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Efficient Automated Data Augmentation Algorithm Based on Self-guided Evolution Strategy

ZHU Guang-Hui, CHEN Wen-Zhong, ZHU Zhen-Nan, YUAN Chun-Feng, HUANG Yi-Hua
(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)

Abstract: Deep learning has achieved great success in image classification, natural language processing, and speech recognition. Data
augmentation can effectively increase the scale and diversity of training data, thereby improving the generalization of deep learning
models. However, for a given dataset, a well-designed data augmentation strategy relies heavily on expert experience and domain
knowledge and requires repeated attempts, which is time-consuming and labor-intensive. In recent years, automated data augmentation has
attracted widespread attention from the academic community and the industry through the automated design of data augmentation
strategies. To solve the problem that existing automated data augmentation algorithms cannot strike a good balance between prediction
accuracy and search efficiency, this study proposes an efficient automated data augmentation algorithm SGES AA based on a self-guided
evolution strategy. First, an effective continuous vector representation method is designed for the data augmentation strategy, and then the
automated data augmentation problem is converted into a search problem of continuous strategy vectors. Second, a strategy vector search
method based on the self-guided evolution strategy is presented. By introducing historical estimation gradient information to guide the
sampling and updating of exploration points, it can effectively avoid the local optimal solution while improving the convergence of the
search process. The results of extensive experiments on image, text, and speech datasets show that the proposed algorithm is superior to or
matches the current optimal automated data augmentation methods without significantly increasing the time consumption of searches.

Key words: deep learning; data augmentation; automated machine learning; self-guided evolution strategy
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1) RS TAEST 23 A0 506 B O w8 20 e 2 0 SR HEAT VP AN, A0 TR AN ).
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3.5 B EIEEREE R AR

4 AR LT A 5 S UL SRS 1) A S4B s Sk SRR B, L 1 4 T PRI, 1,
SR B AV 2R SRV AE 3 2R 2 1) © R IR TR R ST 2407 1) B HISR SRR, BRZR I P AR B2 A 24 i B 220
DREA S W, MR AT S0 S 8l g, BEAT BEHLRAE.
i 1L ET A5 SRR 1 B e BRI R % SGES AA.
BN b K g, FUIEAR T T MR N, TSy, ERES] g BARRE B T, TGRS T, =k, K
Nk BAE O, RS TEHUE bSN,, TORIRIG Ty, 255N Ny IR HEZS o8 H, 254% H P17 000 5000 1 it e s 42 1
Hyy, TAEY fidE m<Ng
HH: A H ARSI EEE sR R AR Hy.

1. VI A B s 5 S b T1 BRI SRBE [l Wo = 0 e R™, 1 =0
2. whiler<Tdo




AAHE KT 8 5] 2R 09 20 A SRR iR F ik 9

3. if < T,, then
4. MI3AG N0, 1,) TS RIAE R TT 10 {64, 6, ..., Oy}
S. else
6. MIAFT O FREEUEE FE RIS G € R, FRAG R IEAT QR 70t AL Jioh FEE 125 0] Lo ANEAT AN 0] L
7. WG 230 (5) KL RITILO), 05, ..., O} IFHIA—1E
8. end if
9. for each worker i=1, 2, 3, ..., m do
10. KHALRITI 61, 0y, ..., Oy ZPBCET m A TAET AT
11. VAR YGE AT 127 1] A SRS DA R, T8 AR — O A S50 A58 T 1) 504k 15 5 SRS 233l Ay -

{H,,,»,Jr = MW, +v5;)

I, = M(W,-vs;)’
Hr, ie{l,2,...,N,}

12. A6t P 51 5 2R FR) A5 7R M, 55 P 50 189 55 SRS T, 5, AT, - PRI S ESHls o0 S EAT DI 2, ARG 45 2
UEARAER A F (I, ) M F (I 2) 15 0 PEAS B
13. end for

14, W m AN AU PRAN A F () V() FEAEF max{F (I, F (T, 20} %87 1) 6; BEAT B P4k, 3
oo FORE P AN BRI T ), i€ {1,2,...,b)
15. A (12) MBS VE(T,)
16, SEBRRE EIRESRTER N — UK & W, A
W1 = W, +3VF,(I1,).
17. KA BREE VE(TT,) BB O
18. W =T, 5 ZARYE A 5 PRI R AR (5) T e 1

19. if t % Ty == 0 then

20. K I (10 SRS 1) B W,y e 0 T 9 0 SR T,

21. for each worker i=1,2, 3, ..., m do

22. TET AR Mg, BV IS SRS NE TL,, ) AT PR FO(T,00)
23. end for

24, SR m AN TR EOVER L, TR B
F(Il,) = % Z] FO(ILy).
25, 5 F(IL.y) FUSEHE L, 3 B S0 28 1 o N
26. t=1t+1
27. end while
28. return Hy
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Digain L REAT R0 389 915 1038 9 K50 5 XL, (D) - SREMEVTAL B B 7 LA 578 M, X0 18 508 () B s S HEAT VI 250
PPA, — ORISR VA A PG (IR P12 18 it R AR R S5 B 2%, M B M A% R SR AR 22 AN P FEAS o
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TSN Lo ALK IEACAN 28] LG, BAE AT (5) ZRAELR T {0y, 0y, ..., I} AL PP SRR R
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JEARE A 2 (12) KA THBRE VL (TT,) o AR A T R BE 8 A8 F A J8E b TV 5K ST SR 1 o Wy, AR R IRIBAR BT 5
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4 SEWIEES

41 EREBSHEE

ATCRTAT SR A AR OB AR B 2 B, AR R R 4800 Ubuntu 18.04, 2 210 HOBUARAF AT RRCA:
Python (3.6.8), Torch (1.7.1). Torchvision (0.8.2). Torchaudio (0.6.0), Ray (1.2.0), Torch-audiomentations (0.6.0)~
nltk (3.5)~ nlpaug (1.1.3) 1 librosa (0.8.0) %%.



AAHE KT 8 5] 2R 09 20 A SRR iR F ik 11

(1) B H a4

S T 1) PR B 4 2 322 CIFAR-101"%, CIFAR-1001"2H1 SVHNP#4E . Hirh CIFAR-10 338454 10
25 32x32 R AE G, —IL 1 60000 5k EE, f—J4H5 6 000 5K B, HHt 50000 5K B AE A I ZR4E, 10000
K PG A IHASE . SVHN Hdls 45 /25K H Google #35 EG 0T 1R, — 38 10 AN, Je 5 73257 IR
4E, 26032 MR LE.

() EE

S I IR 5 SR 45 £ R ESC-50210 GTZANPY, Hivh ESC-50 $id 4214 T 2 000 /A 5 s FREEIE 35 1
B, 36002k 50 25, AT 40 ANFEA, VIZRSERIMRAE T 1] 4:1 [\ L1714y, BIUIZRFEAR 1 600 A,
IRFEA 400 4. GTZAN ST 1000 AR, H5324 10 NMRIR (GEa), FAEHSCAK 30 s, 125
FIMRAERE I 301 IO LU B HEAT R4y, BRYIZRREA 750 A, IREEA 250 4.

(3) SRR

S BT P 1) S0 A B0 4 32 22 AGNews™ il DBpedia® #i 4. Jirh AGNews B 48 & 25 A Il 22 7 |
ComeToMyHead M 2 000 224N [FIR WA IR 813030 AR &, B SR 3L 4 AN 2000, A48 120000 MITZRAE A
F1 7 600 NIKAAEA. DBpedia £ 4 /& K MUBL ) 208 5 51 UUE, M4 Wikipedia 9 5 H 145 B HEGIH 1).
DBpedia 3532 W FIAR AL 2 560000 A YNZRAEAFT 70000 MNMIRRFEAR, FEAEARIBIE 14 28

FINHETER. ESRCARRHIR AL IS D, OISR E . WA S H Fbs 4 g .

K2 RIS R ®3 EMR. EEMSCARR R GHE R
Ja He E A (A TAEST ) I Btk GMEASH WEAEARH AR HH
CPU 20xIntel(R) Xeon(R) Gold 6248 CPU @ 2.50 GHz CIFAR-10 50000 10000 10
GPU 4xTesla V100 SXM2 32 GB &% CIFAR-100 50000 10000 100
WA 240 GB (15x16 GB) SVHN 73257 26032 10
Tl 4k 1 TB HDD e ESC-50 1 600 400 50
I 2% 1 Gb/s Ethernet " GTZaN 750 250 10
Ak AGNGVYS 120000 7 600 4
DBpedia 560000 70000 14

42 BESHKE

HRABEIE 1 Mk, ASCH SGES AA BIET TR Z MBS E0AT Tk E, RMAREWE 4 Fir.

(1) BB s ik s

B0 1593 254155, CIFAR-10. CIFAR-100 A1 SVHN 75 275 AN [R] (IR0 _Eh 4TI 25, A0 110788 2 B0 8
# 53 7 Pion. Hoh, CIFAR-100 s 8 8 &, 5 CIFAR-10 Fid4E LL AR, #7E CIFAR-100 |- [13%
RG] E L /E CIFAR-10 IR 3REL.

Q) EEDRELRBESHRE

EI 5B 73 24T 45, ESC-50 Al GTZAN 5 ZAEAN R AR 1347 25, 524 (V8 S 400 B ke 8 i,

# 4 SGES AA HiEHBSHEE

ZHIG B aicl ZHIG WEH
WHb Ky 0.2 FHIRIE T, 5
R IT M EEN, 8 RARHIN T TNy 5
FHESHY 0.05 AR R m 8
B LRT 60 THIRHLT,, 16
I E e 6 BB O 75 Ek 20




12 e RS Y
# 5 CIFAR-10 I8 K920 240k A
Fr B LY epochs learning rate & type batch size optimizer
R B ResNet-18" 60 0.1, cosine 128 SGD
WRNE 40x2 200 0.1, cosine 128 SGD
WRN 28x10 200 0.1, cosine 128 SGD
ISUFBY B Shake-Shake (26, 2x32d)> 1 800 0.01, cosine 128 SGD
Shake-Shake (26, 2x96d) 1 800 0.01, cosine 128 SGD
Shake-Shake (26, 2x112d) 1 800 0.01, cosine 128 SGD
6 CIFAR-100 {55 5240 2 4k B
F Bt I epochs learning rate & type batch size optimizer
WRN 40x2 200 0.1, cosine 128 SGD
ISUFRY B WRN 28x10 200 0.1, cosine 128 SGD
Shake-Shake (26, 2x96d) 1 800 0.01, cosine 128 SGD
* 7 SVHN KGRl S 40 E
KB Y epochs learning rate & type batch size optimizer
R B ResNet-18 60 0.01, cosine 128 SGD
WRN 28x10 200 0.01, cosine 128 SGD
IS B 5
ALK Shake-Shake (26, 2x96d) 200 0.01, cosine 128 SGD
# 8 ESC-50 Fl GTZAN ifi & 7r HSL B S 40k
Fir B Y epochs learning rate batch size optimizer pretrained
R B Inception™™ 5 0.0001 30 Adam® Trae
ResNet 70 0.0001 32 Adam™ True
AT B Inception 70 0.0001 32 Adam®” True
DenseNet™” 70 0.000 1 o Adam®! True

(3) AR B S HB

BEXS Ay 28455, AGNews A1 DBpedia i ZEAEAN A R _EBEAT VI 2K, BB K 250 B 0138 9 P,

*£ 9 AGNews Fll DBpedia SCAN /3R SLIG R S50

BBt F Y

epochs learning rate batch size optimizer

1924 fastText""! 2 0.001 64 Adam
fastText 10 0.001 64 Adam
TextCNNP? 5 0.001 64 Adam

AERY B . . 133]
Bi-LSTM+Attention 5 0.001 64 Adam
Transformer™" 10 0.001 64 Adam

43 TWHERESH

S R ER AT T SGES AA HILA I HAL B 3 4 Hcd 3G 3R 5%, 45 Google AA. Fast AA. PBA.
Faster AA. DADA. Rand AA 5. [, AR30653 05530 T DADA F1 Rand AA W AR LR 7R T8 & AN SCAR SR S 1)
SCHG UG IR, 3K PRI TR AT P EEAC R MR T U S92, DADA J2 Al iy A Sk Bods i am A £ M 53, Rand AA
SE RN 2R P ARR M S, AN PN BRI TR R, Gl T /D f (015 SO A G RE B AT SR B ST R 2
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FISCA G AT 55 1K) B Bl Ak i H .

TiAh, T A [ 51T UL S 1A R, A SR SEEL T TSR LI R P 5T ARS AA (augmented
random search for auto-augment), ARS AA [FIFERAH T A T R 2= 0. B TR REN X EER 1 2R,
AR B 5 DG G SRS AE MR AL _ LR SRR AR, T SIGIIBAT 3 IR, G v AE I AR UE 22,

43.1 BRI

10K 12 AR R FIFTVELE CIFAR-10. CIFAR-100 Al SVHN iX 3 AL H5 4 LAk e 45
XTEE. SRER 45 IR W, SGES AA SkAr -G Hd S IS T 00 T 88 TUAC B w sk i v fie. Hh, 78 CIFAR-10
Bl LT HHESZ S 1 (3 584 M5053E 10 4N). 46 CIFAR-100 F1 SVHN $idl4E [V 349HE4 A 5 2.

%10 SGES AA HHABSK A CIFAR-10 £ 4 AN RIBLE N HER R (%)

595 WRN40x2 WRN 28x10 Shake-Shake (26, 2x32d) Shake-Shake (26, 2x96d) Shake-Shake (26, 2x112d) Average rank

Baseline’ 94.70 96.10 96.40 97.10 97.20 10/10
Cutout’ 95.90 96.90 97.00 97.40 97.40 9/10
Google AA 96.40 97.32 97.50 98.04 98.11 2/10
Fast AA 96.31 97.26 97.24 97.55 97.78 5/10
PBA - 97.42 97.46 97.97 97.97 3/10
DADA’ 96.14 97.11 97.32 97.80 97.83 7/10
Faster AA” 96.26 97.23 97.18 97.78 97.82 6/10
Rand AA" 95.67 96.63 96.93 97.54 97.88 8/10
ARS AA  96.46+0.008 97.30+0.010 97.43+0.012 97.87+0.008 97.95+0.006 4/10
SGES AA 96.63+0.003 97.39+0.006 97.45+0.010 98.04+0.006 98.09+0.004 1/10
Rank 1/9 2/10 3/10 1/10 2/10 -

A BRI %S R M HNZSR B A SR =5 IR AR ISA TR, ARAR* IR ZRER A R SCSe 4R RS S
SRAEF 4L 54T . RankfRESGES AASVALEITH A s Buds i s vk i 44

# 11 SGES AA FiEFHADF AL CIFAR-100 23 # 12 SGES AA Syl AH ARGV SVHN Fii 4 1

£ LORRIBES (1 R HER R (%) ANERERL I PRAHER K (%)

54 WRN40x2 WRN 28x10 S(gzkzxsghggf A::;ige ik WRN 28x10 S(gzkezfélgé‘)e Average rank
Baseline’ 74.21 81.22 82.89 10/10 Baseline 98.47 98.56 10/10
Cutout” 74.83 81.58 84.07 9/10 Cutout” 98.66 98.67 9/10
Google AA  79.28 82.88 85.71 1/10 Google AA 98.87 98.96 1/10
Fast AA" 79.02 81.78 84.65 6/10 Fast AA" 98.72 98.74 6/10
PBA - 83.27 84.69 3/10 PBA 98.82 98.87 3/10
DADA’ 78.87 81.88 84.67 5/10 DADA” 98.70 98.74 5/10
Faster A" 77.90 81.96 84.42 8/10 Faster AA” 98.68 98.71 7/10
Rand AA” 78.36 82.28 84.30 7/10 Rand AA” 98.60 98.28 8/10
ARS AA  79.10+0.015 82.68+0.011 84.75+0.013  4/10 ARS AA 98.77+0.008  98.75+0.005 4/10
SGES AA 79.07+0.016 83.11+0.008 84.80+0.010  2/10 SGES AA  98.87+0.007  98.94+0.005 2/10

Rank 3/9 2/10 2/10 — Rank 1/10 2/10 —

VA AR ORI G AT AR PRI S =5 A B ORI A SR RS O R =T F
PACREIBAT IR, AR* AR A e SO I0 4R, iR PACREIZAT IR, AAR* R A IR SO ge 421, IR
TN £ FAE R 2 P BT RankfRE SGES AASVAAE T A IR £ FAE R 20 P AT, Rank IR SGES AASVAAE T H
BB i S T A BB i i T A

432 B
X 13 AT 5520 7E ESC-50 Al GTZAN a4k v rf 28 45 5, Horh Random 48 £ 18 5 2K



14 I S TR o Al

W Z AL . SE0 45 R W], SGES AA SLIEAETE T 73 JATS5 1) ESC-50 M GTZAN 343k 21 1 fep i K 18
SRAACR.

# 13 SGES AA SELFNHAth Sy AT 5 B 45 L I HERf R 5 B (%)

el ok Hk ResNet Inception DenseNet
Baseline 84.75+0.13 81.25+0.14 87.15+.012

Random 86.20+0.18 81.68+0.21 88.29+0.17

ESC-50 DADA 89.45+0.26 83.25+0.44 89.75+0.76
Rand AA 88.58+0.31 83.75+0.54 89.08+0.82

ARS AA 88.74+0.11 83.85+0.20 89.92+0.33

SGES AA 90.06+0.11 84.46+0.18 90.23+0.20

Baseline 91.60+0.09 85.21+0.14 92.40+0.10

Random 91.55+0.21 86.20+0.18 92.93+0.17

GTZAN DADA 91.75+0.26 86.80+0.40 92.42+0.28
Rand AA 91.50+0.52 85.87+1.54 92.80+0.32

ARS AA 91.83+0.14 87.44+0.11 92.88+0.10

SGES AA 92.23+0.07 88.40+0.10 93.62+0.09

433 SCARSE

F 14 HRF I 5 510 4F AGNews Fil DBpedia 2454 1 (A HERG R 45 5, H o Random 138 $ 4 1
SR I S AU LR B, S0 45 R W, SGES AA TVl AE SUAR ) AT 45 1) AGNews 11k 31 7 J5 45 19 S04 18 50 3L
A, B2 T DBpedia ] TextCNN 58 LE A FH 3% 9 BEHLAE R (1 ARS AA BT 22 2 46, ARS8 3 T mefk 1
HHn 58 AR T S A 2 L i, AR T R A SR a8, B B SR TSR AT S IR
SR LS, T EL A B AL P 408 384 55 55 s AR T LA R B, R ) 5000 184 5 SRk I 17 2 AR AT SCAS 43 AR £ 0
TIRZALRE D).

% 14  SGES AA FEFNHAD FEAE SCARBHR L IUER R T L (%)

Himse Sk fastText TextCNN Bi-LSTM-+Attention Transformer
Bascline 90.59+0.06 91.94+0.06 91.34=0.10 90.9320.04

Random 90.67:40.06 91.87+0.05 90.89+0.09 91.02+0.06

DADA 91.57+0.08 91.75:0.13 90.98+0.28 91.640.29

AGNews Rand AA 91.04+0.12 90.92+0.17 90.410.06 91.57+0.14
ARS AA 91.49+0.08 92.1120.06 91.10£0.08 92.06+0.05

SGES AA 91.66::0.05 92.600.07 91.56:0.08 92.1220.04

Bascline 97.7120.02 98.6120.05 98.700.08 98.270.06

Random 97.88+0.04 98.10:0.05 98.26:0.10 97.95:0.08

, DADA 97.74+0.08 98.56+0.07 98.78+0.13 98.34+0.10
DBpedia Rand AA 97.83+0.12 98.490.04 98.74+0.10 98.35+0.09
ARS AA 97.92:0.04 98.76:0.06 98.82+0.10 98.44+0.04

SGES AA 98.0420.05 98.72+0.06 98.94+0.07 98.620.09

4.4 TREGITF(A T SCOERR RN MO

7E SGES AA BIE NI SRIEVEAT AR b, 5000 75 ZEKE SRS n) 2 7 40 by B (R B0 338 i S s, SR 5 P 12 S s g
AT VPA. AN TR B0 VA1t ) 5% S0 LS VPTG 100 20 ) I R 50 TR 3404 558 SRS FRTDPAT 7o A AS ) B0 VA 4R, BTG e 28 5 i 3
S (RO B O SR AR SRR B HERf . A4l E CIFAR-10. ESC-50 Fl AGNews #li4E I, &5t AR
(R VA1t D09 265 KA FHAS [ 1) I 265 B R N 8 K P A TR 35 1EAT T AH G S 3.

FR 15 BT UG Y, 78 [ 58 VP A% 0 468 I R 50 B0 18 B0 T, 15X BRI A [ 1R 74k 9 4% 2849, Rl ResNet-18 (9
28 K5 T00 45 R R ) T 17 B0) 5 WRIN 40%2 (0 25 450 78 45 M A % B 52 2%), SGES AA 75 31 (1 B4 189 5 565 W b T f &
I S5 A5E 2 ) I3 A T 2R S e A S (LR, T T R O 0 A A 2 A ) B P a5 3R A& A Bk
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5 354 0 B0 P 9 IR P R FE I 2 S R, AR IR A B 8 O 60 S8 AT, ResNet-18 FERT 4.8 h, i/ T- WRN
40%2 BTt (1) 21.85 h, {H A P 3 S 2 HA 1100 25040 389 5 SF W 7F WRIN 40x2 FlI WRN 28x10 _b [ 3 48 HE ff R R T
ZE 5 LOIR /IS TRIINE, 70 ] 78 P AN 19 465 00 PRV IR 50T, 8 5 PG 19X 268 1 0 00T 188 o, 9 i ) 10 090 48 ot SR s
FE B AW R - R B A P T, B 60 8 52 90 & ARG RILETHEE D, 90 #8 & 120 R IHETI LT A H
Ak

K15 1E CIFAR-10 PP 4k FIll g e o6t SGES AA HERAZR (13 X L
I AN AR IR UE R R (%)

GRERE S O UREIREST R WEFEIT (h)

WRN 40x2 WRN 28%10
30 2.56 96.52+0.009 97.29+0.014
60 4.80 96.63+0.003 97.39+0.006
ResNet-18
90 7.48 96.63+0.006 97.38+0.010
120 9.98 96.64+0.005 97.39+0.008
30 11.14 96.54+0.015 97.30+0.013
60 21.85 96.64+0.008 97.39+0.011
WRN 402
90 33.08 96.64+0.007 97.39+0.010
120 44.24 96.65+0.009 97.38+0.008

2% 16 FI%2 17 B0 T SGES AA FIiE¢E ESC-50 Al AGNews A |- A< [ 11 VA8 9046 4244 LA 2 R 0
YR KON S5 DU IO 28 5 R B 2 1 SO L 5 5. 15 CIFAR-10 SO 1 100 S oL, BV W66 50, P
1 19024 O 2, 0 L S 0 3 S 2 B2 O M 2o /NI (LI 5 28 VA P 2 0
SR 0 8 2 (1040022 I ). 76 5 8 D02 RO L 0 25 D025 B 8, S0 1 1 S B R M 7 B2
AR - B ToA M B TE. I, A SCE % SGES AA BEVAE KR CIFAR-10 1T e oA 0944 4
HaBiA g ResNet-18, FEA4 I ZRA0 H0IH 24 60 45 7E MR ESC-50 L FEHEII A4 1945 48 IR Tnception, 3
A5 GRAE A 5y 5 4 ZEHARAE AGNews _EFFAEREIUVEAE I 4 R HIBI Dl fastText, JFHUI 6 B0 5t o 2 46,
53K 0 8 T L 4 T 1 5 S 97 5 MR

# 16 1E ESC-50 _LAfTH Inception THAl 94 42 #4 1| R 17 A£ AGNews 1Al 4 26 SR R ZR e HoxT

YREHON SGES AA HERZR A 5L WX LE SGES AA HERf 2 (15 4 L
I AN GBI 1 A I AN GBEA 1 PaAE
- s e 12 ) p 4 I o
sty o AR PRI e op ity RN AR e op
- Inception  DenseNet - fastText Transformer
3 1.60 83.70+0.22 89.74+0.16 1 0.38 91.35+0.14 91.90+0.10
R 5 3.13 84.46+0.18 90.23+0.20 2 0.72 91.66+0.05 92.12+0.04
Inception fastText
7 4.41 84.46+0.14 90.23+0.19 3 1.28 91.68+0.09 92.124+0.05
9 5.80 84.48+0.13 90.25+0.18 4 1.81 91.68+0.11 92.13+0.04
3 1.82 83.734+0.18 89.41+0.10 1 2.20 91.37+£0.12 91.90+0.14
5 3.64 84.49+0.12 90.25+0.08 2 4.53 91.66+0.06 92.13+0.09
ResNet Transformer
7 5.37 84.50+0.13 90.26+0.06 3 6.87 91.67+0.04 92.14+0.16
9 6.78 84.49+0.10 90.27+0.09 4 9.05 91.68+0.10 92.14+0.11

4.5 FIREEX LI EMERNZM I
4.5.1 SISO SEIGAERG 2 (1 52 0 2
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Misk A
£ AR A3 D RINASCRIIRIES . W55 SRS I SR .
AL 13 VRG0SR P A Y

HA58 bR 2L ik i B AT S
ShearX (Y) PABEAMIE FEVRX (Y)Y BT A (0.5 1M A% L) [-0.3,0.3]
TranslateX (Y) PASEANIE FEFEX ()57 ) B~ MR (0.5 T ME 2R B ) [-150, 150]
Rotate DA M 2 T B4 (0. 5 B HE R BRUR ) [=30, 30]
AutoContrast PR ESEIIGLES S W RS G GET SIS S A Wl SR ST AL Sule ;] -
Invert R S %= -
Equalize Bt G H T -
Solarize S T R A R G 5% [0, 256]
Posterize FEBEMG FE IAE Bk D 31 58 s FE [4, 8]
Contrast P PRG0S Ll RE, i JBE Ay OB HH R R TR, Wit B2k 1B B H i s PRI [0.1,1.9]
Color A BB R4, 32 DA O I A B8 1 PR, 0 82 A 1IN i H st s LB [0.1,1.9]
Brightness TR IR IR ST RE, MR E b O HH X €5 MR, 2 DAy 14t s Pl [0.1,1.9]
Sharpness A2 PR RO T 2, W A OB S HE SR 1 PR, W 2y LT S D s [0.1,1.9]
Cutout AT RNy F A BE (R BRI IE 7 8 5 BB 1 Ak £ [0, 60]
2 A2 6 PR B ek B DA R i R A Y
B PR 5L Eilipa TS P WA VG
Gain LA Wk 20525 A7 TR LA AN A LI P82 BT 7980/ B 386 55 [0, 1]
ImpulseResponse DASEAN M 4Rt 5 450 5 fik oy 17 3 300 A T AR [0, 1]
PeakNormalization DAEAS M A 5 ) & AT Ak [0, 1]
PolarityInversion DS W 3 J 2 B A [0, 1]
Shift PLHEAME 2 S 5T B 1) 5 A5 808 4 [0, 1]
ShuffleChannels DA W 3 0 8 2 0 7 1 [0, 1]

HRA3 6 FFSTAKLYE 1 o o A LA B 49 i 32 A 9

R A Eiiip e e E A
Spelling AN k264 FH B 155 i 15 P R 3] R B 1] [0, 1]
Synonym PLAEAN MR F W ordNet i [R] SCTjA R i) [0, 1]
Antonym DL AN Y s SRR B 1] [0, 1]
RandomWordSwap DL HE 6 AL A2 H0e HfL 1] [0, 1]
RandomWordDelete DA HE 5 AT LA Bk 1] [0, 1]
RandomWordCrop DL HE AN ML 56 B AT LA B — 2L 3% 2 1) S ] [0, 1]
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