(32, drop_remainder=False)
train_dataset = train_dataset.prefetch(tf.data.AUTOTUNE)

val_dataset = val_dataset.batch(32, drop_remainder=False)
val_dataset = val_dataset.prefetch(tf.data.AUTOTUNE)

def visualize(anchor, positive, negative):
"""Visualize a few triplets from the supplied batches."""

def show(ax, image):
ax.imshow(image)
ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)

fig = plt.figure(figsize=(9, 9))

axs = fig.subplots(3, 3)

for i in range(3):
show(axs[i, @], anchor[i])
show(axs[i, 1], positive[i])
show(axs[i, 2], negative[i])

visualize(*1list(train_dataset.take(1).as_numpy_iterator())[@])

=¥ Show hidden output

base_cnn = resnet.ResNet50(
weights="imagenet"”, input_shape=target_shape + (3,), include_top=False

)

flatten = layers.Flatten()(base_cnn.output)

densel = layers.Dense(512, activation="relu")(flatten)
densel = layers.BatchNormalization()(densel)

dense2 = layers.Dense(256, activation="relu")(densel)
dense2 = layers.BatchNormalization()(dense2)

output = layers.Dense(256)(dense2)
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