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Abstract

Recently, detecting damages of civil infrastructures from digital images using deep
learning technology became a very popular research topic. In order to adapt those
methodologies to the field, it is essential to explain robustness of deep learning models.
Our research points out that the existing pixel-based deep learning model evaluation
metrics are not sufficient for detecting cracks since cracks have linear appearance, and
proposes a new evaluation methodology to explain crack segmentation deep learning
model more rationally. Specifically, we design, implement and validate a methodology
to generate tolerance buffer alongside skeletonized ground truth data and prediction
results to consider overall similarity of topology of the ground truth and the prediction
rather than pixel-wise accuracy. We could overcome over-estimation or under-estima-
tion problem of crack segmentation model evaluation through using our methodology,
and we expect that our methodology can explain crack segmentation deep learning
models better.
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Fig. 1. Over-estimation and under-estimation problem of pixel-based performance evaluation (Black line depicts
ground truth. Blue line and red line depicts the model A and the model B. In this case, the evaluation metric will
be almost identical, so the performance of the model A is over-estimanted, and vice versa.)

wEpa] 2 A= F O] B8-S e A= 57 2|30 E a4 fiet o] Al7lshal, Ale| EK skele-
tonization) ¥ 5]-8 W] (tolerance buffer)ol| 7]9Fs Heiyd B H7} HE-S Fig. 29} o] AAlskal 1+t

A Foldl Yo miE ged EE ol8si] dde 8t 7 Eﬂ B2t 7] Aotz e A2 Es)
(Zhang and Suen, 1984)F 3450} 7] Hlo]E| @} &F2] Aol LrePd #E 2] 9 topology)= &5, 71
Prediction -
Skeleton - True Positives
— ‘ \_/\ “
I I Prediction
Tunnel > Prediction > keletoni —> Dilation — Buffer “
— Images \/—\ \ .
_iL‘ \\/\ﬁ/ False Positives //
Ground Truth / ,/ /
Ground > keletoni Skeleton |
- Truth ¥/\
) )
Ground Truth \“‘ //
Dilation — Buffer — False Negatives
\/\

Fig. 2. Research overview

Journal of Korean Tunnelling and Underground Space Association 515



Sangwoo Ham - Soohyeon Bae - Impyeong Lee - Gyu-Phil Lee - Donggyou Kim

dlole 2 =] Zfol P dilation) F4te 21851 LA 7] S Hell A= 715 wlofe ek 2] At Ajo]
7FUEEEE true positive #12]5He% Rit}. o5 ol AAAQ] - E FACIA A HlofuA] o= okaet 1
2] ok SlAZ Halg 2 gl o] o2 B3| T gy} FAgst B4 sjast 4 9ot

2. M8 W

2.1 Hlojeii 11 3 Eeld 2 Bk

6

B AL A= 7 2ol A BNt Crack segmentation dataset (Middha, 2020; ©]5F 712 Hlolg| A} E)d 23
2| E 2oy A+ 5 AH] Q] Hloto|(Big Eye) 2 7555t GARS DeepLabv3+ (Chen et al., 2018)°]| S<5A|71t}.
Hloto]=2.5 t5 EFe]l 2}l 7|}, 2, F3A 2] FAE A2k Bd AE-8 B Ao, 18 AnES]
o} 5 o]-85to] Bl 9] 27 = G5 4= a1, 27N Fldoll FE 9] $1A1E Fig. 31} 2ol Z2]2k<(polyline)
P2 ZAT 5= ot

Ham et al. (2021) Hloto] Hlo[E15 G280 & 7Fgat= HS AXSIl o, 72 HlolejAle 24 o
FA7l= ARG A vlolEAl F k2 27 4 52 Alejeka Bd EAE glod ot -fAR 9T o] 85)
of Held Rdlof] thet ARdelsS 4-3slSle w Bloto] /dAtmo 8 450 1 U= S ERIsHT
mebA 2 Ao = 7 lolEAl 2 Jeld-8-0.= 7155 Hloto] HloEAlS 91| s5AIX1 &, Hloto] Hio]
EJAlof|A] 2 AtollA] AXSh= B ERE A8l E

Fig. 3. An example of Big Eye tunnel concrete lining image with crack polylines (OurBrain, 2022)
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Fig. 4. Skeletonization and dilation (Scikit-image contributors, 2022)
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Fig. 5. Calculation of TP, FP and FN: (a) Black line and red line represents ground truth and prediction, respec-
tively, (b) Depicts skeletonized ground truth and prediction, (c) Depicts calculation of TP and FP using the buf-
fered ground truth, (d) Depicts calculation of FN using the buffered prediction
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Table 1. Recall, precision and f1-score of original data and our methodology

Ael=s12

Recall (original, %) Precision (original, %) f1-score (original, %)
Original 33.95 47.68 39.39
Ours w/o skeletonization 62.84 97.08 76.30
Ours w/ skeletonization 57.13 95.24 71.42
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Fig. 6. Scatterplot of recall and precision (ours, w/o skeletonization)
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Table 2. Recall, precision, f1-score of top 3 farthest data points fromy = x

# of Figure R§call P.re.cision f 1 -'score Recall Precision fl-score

(original, %) (original, %) (original, %) (ours, %) (ours, %) (ours, %)
Fig. 8(a) 28.55 37.38 32.37 97.22 100.00 98.59
Fig. 8(b) 23.46 30.01 26.33 71.59 95.24 81.74
Fig. 8(c) 20.72 31.84 25.10 64.19 98.06 77.59
Fig. 8(d) 28.55 37.38 32.37 0.97 100.00 1.91
Fig. 8(e) 23.46 30.01 26.33 10.22 100.00 18.55
Fig. 8(f) 20.72 31.84 25.10 45.81 99.86 62.81
Fig. 9(a) 28.55 37.38 32.37 96.31 100.00 98.12
Fig. 9(b) 23.46 30.01 26.33 78.78 92.61 85.14
Fig. 9(c) 14.19 29.93 19.26 67.17 98.11 79.74
Fig. 9(d) 0.07 8.70 0.16 1.97 100.00 3.86
Fig. 9(e) 0.69 8.93 1.28 18.36 100.00 31.02
Fig. 9() 6.08 18.13 9.11 54.60 99.62 70.54
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Fig. 8. Evaluation results from top-3 farthest points from the scatterplot (ours, w/o skeletonization): (a)~(c)
Depicts 3 farthest points from the recall scatterplot, (d)~(f) Depicts 3 farthest points from the precision scatterplot
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Fig. 9. Evaluation results from top-3 farthest points from the scatterplot (ours, w/ skeletonization): (a)~(c) Depicts
3 farthest points from the recall scatterplot, (d)~(f) Depicts 3 farthest points from the precision scatterplot
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Fig. 10. Recall, precision, f1-score of top 3 farthest data points fromy = x
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(C) F1-score of Top 3 Farthest Data Points from y = x

60

50

40

30

Ll . |
10

: A .1,

Fig8 Fig8 Fig8 Fig8 Fig8 Fig8 Fig Fig9 Fig9 Fig9 Fig9 Fig9
@ ® @© @ @@ O % O“» @© @ @@ O

m fl-score (Original, %)  mfl-score (Ours, %)

Fig. 10. Recall, precision, f1-score of top 3 farthest data points from y = x (continued)
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