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Development of Deep Recognition of Similarity in Show Garden Design Based on Deep Learning
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ABSTRACT

The purpose of this study is to propose a method for evaluating the similarity of Show gardens using Deep
Learning models, specifically VGG-16 and ResNet50. A model for judging the similarity of show gardens
based on VGG-16 and ResNet50 models was developed, and was referred to as DRG (Deep Recognition of
similarity in show Garden design). An algorithm utilizing GAP and Pearson correlation coefficient was
employed to construct the model, and the accuracy of similarity was analyzed by comparing the total number
of similar images derived at 1st (Topl), 3rd (Top3), and 5th (Top5) ranks with the original images. The
image data used for the DRG model consisted of a total of 278 works from the Le Festival International des
Jardins de Chaumont—sur—Loire, 27 works from the Seoul International Garden Show, and 17 works from
the Korea Garden Show. Image analysis was conducted using the DRG model for both the same group and
different groups, resulting in the establishment of guidelines for assessing show garden similarity. First, overall
image similarity analysis was best suited for applying data augmentation techniques based on the ResNet50
model. Second, for image analysis focusing on internal structure and outer form, it was effective to apply a
certain size filter (16cm X 16cm) to generate images emphasizing form and then compare similarity using the
VGG-16 model. It was suggested that an image size of 448 X 448 pixels and the original image in full color
are the optimal settings. Based on these research findings, a quantitative method for assessing show gardens is
proposed and it is expected to contribute to the continuous development of garden culture through

interdisciplinary research moving forward.
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Input layer Multiple hidden layer Output layer

Figure 1. Deep neural network architecture
Source: AHE, 2017: 35, Author revised
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Figure 2. CNN constructure
Source: LeCun et al., 1998: 2283, Author revised
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Figure 3. Image resizing for morphological features
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Table 1. An example of grayscale image data

i

X277 Original X277 Grayscale X278 Original X278 Grayscale
| inbut based on data setti Resizing i Apply model
mage input based on data settings sizing images (VGG-16, ResNet 50)
Comparison of overall image
similarity VGG-16,
ResMNet 50
» Comparison of similarity through
data augmentation
1. 224x224 pixel, 90dpi GAP (Global Similarity
. . Average
2. 448x448 pixel, 90dpi Pocling) results
An influential factor of show garden
Image affecting Similarity Analysis Topl
- - Top3
+ the influence of morphological Pearson Top5
characteristics carrelation 0-~1)
coefficient
+ Influence of Color Environment

Figure 4. Model training diagram
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Table 2. Analysis results between original images and rotated images

Contents Pixel Top1 / Top3 / Top5 (Numbers) Top1 / Top3 / Top5 Accuracy(%)
224 x 224 268 [ 376 [ 425 46/ 68/ 76
Images rotated by 90°
448 x 448 478 | 520 / 536 86 /94 /9%
224 x 224 156 / 192 / 219 28/34/39
VGG-16 Images rotated by 180°
448 x 448 425 | 470 [ 493 76 / 85/ 89
224 x 224 277 | 378 [ 408 50/68/73
Images rotated by 270°
448 x 448 464 [ 470 | 493 83/85/89
224 x 224 152 / 377 | 425 2768/ 76
Images rotated by 90°
448 x 448 456 / 512 [ 527 82/92/9%
224 x 224 192 / 312 [ 371 35/56 /67
ResNet50 Images rotated by 180°
448 x 448 483 / 540 / 546 87 197 /98
224 x 224 276 | 381 [ 433 50/68/78
Images rotated by 270°
448 x 448 447 [ 513 | 530 80/92/95
a: A total of 556 images are the target of the comparative experiment
Table 3. VGG-16 analysis results between original images and rotated images in 448 pixel
Model Original Image Top1 Top2 Top3 Top4 Top5
' o
: A )
g w W W ¥ W
X186 X186_90 X168 X169 X140 X136
0.907 0.786 0.775 0.772 0.762
VGG-16 m
in 448 pixel
X116 X116_180 X135 X169 X69 X124
0.889 0.788 0.788 0.787 0.784
() L) Q)
h“ e \)
X186 X186_270 X168 X169 X140 X136
0.906 0.786 0.775 0.772 0.762

102 | st

ERtE. Q0% 3Jgth om||et 7P AL Bheket ofw]A] s 22404 4480 dg S 4 Qled] Xzt
o] 497t & 1520 TR 49l & 456705 AEaiolrt. 180% S|7Iet oju]z|e} Y ofujz] 7he] Hlw g
M Q= oJm]x|ot fARE 1429] oujz|2 224 Ao 35%, 48ZVdloflA 87%% Liehdo=H 4485 dofxe] A
St 528 & 4 lItKTable 2 A%, 1 A=, ou]A] X102+ 2245/dofA] Aolgt o]u|R(X95)E 15=9]
2 Adsidont, 48AdolE 1592 0= S 72 om]|(X102 90)E 0.996 S22 AEsilrt. E3h
X165 0m12]9] 739, 4485l A 180 Bt 5Tt om|AE 1592 Aldsilon, X133 om|x|e] ¢ F
A T 1292 2705 S)7Ie omAE FYUet om|ARE AEslAL, o] FollA 448%Ado] 0.998% = st
L5 VERHTHTable 4 #2).
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Table 4. ResNet50 analysis results between original images and rotated images

Model Original Image Top1 Top2 Top3 Top4 Top5
X102 X95 X102_90 X95.90 X133.90 x40
0.994 0.993 0.992 0.983 0.98
ResNet50 w ] @ E ! E W
in 224 pixel
X165 X163 X197 X274 X137 X130
0.998(0.99813) 0.998(0.99809) 0.998(0.99801) 0.998(0.99800) 0.998(0.99795)
X133 X133_270 X176_270 X176 X102_270 X89_270
0.993 0.986 0.985 0.984 0.983
X102 X102_90 X133 X133.90 X129_90 X129
0.996(0.95929) 0.995(0.99498) 0.995(0.99486) 0.995(0.99467) 0.995(0.99460)
5
ResNet50
in 448 pixel
X165 X165_180 X139 X224 X69 X139_.180
0.999(0.99948) 0.999(0.99933) 0.999(0.99929) 0.999(0.99922) 0.999(0.99904)
X133 X133.270 X176_270 X102 X176 X102_270
0.998 0.996 0.995(0.99498) 0.995(0.99478) 0.993

a' In imgaes “Xnumber_90”, 90 means that the image is rotated 90 degrees from the original
b: Correlation is a similarity value(the similarity rate is 100% as it approaches and it is rounded to the fourth decimal place

4.2 e S M2 Zat

4.2.1 3L Lk 7HHR

59 A% 2 i HE7ESA 0] SjEidle] gliz ofmIAI(Y AlZ) % 2783l G olnlgto] £t
T HTAFOZH VGG-167 ResNet50 BEE BEAsiIE VGG-16 BEoAe] SAEE 2248V914 Tops
e e REES ehov], M8TRlE Tops 6%8 UehBs 5 v =S Herk ResNetSO 2]
A 448580] Tops 295 Lehie] SAKIE v msiiek ol o) ool w2 A0 Blaolit 4%
TR AElEe] gyt GaFe wAnks AR 1 4 IeHTable 5 H).
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Table 5. Analysis results between original images and images based on the same group according to the form

Contents Pixel Top1 / Top3 / Top5 (Numbers) Top1 / Top3 / Top5 Accuracy(%)
224 x 224 6 /17 /19 1/3/3
VGG-16
448 x 448 13/23/36 2/4/6
224 x 224 3/11/16 05/2/3
ResNet50
448 x 448 6/10/13 1122

a: A total of 556 images are the target of the comparative experiment

VGG-16 29 A1 A, 448849l uf “Xog ofulAle} 7Fg SAlsiek AMa Tople] Yo2 olnlAlE g
oluj2le] siztgEks: vt ojllE 0.7938] SAPIS EEaion], X236 olulA7t Topl o2 gt Y236
ol §418 07442 EESIHTable 6 H2)

4.2.2 Ef YTt ZHH[Q

BRI Hluoie £E7FERAE, AgedEe], Feobleadd o & 3224EE thes 24
Sioltt. 9 A 7 vlaoMet 2ol 1oem X 16cme] AAYY omAlz AVYdeta, 11 RS ofAzigke
X el el vl 4 QA silth Ad 23 VGG-16 o & 644259 o]
4485Vd0]A Topsoll 92709] 5L omIAE Aol 14% FAMES Z=E3I%E o= ResNet50 Eo] 448514
ofAe] FAEL w2 AIES EESt] VGG-16 HH| 452 =7 Bk 4= ltkTable 7 %),

A 7He] Aol dehs oAz ofnjA] KIS 4485V dollA KK oMAE fAMY 191z Adsiglon
0.9925:219] =2 fAMES EE5I5iTh Tk S15°9F X1 oo 4488 HoflA] 2 ofm|z]o] Wi e
T HoFE omRIE 19z A¥sle & 4859 AU Bipt et ZAos vehdtHTable 8 %)

Table 6. Analysis results between original images and images based on the same group according to the form in 448 pixel

Model Original Image Top1 Top2 Top3 Top4 Top5
W & = | s
: iy ® ® ¢
‘ s -
Sy N7 Y, A
X92 Y92 Y185 Y138 X138 X66
0.793 0.705 0.685 0.689 0.686
VGG-16
W |
%’
X236 Y236 X118 X108 X232 x47
0.744 0.65 0.64 0.625 0.612

a: Correlation is a similarity value(the similarity rate is 100% as it approaches and it is rounded to the fourth decimal place

Table 7. Analysis results between original images and images based on different groups according to the form

Contents Pixel Top1 / Top3 / Top5 (Numbers) Top1 / Top3 / Top5 Accuracy(%)
224 x 224 36 / 51 /56 6/8/9
VGG-16
448 x 448 63/ 73/ 92 10/11/14
224 x 224 4/19/12 06/1/2
ResNet50
448 x 448 /14714 2/2/2

a: A total of 644 images are the target of the comparative experiment
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Table 8. Analysis results between original images and images based on different groups according to the form. in 448 pixel

Model Original Image Top1 Top2 Top3 Top4 Top5
B = 5
] LS = g a
K1 K1 _k S7_s Ka_k K4 K10_k
0.922 0.9 0.899 0.898 0.89%
VGG-16 &
S15 S15s K10 S10 K10_k K4
0.901 0.882 0.877 0.868 0.863
= was/ s |
- Ua ) oy
5 oo j |
X111 Y111 X197 X226 X80 X199
0.781 0.744 0.742 0.736 0.729
a: Correlation is a similarity value(the similarity rate is 100% as it approaches and it is rounded to the fourth decimal place.
4.3 Mz 2kgo mE Zat
A o] A o= Tt A Q45 ol trRIe] SR g ks BE ’51{; A o]
2 7Pt Tejne AR el i AEe S 71 ojnj Wi U Szet i o)) 7k Halddon

Asgstc).

431 &Mz 7+ 0| Bl

o 2 ols} S S OO0, 1805, M0
A Rl A Al MSEAA VGG-16 Ree] 7
ResNet 50 229] 38%, 46%HTt =

Table 9. Analysis results of images in grayscale

go dofe T Agyat FYst
% Top3 47% Top5 53%9] §AM3S EE9)
=0 JSeE LeRckTable 9 #2). F 29 VGG-16, ResNet500149] 4

Top 1/ Top3 / Top5 (Numbers) Top 1/ Top3 / Top5 Accuracy (%)
Contents Pixel (224 x 224) Pixel (448 x 448) Pixel (224 x 224) Pixel (448 x 448)
VGG-16_90° 61/ 108 /144 127 [ 193 | 229 1M/19/26 23/3[4
VGG-16_180" 100 / 182 | 237 173/ 370 | 404 18/33/43 31/67/73
veeo VGG-16_270° 32/102 /133 125/ 212 | 240 6/18/ 24 22 /38/43
Al 193 /392 /514 425 [ 775 | 873 12/ 24 [31 25/ 4753
ResNet50_90° 35/87 /118 137 / 219 | 262 6/ 15/ 21 25740/ 47
ResNet50_180° 29/67/83 124 | 217 | 250 5/12/15 22/ 39 | 45
ResNet50
ResNet50_270° 31/68/98 94 / 200 / 256 6/ 12/18 17 1 36 / 46
Al 95/ 222 | 299 355/ 636 / 768 6/13/18 21/38/ 46

a: A total of 556 images are the target of the comparative experiment
b: “All” means images's sum and average value of each pixel results
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St f2lgo] 10 7Pk AHE B, @ on|le 5291(Tops) HH el 24 omAlZl 9 ojmjzjeh=
golgt AE BABIIE &, X100 ]*31741h 4487V Ao Sz ofm|z|et AofRt olm|Z|(X180)E ATEsIS
o pArdeRE 1 7P B2 2UE =ESIIES & 4 ASItKTable 10 2. 2VAZF A Aol glof
A 245700 44852 Ajgto] Foned A 2 g HolRz AFehgo] ojujz] fAl: e ¢
T Fe Ao T 4 Slt

4.3.2 3zl A= 0[0fA] 7+ H|i

Y olmjziet Bz ofnjz] 7te] §AMY HIRE Fall MAZE FAMY Bl miAlE ek AmEgitt AY
ik VGG-16 R29] 44854 HAollA] 15:9(Topl)7F 4] 55670 olu]z] & 677H omAE Adsie] 12%]
Ao S &5 M) ResNet50 Reojis T ZAlolA 1-2%9] ASS T&sle] W A A7Es yet
WK Table 11). VGG-16 RElofx] ¢ olm]z|7} spdxo| 7i7ke Suo] ofmE JL 4%, 1-5&919] oln|
e 22 AR AGS Adeiohe 4% Bl RGBO| A AGe] oln|2i= 19k fARE ofw|2lE A= A
S & 4 Yok 9B Bol, X6 on|R]9] AL Topl (159D -TopS(z=ghe]l 22 3% A oln|2 S Ads}
Qon, 2770 7o RGBO]UWE TOP5(54=9)ell AHotsItiTable 12 #X). o2 Fal 9AM] Tehol
At gFE niake Ao Tt

L_

4.4 DRG 21} 7jo|cz2fol

2 AY Zoe B2 A e 2 AR ARl AR W SR YR S st 2 AR
ALK Figure 5 %), DRG 23] X312 98] Fuje LEES £33 E5M)
el WS 5o cloleiel ol§slel EARHE TEE0, B, A Ao} ERE e ol 2
718 448 x 448%0] Q0dpiz 289 OJUAE AFESHL S0 X S0cm iR 2AIS W oful] 12 2
ekt olu|, Py 7]E Aol RGBZEHE ARg3it

Table 10. Analysis results between original images and grayscale images in 448 pixel

Model Original Image Topl Top2 Top3 Top4 Top5

e L 3 ,

g ' i k| |
: b, [T B 2 b
[ e 1yl ) e

X96_90 X55_90 X64_90 X127 X64

VGG-16

1(0.99997) 0.999(0.99932) 0.999(0.99928) 0.999(0.99925) 0.999(0.99923)

in 448 pixel

W Y W ¥V » B

X100 X180 X149 X102 X100_90 X180_90
1(0.99980) 1(0.99971) 1(0.99970) 1(0.99967) 1(0.99965)
a: In imgaes “Xnumber_90”, 90 means that the image is rotated 90 degrees from the original
b: Correlation is a similarity value(the similarity rate is 100% as it approaches 1) and it is rounded to the fourth decimal place
Table 11. Analysis results between original images and grayscale images
Contents Pixel Top1 / Top3 / Top5 (Numbers) Top 1/ Top3 / Top5 Accuracy(%)
224 X 224 31/55/ 67 6/10/12
VGG-16
448 x 448 67 / 123 / 150 12122127
224 x 224 1/6/8 01/1/1
ResNet50
448 x 448 5/11/12 08/2/2

a: A total of 556 images are the target of the comparative experiment.

106 | t=2FstaA| A 528 25(S¢ 2223)



N
-:50
Ho
rH
N
Ho

Table 12. Analysis results between original images and grayscale images in 448 pixel

Model Original Image Top1 Top2 Top3
i
X6 X18 X22 X20 X17
0.866 0.864 0.847 0.834
VGG-16
. 4 N
: Mo i
X277 X277_sMiz X188 X270 X258 X104
0.736 0.6%4 0.692 0.688 0.676

a: Correlation is a similarity value(the similarity rate is 100% as it approaches and it is rounded to the fourth decimal place.

Implementation environment

Setting data size and color(RGB)

: Software
+ NumP . i ize: i i
. Python3.10.9 ) y Resized size: 448 X 448 pixel, 90dpi
. eras
»Jupyter Notebook + Color:The basic use of RGB color
« TensorFlow

Within-group comparison

Between-group comparison

Data augmentation

Morphologlcalfeature‘ ‘

comparison Morphological feature comparison

90, 180, 270-
Degree
Rotation

16 X 16cm size
External padding
(overallsize
50 X 50cm)

16 X 16cm size
External padding
(overallsize 50 X 50cm)

ResNet 50

VGG-16

Comparison of
entire images

Comparison of morphological characteristics

Derivation of
similarity

- Derivation of top 1, 3, and 5 similar images to the original image
» By Pearson correlation coefficient, the closer the value is to 1

indicates it matches the original image.

Figure 5. DRG model guideline
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