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Enhancing Work Trade Image Classification Performance Using a Work Dependency
Graph
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Abstract : Classifying work trades using images can serve an important role in a multitude of advanced applications in
construction management and automated progress monitoring. However, images obtained from work sites may not always be
clean. Defective images can damage an image classifier’s accuracy which gives rise to a needs for a method to enhance a work
trade image classifier’s performance. We propose a method that uses work dependency information to aid image classifiers. We
show that using work dependency can enhance the classifier's performance, especially when a base classifier is not so great in

doing its job.
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38 HE Rsshely] fIsh Ales #+535] O1FA %t
C}. Kopsida et al. (2015)0lM= Z& Als H2E dH F5
(Data Acquisition), X ZZ(Information Retrieval), 248
& 0= (Progress Estimation), 712|131 AlZ¥sH(Visualization)
OJEA & 471K A Z LI0] AEsitt & 9419 MAl=
© 0]0] A} 2 (Decision Making)& F7}ato] 24& #]
AtsSHE she] ehdE w &8 =3 (Loop) 2 MZeHH, O]
= T2 (Fig. DollA] gl 4= Qlrh
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ote G845 FH S0] Ut} TREOg, ot §HE
Flak= Wl oujA] (Rebolj et al, 2008; Ibrahim et al,,
2009), MOJ&A A0 (Hajian and Becerik-Gerber, 2010),
RFID(Hammad and Motamedi, 2007)S0] QIC}. 7l6H=
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Fig.1. Automated progress monitoring pipeline
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£ & &alo}F ottt oJA e F 71K HH A ARDE SAl
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(Augmented Reality)0] §3}& 0] (Fard and Pena-Mora,
2007), 012} 2rAs) Crkst ¢15t7h D O ETHKopsida et
al, 2015).
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Fig. 2. Overall pipeline of an enhanced work trade predictor

0]0J7t AHE Weksll Fiultransform & propagate)sh=
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5= OJNIRIEQ] S (Attribute)S & TG}, 0|12 Al
all A= oIn|R7E o S0l S6H=AIE Classifier(2
AFOIA AFREE WA classifierd} O0|5H= 7} THE)
O] 2806 shgdl7] WiZOICh ol st CNNE S5A1717]
QlaliAl= S 2] HIoJEIAIO] EQ3bICE st o= A
B HIE 2otofla] 71EgH1A Q1 HIOJEAIQ] ImageNet (Deng
et al, 2009)0l1= 14,197,12289] oJH]X|7} QUL SEAEE S
gle= S350 tish Athst HojEAlg HRotal AR £71
THZoll CNNg s5Al7]= Bl & 0fH30] WELH whetad
O1& UIAIE 717 277171 E 3l

HojeAle] B 59 o172 35 BF77IE /NdolAl &
£ IAZ T2 olnlx] tlojeAlo] thall 2% onlA] &
FIE 2 ¢l AFEstal, Ol 7t BRV1E BHsith
OJRIA] HloJEAlE 11 EFof met £40] A T &= A
Ch 2 &A1 o & 50 s5E 286t OlH|X] BloJEAlL}
Q1ZA Q! EA(Man-made)Z O]F01%l HIOJEALQ] OJn|A]
& B4 g TEre Ae 44 o= Utk AHHollA dalst

Excavation Framework Plumbing
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o, A2 TE & 7IKe BEE TWEY] Qs Zanict
5101 - T} M B (Hyper -parameter) & CF2A| SllA] 8KSA|
ZICh RIAISH LHE 2 32014 =SITY.
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Ligrem e 1 AF0E soiz 4= glth JEj=E 9
nJsict A& 25 A58 IAoAE 1EE F8 S22 A
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Fig. 3. Toy dependency graph
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ALGORITHM 1: Predictor procedure

1

5

1
12
13
14

15
16
17

18
19
20
21
2
2

Input : P — Probability vector of an image output by an image classifier
D — Dependency information
Output: y — A prediction of a class that an input image belongs to

r <0  /* probability residual to be redistributed to probabilities of incomplete

i <0 /* task counter */
j <0 /* number of completed tasks */
d«0 /* amount of probability to be distributed to incomplete tasks’
probabilities */
for p+ Pdo
¢ + TASKCOMPLETE(D, i) /* determines whether a task is complete of not.
Returns true if a task is complete */
if ¢ ==true then
r « P[i] /* accumulate residual probability %/
P[] 0 /* probability of an image belonging to class indexed i becoming
0, because the task is already completed. */
j—=Jg+1
end
i—i+1 /* update task counter */
end
d « r/(len(P) —j) /* Value to be distributed to probabilities of incomplete tasks
*/
i <0 /* task counter reset */
for p+ Pdo
¢ + TASKCOMPLETE(D, i)  /* determines whether a task is complete of not.
Returns true if a task is complete */
if ¢ ==false then
| P[] «d /* distribute residual probability */
end
i—i+1 /* update counter */

end
y « argmax(P) /* return final prediction */

Fig. 5. Predictor procedure
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Table 1. Classifier models

Model ID Model Performance Epoch Learning Rate
Model 0 52% 1 0.2
Model 1 64% 1 0.1
Model 2 78% 1 0.1
Model 3 90% 2 0.01

CeoF, -3 #AE AFREIIE mll 459 542 Al
3517] Q8 Tl DAG 12 E A2 AAAIZCH
DAG JI82 = TRA] B 3709 O 2 LFQUCE 8= o+

2 (Table 2)0A] Qg == UL,

Table 2. Graph group details
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B
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Table 3. Work trade allocation

Work Trade MNIST Class (Cursor ID)
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Fig. 6. Result comparison among different graph groups
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7t Ao 9] 2Rl siE Tt Aolst He HOIFH SAI0]
079 SHAS St WA B GIolAls AR thEt
FHe} $HH77} vh= FHo] tholl 71 sh=tl, 1A |
e 35S T ], AT U7X AL EXtEA
ofl TSt AAIE Qith= Z0ITh &, S5 7|71 il ZAL
O] 7 Alghof thsk A14]0] o= Fz OJ4} AT AE %=
Sh= Z0IT) oAl g o ARE 25| AZstal
UTH= 7212 Z8st 7VEo|th ARojAl= AHO E3AlA,
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Table 4. Toy problem results

mhRoCY, Chot, 2V E]s SHolAE $El AZE 23
of olsto] B A7t FOJE T BelE 4 Urks WS
T 5 9L, OlHE AR BE HRE Solo] 35w
o) 458 =Y 4 Qe JHsHS 6% 8 4 9k

CHEoR, & Ate olnl Ed 330] 7 TE7]o)A
HOJRIA] Z=the 71 S oith ol oA gt gEet
A& BEL ol 7k e THAl O]oF7|sHA HIOJE9] AT
7F ACHOrdered)&= Z& QIHIRITE. OIRIAIZ SO0 w
o} A7 EEE QIR B "ol 2 AF0IA] [t
St= BH0] 388 7HAIK] Xelth o], SAF Z2RE
7F ol met 2dcks ARS TR 358 HEd
o, 2 7Fg2 falulet 7EXIE At ol € S04 2 i
o, AFH AR, A8 E BN 371K19] 350] A= 388
£ At HAL A uio] B 2l AFE AR A
S ol e =5 Y o e AR ET il A

S THE T OART
AL 7} QI

THRIRIO R, 2 HtollAl= MNIST HloJHAE 7HAILL &
2ot IR 27718 35 O] HOJEAE 7HA1L &8
o O|njA] EF712tal 7FIeitt ot 27718 shadle
mj, O] £5771= HO[EAL Q9] SAnith Jolet Fete s
7Hd & QUL o1& A, S-301E 2Fchs 2ol theh g

=+ U

St EathE Aot ERohe S N He &
= Z0ICt O] Ed oY 7HA] Olf= 'WAgl 4= QITY.
CJoJE|AlC] A B8 (Class imbalance) THEY 4= Q1
a1, 2 g0 sigohs A9l olnfA] EFE e 2R
o7t =& e Tk

Z} Sd4 Ho| Xo|E o, &F OIn|R] Thofl= &
LAY EXfSitE g 50 2L E EMdu FHEE
M = A2 AU O oJnjx|e] Azt ojnjKlo] S&
St= A S0l FAKGITE. OJAE RAFSH = SiA Zholl=
Q0! 771 dojuir g1, ol BF7I7F E8oke &

>~

Model 0 Model 1 Model 2 Model 3
Cursor Original | Enhanced Diff. Original | Enhanced Diff. Original | Enhanced Diff. Original | Enhanced Diff. Eliminated
0 0.5181 0.5181 0 0.6417 0.6417 0 0.7761 0.7761 0 0.9078 0.9078 0 0
1 0.5181 04876 | -0.0304 | 0.6417 06118 | -0.0298 | 0.7761 0.7685 | -0.0075 | 0.9078 0.9022 -0.0055 980
2 0.5181 04206 | -0.0974 | 0.6417 0.5647 -0.0769 | 0.7761 0.7441 -0.0319 | 0.9078 0.8932 -0.0145 2115
3 0.5181 0.4209 | -0.0971 0.6417 0.5571 -0.0845 0.7761 0.7266 | -0.0494 | 0.9078 0913 0.0059 3147
4 0.5181 0.5181 0 0.6417 0.6417 0 0.7761 0.7761 0 0.9078 0.9078 0 0
5 0.5181 0.4877 -0.0303 0.6417 0.5120 | -0.1296 | 0.7761 0.7658 | -0.0102 0.9078 0.9199 0.0121 4157
6 0.5181 0.5296 | 0.0115 | 06417 | 06199 | -0.0217 | 0.7761 0.7701 | -0.0059 | 0.9078 | 09105 | 0.0027 982
7 0.5181 0.5526 0.0345 0.6417 0.5360 | -0.1056 | 0.7761 0.9093 0.1332 0.9078 0.9422 0.0344 6989
8 0.5181 0.5582 0.0401 0.6417 0.5138 | -0.1278 | 0.7761 0.9520 0.1759 0.9078 0.9667 0.0589 8017
9 0.5181 1 0.4819 0.6417 1 0.3582 0.7761 1 0.2239 0.9078 1 0.0921 8991
Average 0.0312 Average -0.0217 Average 0.0428 Average 0.0186
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