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Abstract

In this paper, we propose new methods for solving jigsaw puzzles using deep learning techniques.
As an interdisciplinary intellectual challenge, the complexity of jigsaw puzzles grows exponentially
with the number of pieces. This paper introduces an unsupervised learning method based on a mod-
ified AlexNet convolutional neural network architecture for solving the jigsaw puzzle problem of
natural images. This method improves the performance and generalization ability of the model by
constructing a puzzle task prediction network. The experimental part is carried out on the self-
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made fruit and vegetable dataset, and the effectiveness of the model in puzzle restoration tasks of
different complexity is verified. Finally, the paper summarizes the research results and puts for-
ward the future research directions.
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2. BEARMEEH ST IR
2.1. AlexNet EFRIZ ML
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Accuracy (HERfTE): SRR DL s BE B HERA PEZH & B 1k

Invariance (ANAETE):  — N IBE SRV B AZo0] e 8 RN~ B B B B S A8 (b AR R A I AS R

Robustness (B-# ). MFLLBIEM R 2R ESEBFERKREMASER, FyERZII6eER BT
HERW R4

Scalability (FIF4e 1) Bl 5 P 1] SRS RO (3 o, A S AR5 PR e 1) 52 2% P38 R0 72 [ 52 0 R AR
FRE— BT EIAA

Generality (G#HPE): PFEISEVETT LA H TA R PP EEG, mEBAaE, KEERMEaEE.

Computational complexity (T15 2 44 1%): N T i&E &L N HFET, PFERGERZEA R R G HHE%

3. AR SHENSB
3.1. AlexNet R EL22

AERAF B LER LS T 2L AlexNet 224, JREFREEAE S 0T oREAT T RG AR, B, fA
R =WIE N RGB EE, BRINEB R N(64 x64). HERERE. L2 SIS R EE Y. £
LBRUZHIMEH T Conv2D, HAEZKIERIZEEA R 96, 256 55), LAFEHUH 2 2 IRIFHIE. &)=
BREZ JEYIIMN T it 83 —1k(Batch Normalization) kb3, X 45 BT Il Ziid fE e fa e iRl . B0 R
04 F SELU (Scaled Exponential Linear Unit), HARWIT:

X, ifx>0

SELUx =1 .
e’ —1,if x<0

Hp A B—MNERSE, WEIUEN A =1.0507, LS BEMR S AEWRME R 0, 728 1,
25k SELU Bud R BUE b I EEEA T 0, FEBIET 1, XM ifF SELU 7E IEf A X R F72R
PE, MR AN X IR AR ROE, AT MM G R MR R B R S S IRE WA
W4, FHEL ReLU WS k4L, SELU e 5 BAG Gk, (EI7EALEE &G s AR T R 4, IF
H#FHBE—erRe:, SELU A Bh T 2SI 2R Az e A SIE & . MaxPooling2D A2 7E I/
B RAT B RINHR B OCEAE 2, I s BB R . AR S, 208 T £—26H
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384 M(3,3)NEMIZ, KH “same” H7; HIUZFN =240 5 TZEHRNE 256 13, MBI,
TNKRA “same” M. BWEERRTPALE, B =4RHEEE P A —4, DEESRMENEERE. BEEAE
ERE, XM 1024 MU AEREE, @i SELU WS R BLBIEELE AL, JEE N T IER
PRI DT AT G . RS & ] 1.

3.2. CFN $EE 55 7 o 4%

USSR T 224> AlexNet BERUVE N, AT B EIB O HES B . BRSNS E5E, €
S AENE (B AMNZARE D PHEBRIRN), KX n? M7 L2 AlexNet FRIESRIE
PURFESREL, 530 n® AN A AE R S5 XX SeREAE A Concatenate BEATHHE, DI EHRHERE B . &
Jas R EAEFRHE AN EIER R . SERRIEWE, 3—E00 2048 M A eiER R, Eid
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Figure 1. Schematic diagram of the AlexNet feature extractor architecture
B 1. AlexNet 4F{EfR B33 M R 2 B
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TR BRI AR, AT — MZACRE IR .
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Table 1. Comparison of accuracy for various data

1 BROIEEHIEILE

IS {E/ MIRVE/E/T) R TRIAE B 5
99 69 69.70%
474 348 73.42%
906 668 73.73%
1386 1062 76.62%
2157 1655 76.73%
4203 3178 75.61%

FANBAE SIABARMEL, AR IS R I —E L, wEOy Mtk E o, &
JE 5 MR AN 2 iR « A G IMRHESR B 7240 SIFT #1 HOG A L, A2 T F A T T8 v (RRFAE,
M2 RENS A ) MEE P2 STRAE, BRI RCRAN 5 32 BURFLIE SR 0T . RV S R AOIR B 2 1 B
VGG HI ResNet 7EVERE FRILE AU, (HENTEHEME R, THETHEERROR. TABRNE A E
NS RIS, BEREARIE AN R S5 O R SREAT RIG %, JF AN SRS E R, Ak, fE
A RO T RE SRR Z IR A . IR, AR AN [F] R 49 1 ) A P BAT B K Bk . 546
AR fT FRLFK) LeNet AU EL,  SEIG 45 R BOR AR AERFAE SR B 2 2% R U RE 0 B B %S, @&
ARPE ST 2 (R B T . R AR BRI R RN, RERS REORSHEILIE R B IR AL B, R B R P
B, FEACEEEA AR EANTEAR O ACRGF I, g AR T8 7 XA, (EARE R {T) REHE g [X
TP IEDT R

RIKEER TN E R E &

Figure 2. Before and after puzzle image
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SR, MERAEAE—E RIRYE. THER AT I, RS AT SCI s AF N RBLMTT, (E TR
SEI SR N S5t A A A (8] o, AT v OB R BRI, TSR0 BE T B T i 1 S
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