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Spectral Knowledge Distillation with Integrated Feature Enhancement
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%

Abstract: Existing generative adversarial network (GAN) compression methods focus more on optimizing network
architecture and the spatial domain, while neglecting the impact of spectral-domain optifnization on distillation
effectiveness and model performance. This limitation results in discrepancies between lightweight models and teacher
models in generating high-frequency image details. In addition, ‘conventional feature extraction methods in image
translation often cause detail loss. To address these issues, this study proposes a spectral knowledge distillation scheme
with integrated feature enhancement (FESD-CyeleGAN). In FESD-CycleGAN, by shifting certain feature channels in the
feature map, the receptive field is expaﬁded and feature diversity is enhanced, thus improving both the details and the
overall quality of generatedaimages. Moreover, since spectral-domain knowledge distillation enables the generator to
capture high-frequency details of images, knowledge distillation in both the spatial and spectral domains is integrated on
top of feature enhancement in the feature map. This approach enhances the model’s ability to preserve fine details in
generated images. Experimental results show that on the horse2zebra, summer2winter, and edges2shoes datasets, FESD-
CycleGAN reduces the FID by 2.19, 0.68, and 0.76 compared to the baseline DCD model, achieving scores of 54.98,
73.41, and 27.45, respectively. The generative performance of lightweight models is effectively improved by FESD-
CycleGAN.
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[, TR 2K Boan B B I (8) 7

Glylcf;ls mag LGaN = Eyey [108 DT(Y)]
+E.ex |log(1 - DT (G ()]
+A,¥Byex [log(1 - DT (G5 ()] (8)

Horr, Y FoR BB A0, X R N . A0
— AT SHL, 2 A = O, 22 A RS R 4458 2 T
TR, RRAG 2 A A s AN P B S U A A 2R AT
XRS5, AT P 70 AT BAAS - 5N ST ) 2 2
F &5
232 JEREIRK

AR Lo, T 10 RAE R AL AT 55 RE A8 7
AT BT T IR 4R EJM@‘%{ L, T3 WIS
BEARR Ly MRFE BB R Lpege. S TR A (9)
FroR: . ' -

- e
\ Lpe-r =i /lsty 4 ley + Afeat * Lfeat (9)

o Ly 3T 524 i B4 5 HBR B0 Gram 46 1%
SRR IR A AE, AT B 525 B % 5 E b MR 2E IR
& _EARAL Hat &A= (10) Fros:

Lay = ) [G@(GT () -G@(GE ), (10)

keJ
Hr, 86 J a8 A BRI IEZERT], G() N Gram
FEFEI 5.
Lieae TEHITRINZER VGG W 48 e A8 15 240 28 ik 2
A A RS B i AR R AE 2 () S .
AR (1) fiow:

1
Lteat = kz; AT |2 GT () - 2 GE (), (1D)

Hrr, Con Hy B0 W, 73 HIRIRER ke J2 P AIE & 1) T JE
B S EAMEE. R D) IR ELATIZR VGG 4%
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FRERELII SR k2 R
233 FIHIFEME SR

TERT GAN WIAERUES ., TR A S B A
F & IS BARE, BRIl 5l T 2B AR, Bk,
W HE A TR LR 5 SRR D AR RO Ak
L ST PR BRI A i AR AE 40 ) 85 o ) 2 A b 22 R
8 A B EHEAEAN R IR B 200 1 S M R R A
HitBE AKX (12) fios:

Laca= )| Y KD} (h(f(G] (), DY (h(FGS ) (12)

kelp i€l
o, Gy() TR £ RO A0) R 07 52
BRI H, P T VR O 5 A R SR 8, DA DC P
SR\ O 48 A () IRAHFAER SRR, DT F5
BOTHIH 2550 k2 MR 10) R B RS R AL o R
IR AR P I o T A 2 R ) G X T R
Ui 5 25 2 1 R S R 3 53, P LA A e
3 R R 1 27 BBOMI 5 25 o S B v IR 4 2 3
S Ay, e )R £ 2 P R LS PE BURSAE, (R
15 5 5 LAS) T 52 2 B A R R P £
2.3.4  BUEAEIL
P TR Lpecnrar FI TR SO U 2 1)
AREAE PEI 025 A A 2 R P 7 AT 1 R 1
PEBE. PSR, I AR AL R () SRR T
5t A AR P R T 8, SRR R SC i
FOHE PO e JBIIRANT 5, SR IR R e Y 2
T o B Y 2 A A R 5 S0 A 2 ) B 00 22

S, AT AL AT b A g B I R R Sy 5

3 (13) Fion:
Lypectrar=y_ ) USCPR(F(GT (), NeCUUCACM)

kelp i€lg 3

g 4 (13)
Horfr, ¢() FR IR EEALLE, F T ARRAE R b S U 15
B SC() A 73 245, F T S A s Sk,
235 Bk
Zier bk 4 Bk, ARSCH AR R R Ban =t (14)
Fos:

min max(Lgan + Lper + Aded * Lded + /lspe : Lspectral) (14)
GTGS pTr

Fot, Agea T Agpe NIRRT, ASCHp K () 5 AN
ST INN Adeas Aspes Ateas Asty K Agy FLRARIRE
IAE SIS R o VEAN R AR

82 R4 # ¥ System Construction

3 SKh
31 ®E
3.1 HEsE

CycleGAN 7 B #4041 55 o0 G 7 YR 3 AN H bR
VB AEAE —— X B ) Bl 777 A2 T DAAE R BC R A AR
LA B IIW A ] O R Rk, A SCHE
horse2zebra Al summer2winter P> A B %o 45 55 4 B
PEEE - XF FESD-CycleGAN #7817 51256 Xt T Pix2-
Pix, AR SCAERC X HH 5 edges2shoes RithAT S0, Horh,
horse2zebra $HfE a5 ™ FIBED P2S FEI12, 5 7 it
HAR 2 5] Th RLBES BIANS 2 1] (e T, 5 Se Bl
BE 15 AOAH L #54 summer2winter K55 00 & H 7
FIATRI R S RG, B 55 32 5] | TR A A TR AN
Z IR RIS, H A A2 S E ZR g s A 2R 1 s I i 4t
edges2shoes U 2 A0, 55 1 10 58 B 1] 5 06 97 1 3
BIR, B 75 2 > INAE 0 21 8 - R R i aft, e 008 0
T BSR4y B B G . RN 1) T
EIZ.
312 sEE

ASLAE CycleGAN #i8 Fi#E47 T 100 4~ epoch [
Wk, WIHE24 ) R UEE N 2x107, batch size W E N 1.
AR SR GE K, FEBEOEEN: Lgea=1+ Agpe=
0.27 Apg=1x10" Ay =1x10*, Ayl IHALR LI 45 R
12 e 15 T L, 7 9286 47509k RTX 3080 Ti
GPU |34, JAE AR HE it DCD Jr kAT 7
g
3.1.37 Al fEhR

X 3K FH Fréchet inception distance (FID) 4545k
Xt CycleGAN AR 114 Be J#EAT VPAL . FID il Hiill 25
[) Inception-v3 [ 2% $i& B 3L Sk R 5 AR pl AR R R AiE
W) &, AR 5 T BURFAE 7] & 2 (A ) Fréchet BE 25, 15 3
FID 1H. FID WEERAK, 2o sl G B 43 T L s ]
B HatE AKX (15) Firos:

FID = [l =+ Te(5 4%, -2(5.5) ) ()
Horfr, p, R g 27 HCSE BN A BB RS AR 21
3, NI Eg 2R 718 B RFAE [7] B A AR SRR AIE [ B 0 W 07 22
32 EEHE

FEXT 8 B4 AT 7T, D9 1 % S & R Y
PEAEAE, e i s 36 At L AR o . f£5R 1 i
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Bi% FESD-CycleGAN 534 ] GAN H 45 /7% 7E hor-
se2zebra. summer2winter F1 edges2shoes £ #54E I i3t
AT, INF 1 F AT LA Y, 7E horse2zebra ##E 48 I,
KEZHINAE I GAN JE4i T AR INBNA L, FEFID
{HH G BT LT 281, OMGD. DCD LA K A SCHE H )

1

FESD-CycleGAN J5 ik g i & 5 FHE AL g, o
FESD-CycleGAN [ FID R T IA 1) GAN k45
J71%. 1F summer2winter fl edges2shoes (#4 I,
FESD-CycleGAN ] FID fH [FI ¥ 15 2| LL LA ) GAN
FEAR T B 45 AR

JE4i CycleGAN B F horse2zebra fil summer2winter (354 . JE45i Pix2Pix b T edges2shoes FHEE 0T i P RE LL 1%

T EAEEE Fik MACs (G) SHE (M) FID ()
Original™ 56.80 11.30 61.53 (—)
Co-evolutionary!™ 13.40 — 96.15 (-34.62)
DMAD"" 241 0.28 A N 6296 (-1.43)
Wavelet KD 1.68 L 072 " © U 77.04 (-15.51)
horse2zebra GAN compression!"”! 2.67 5 034 64.95 (-3.42)
CAT 256 | - A 60.18 (+1.35)
OMGD™” * 1408 0.137 59.81 (+1.72)
DCD™! 1.408 0.137 57.17 (+4.36)
CycleGAN FESD-CycleGAN 1.408 0.137 54.98 (+6.55)
a Original!"”! 56.80 11.30 79.12 (—)
' " Co-evolutionary!™ 11.10 _ 78.58 (+0.54)
& . AutoGAN-Distiller™” 434 _ 78.33 (+0.79)
. e iner DMADE" 3.18 0.30 78.24 (+0.88)
CATE 2.60 — 78.29 (+0.83)
OMGD™” 1.408 0.137 75.20 (+3.92)
DCD¥” 1.408 0.137 74.09 (+5.03)
FESD-CycleGAN 1.408 0.137 73.41 (+5.71)
Original™ 18.60 54.40 34.31 (—)
DMAD"! 2.99 2.13 46.95 (~12.64)
Pix2Pix edges2shoes OMGD™” 1.219 3.404 ¢ L 29.39 (+4.92)
DCD¥” 1.219 3.404 g0 (+6.10)
FESD-CycleGAN 1.219 L3404 = 27.45 (+6.86)

HAKIT &, A SCHEH ) FESD-CycleGAN A LT 5
961 CycleGAN THELEFEIL T 97.5% . ZHERFL T
98.8%, K I H L HT f AL 777 DCD 5 AL 5 1 PE RE.
7E horse2zebra H(¥E4E I, AHEL T DCD, FEESD-Cycle-
GAN 1 FID L)\ 57.17 We2,54.98, FII A H F 504
CycleGAN HIMERESEF 6.55. [EAFEERZ, DCD )
FID {4 57.17, B4 KB H &AM %G8, W
FESD-CycleGAN J7 475 o] DLtk — B4R THIERE. h4h,
7t summer2winter (i 4£ I, FESD-CycleGAN ]
FID 18 73.41 It DCD K FID 1 74.09 F[% 7 0.68; 7£
edges2shoes £ #i4E I FESD-CycleGAN /] FID {H
27.45 . DCD ) FID 18 28.21 FF& T 0.76, MEREFFE
53] 717, Bk, FESD-CycleGAN fE3RTHZ B4k
FRARVERE T T s T BRI .

NEIE B3R FID Busk it al SEE, #E— P AE edges2-

shoes Heid | A5 1 LPIPS 55 PSNR P4 %
FUEAE br. S 45 Rk 2 Fios, ML Original £ 7,
FESD-CycleGAN ] FID {6 FF#% T 6.86, LPIPS F#X T
0.008, PSNR #£F+ 1 0.09 dB. 3 Wi#545x34 2L H —EH
etk s, #t— PR T LA FID A% O VAl b il 16 &
PR S AT SEE.

%2 FESD-CycleGAN 5 Original J7¥:7E edges2shoes

HEsE LR Z IR Tl
Jiik FID(])  LPIPS(])  PSNR(})(dB)
Original 3431 0.191 21.08
FESD-CycleGAN 27.45 0.183 21.17

33 Ak

5. 6 Frii— B I T LS CycleGAN 5!
OMGD. DCD LKA FESD-CycleGAN HAY i A4
R AR AT AL 8 . 1 7 R BT AN A R
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JORKTEG. NG SR AT LUE Y, 7F horse2zebra £ £E I, summer2winter {#E4E I, FESD-CycleGAN H& 5 1E {%
FESD-CycleGAN MU A T #050 RCR B8 4 1 MR, ik R I S5 G T 2K (0 [F) IE, S R R T SR XU L TE
B HAR R T MR BT AN A b A R 46 O edges2shoes ¥4 _F, FESD-CycleGAN £ B T3 it #
FESD-CycleGAN it A= 1 1) B L 4% SCHE 37 Wi B . 76 RGN

Original OMGD DCD FESD-CycleGAN
Input MACs: 56.80G MACs: 1.408G MACs: 1.408G MACs: 1.408G
Params: 11.30M Params: 0.137M  Params: 0.137M Params: 0.137M

5 fF horse2zebra, summer2winter 44 b5 ATE CycleGAN [ AT LAL ELAL \
-
Original OMGD DCD | FESD-CycleGAN
Input Ground truth MACs: 56.80G  MACs: 1.408G  MACs: 1.4Q8(':‘ MACs:1.408G
Params: 11.30M  Params : 0.137M  Paramsi0.137Ms  Params: 0.137M

P&

6 7E edges2shoes H#i R I 5 LA CycleGAN FRT AL HL A
FESD-CycleGAN

DCD

K17 DCD 5 FESD-CycleGAN J5 ik ARAN AT X LE Ohf R 5. B 6 HRE 1) A 2%)

~ ¢
AN

DCD FESD-CycleGAN DCD FESD-CycleGAN

—
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3.4 JHRELEAR

REEFH PCS J5 1 B 250 8 o v e 51 & T )
R, T B AS T 1)L i A% R S T e R R AT
GHZIR. ik, 7E Baseline (BL) _E#F/T W Ahs2E6, A
X 3 ANERE VAL FO P RE A 2. BL 45 46 CycleGAN
SRR,

F 3 IR TR E RS« = 1/8 AW AL R
|h|=2 264, 4 Bl A 7 I I PERE T L. SR gl Rk
B, K HX Bi-directional #EZCREUE IR 1S H A FID {8
73.96, MM AE il 2 B H ST (1) M fe.

£ 3 4w M NAT BL #ALE summer2winter

BngE LPERe LhER
W R e WIEE| A i #% 77 ) FID (])
— — — 74.09
1/8 2 Uni-directional 74.05
1/8 2 Bi-directional 73.96
1/8 2 Cross-directional 74.26
1/8 2 Quad-directional 74.24

fE 4 ARSI T T 4ERFS )7 Bidirectional
A IERFE R o = 1/8HIZAF T, AR A% M B X A5 73
PEREMIRZ . 1] LAE B, BNMIRFEIREE (|h)=2) Rete
AR AR FIVERE. M Im S R FE BRI (|h]=8), B& 1)
2 (8] Je 301 T e 2> T BN T B MR B FRAIR. PRItk Kt O
FEIE P () B BRAE L, B A 3.
K4 AFEWFEIREN AT BL BA7E summer2winter

B AR PR HL
W Ji 1A BIE R o WL FE |y FID (])
— — — 74.09
Bi-directional 1/8 2 73.96
Bi-directional 1/8 4 74.23
Bi-directional 1/8 8 75.46

LA, 7 (S 77 14 Bi-directional 1 (i 2 B 1
=2 1 2 P, A T R (R B % P B
. 2 5 T LG Bl = 1 /SRR LT E/N (1/16)

R (1/4) 1w F2 L 1.
£S5 A[FEIEIE WFEF N T BL BIE summer2winter
B g T Re Hh A
WFs 7 17) R E |y BB R R FID (})
— — — 74.09
Bi-directional 2 1/16 74.18
Bi-directional 2 1/8 73.96
Bi-directional 2 1/4 74.25

N T MR B IE W Fe (PCS) J7 A RIAITE 28 14
K Lpectral X ASCHEH 7 FESD-CycleGAN FA 1 /g

SO, AT TV BT T, L RO i K s A 1 4
R, GERINE 6 P,

* 6 JHBEhSZIG FID 4551 ()

7 horse2zebra summer2winter
BL 57.17 74.09
BL+PCS 56.06 73.96
BLAPCSHLgpeciral 54.98 73.41

M 6 AT LLE i, 1F horse2zebra H4R &, &
SCH)TTIEAE FID fE B3 T B K RCS J7iZ A BL
2 J5, FID M\ 57.17 VA5 5 56.06, FE(E T 1.11. ix %
W, i A% # 7 JEAERRIE B REAE S o 5 VA Rt TR
R G R & T S PCS Uy vk S A AR i ok
Lopect 45 20K, /2 FESD-CycleGAN i), 7
BN FID 1 54.98. 1% Ui B, olodk J5 1) 40 ) 88 15 X
g3 LSRRG AN AR B B D7 T R RE 115 2 T 1G9, AT
B O A R A AR R B B v I ER . [E R L, R
summer2winter 235 & 41, ¥ PCS FiEMA BL 2 )5,
FID B M\ 74.09 B#A%E] 73.96, BRK T 0.13. 145 & 4k
UK Lopecrral J, BREHUS T f0fE FID 18 73.41, 2
B4R EG R E FIS T BERT
3.5 HIEBYEST

Al FESD-CycleGAN 7E 52 s 4fE 2 o 72 P G 11
B, fE RTX 3080 Ti GPU LA B 75,
*F horse2zebra il summer2winter %ﬁ%ﬁiﬁﬁ T HEER I
[, 5256 % B A batch size=1, #EFEHTHE(T 100 YT
3, B L e e, 10 9K PR BRI O
PREST S Ml 45 R4 7 77, FESD-CycleGAN 435
¥ Original HL7 [ F 3554 B 5] M 8.87 ms F1 8.65 ms
PRI 6.49 ms fil 6.13 ms, HEHE R TFZ) 26.8% Fl
29.1%. 456 MACs FIZ 5 & 1) KR K46, FESD-Cycle-
GAN TE# T MG 5 1 A i B ek 7R ReR, A
5 R ) SR B s 7.

K7 OWHEMERER

GRS Fik MACs (G) Z4(& (M) iR (ms)
Original 56.80 11.30 8.87
horse2zebra
FESD-CycleGAN 1408 0.137 6.49
Original 56.80 11.30 8.65

Jwint
SUMMELEWINET pESD.CycleGAN  1.408 0.137 6.13

4 5
FEARSC A, BT — P 3E TR 8 5 1 AT 0 1R
N7 ——FESD-CycleGAN. % J5 38 i 1| F 184 3%
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S BVRFAIE P, 2 22 () S FT AT SR 45 6, LS EIL B =g AL
I HIRZE 18, AT B % 75 A B PG A SR 30 HS SRS 4 1
YT DA S R R AR o . SIS 25 FAIER T FESD-Cycle-
GAN 7t € & HE MM Re B 1 B2 14T, 75
BGUFE T FESD-CycleGAN A5 7Y (145 24 P FHAJ B

S AT 1) AR VR B T4 T, ARAT) A AE 5k 2
[i]. 7F horse2zebra M 4 If) G e ¥ AT 25, A= i3
Ly 2k S0 . SR, AR B B SR AUR Ty i T —
i e 52X, R = 08 1 2 R SRR 9T n] LUIB S 45
G 2 REEA A L LSS R R 4a Bk, i — B Ak
B NI HR T AR il R ) o B, [R] B gk T S A A fih

S 30k
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