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Algorithm 1 Latent Loss Algorithm
Require: Latent vectors of input signal L
Input: L € RY¥¢ {t: length of time axis, ¢: # of channels}
Output: LatentLoss € R
1: A,B = Split(L,s) {A € R!*s is for Sleep stage scoring,

B € R¥*(¢=$) is for signal reconstruction}
2: Lossq = Sum(AT A)/Sum(Diag(A))
3: Lossy = Sum(BT B)/Sum(Diag(B))
4: LatentLoss = Lossq + Cs - Lossy,

—s

4.5 2B A&

Bl b FERE Adam(n = 0.001) [13] ZEHL, Ny F¥4
X 128 T 100 B2 21T/ o 7=, MFEHT — X DFEDS 5 [H
HRTRRO RN o7 SRR T &8, 30 O CEENET
L7.

5 FFfili % B&

FEEIIE 7 AV A E LD R ST A3 2 3 % SHHS1
F—Xtw b [14][15] 2HEAT 5. MERESZRZ720 40 %
DR o#eBE H S RERP O iz, BN, REMFEZZHL -
DT, AEBETREMEES (C4-ALF v Y20, TV
J TR 125Hz, N4 )RR 7 4 V& — 0.15Hz) # 100 Jiftk%
T3, 252, Al LTE2TORESEY Y Y V7R
E 100Hz TYH > 7V v 7 L7 .

5.1 REETIHIFEERSZMHIIL TRIELTVSHER
B2 i

IV a—RELOBERBANS VLVEET, 2O0F ¥ 3L
T RMY X TEBERE T o ERER 2 1ORT. #RT
TIUVIANEEZEBOBEERITHRL TWE Z e BfZETE
B, FONER o TWa. ANESH I (13-14 BAHE) 12
WFHER R 77— N2 R CTH 5 K HEDVRDONDH, O
HHRIIN L DD DEERPMRFEFL TV BEICRZ 5. HROE
ERBFARZ PV TREEEHELTLES &, 27 —JHELTIC
o THHEBRAPEE TRV Rtx iz 212, ZOBE
RHARZ MDBED RrNE 2T, BREESNEATLES
AMREMED B 5.



[ 10 B EY w0 0
150 Y
100 — W
FFT(raw) [15
50
0 1
N
EY 'm
100 “J UaLATN 5
i MY LA A A At A - ) o -
150 M \ g e e e I 0
o 3 6 9 » 5 5 21 E 2 EY
fsec]
a2 el 2] 2]
0 10 B EY © B o 10 kS 30 £ EY 0 10 n EY ) E 0 10 » 0 © 50
» By n
0 cleaned £3 Cleaned #5 cleanea £10 Cleaned #8
FF(cleanca #3) | 15 FFT(cleancd #5) [15 FFT{cleaned #10) |15 FFT(cleancd #8) |15
0 i 1 10 10
o B 5 B 3
M ! . ) o
© 3 6 9 B B 1B A M T N © 3 6 9§ 1 B B A A A D © 3 6 9 1 15 1B 2 2 2 B ¢ 3 6 8 B B B A A A B
sec sec] fsec] Bsec)
21 e (2] Ha)
0 10 2 EY o E [} 1 20 30 o 50 o 10 0 EY ) E) [} 10 2 30 “ 50
% 20 » 0
50 deancd#7 [ 4 |~ craned#3 deaned#l | 4 |~ ceaned #6
FF(cleaned #7) |15 FFT(cleaned #9) 115 FFT(cleaned #1) |15 FT(cleaned #6) |15
0 10 1 10 )
™ s 5 s 5
0 A Alv
© 3 6 9 1» 1 18 A M T B o 3 6 o L B B A A 27 D o 3 & o0 1 1 18 2 22 2 B o 3 & o L 1 B 2 W 7 3N
fsec] fsec] fsec] Isec)
] e} tHz] Ha)
0 10 20 EY 4 £ 0 10 2 El 0 0 0 10 0 0 “ E [} 10 2 El L 50
2 2 0 x
s0 cleaned £4 cleaned #2 dleaned #0 cleaned #11
FFi(cleaned #4) | 15 FFT(cleaned #2) [15 Ficleaned #0) |15 FFT(cleaned #1) |15
o 10 n 10 n
. S . -1 ;
vv‘ I \
I AT A LAl W AV

A 0 |
2 u T B 0o : & 9o L 1’5 18 2 A 27 1 o 3 6 9 L 15 18

X2 13-14 B K EE8ER LN 0. MR 7 —2 N2, L

EEEEE) o 3 u 7 W

TLDMH () & JERE

38

MR (K, T BERENRY Mre—o3 olBLb 0 (#) ¢ EREHEK ().
R b ER [Hz), REENT © IRRRE [sec], MEEAZE @ HRWE [LV], MEhG C FET RO O

# 2 JuEB%E AN L7 U-Time OIERITTHI

—— accuracy(%)
mse

+ S : FHlZ L
o W NI N2 N3 R
éj: \/ W | 221 3 4 0 18
o e e e e e B Sni| 6w 5 0 2
B3 Rl D BROFIBTER S R L OB, Ell  RREFAD Accu- g N2 2 1836 17 12
racy ¥ RMSE Of# H N3 0 0 6 24 0
R 0 0 3 0 161
5.2 ZMLEESEHEETILCAN L THEREOHE %3 ERRRREAH L U Time OEE
25— DI & o TEER RV ¥ RS MR FHF A
N7 bV S IERICH D BV CHEIR 2 7 — S HIE % 177 o 72 W NI N2 N3 R
® Accuracy ¥, ASEE L FEES® RMSE 00 BH % N Wjmeo4 20
3IcRT. MED 8 REECOMERINY FALEID I S A
W7z X2 Accuracy BREL RWBB 208, TOREET % N3l o o 26 4 o
o T2IBHERBND PVIZREIR R 7 — DB ICHE R HHREE R| 33 1 5 o0 125

LTW3 e RELR. 7THBDBERBARS FAZED RV
MATOBHESZR 41TR7. 62, BRESZAHVT
U-Time [1] THEBERE S ET 20E2HEL

TE5% U-Time ICAJ] U CHEIRA 7 — PH¥IEEITR o T b
ZDRFEITAIEER 212, BRETAIEHRLESEANLE
ROERTHZE 3 1ITRT. EREIREZAZHLDOHER/RD
Accuracy 1% 0.91, 0.83 THo7z. ZORERH,»S, BT k-
T—HOREBIERIRIE L T LE -7 EZI LN 5.

6 & =

HER L 72E51%, FETH 2 K EEDOIIRD B 2 FEFEHE
Faxhoob, ZoMDEs OIRESIAIECHSILTED, [/
4 RBRE - BAZBD DIRE) COWT—EDRRYH o7zt
Bbhz. LhL, ROBROEBERENRZ MLOZIMES
HHICAELFG LAV ORIFL ALY TH o270, BIER

BARZ PR OBEPSE ENAUTFERIZ I D R0 DIz
7255,

&

ARANBEHIHES 7 A X - HAEZRE - BT 525
EET VR L. BERINRY PLEHNL L CHIET 2
EERD 5, BRETIE— D DRI Z B ODEERTREL
TLTLE>TWB I 2R L. 20720, #YRIBHER
BANZ PVERDBRL 2T, RIRZ 7 — MBI AR B
e 2D R M TERWI EAbho T,

SHBOME Y LT, MEMBEHIRT 2%, BERHRY
MVRAEPEGED RV E S R TRERMY A3 Z 8T, R
e /AR - AHANERS 2R TBES 2 € 7L ORFEICE

o
af

7



[Ha
[ 10 0 EY Y 50

—— # of removed: 0
100 FFT(# of removed: 0)

[} 3 6 9 2 5 B 2 ) 27 EY
sec]

[Ha
[ 10 0 EY Y 50

—— # of removed: 7
100 FFT(# of removed: 7)

[} 3 6 9 2 5 8 2 2 2 EY
sec]

4 JifE5E () b 7 oOEEEEOBERIINY FALERYBRWERETO/IES. (F)
Ml IRFR [sec], MEERZE © 4RIE [wV], WA FET o7 O5RE

H L. [10] Grinstein, Eric, et al. ” Audio style transfer.” 2018 IEEE in-
ternational conference on acoustics, speech and signal pro-
= cessing (ICASSP). IEEE, 2018.
8 Eg:j ﬁ [11] Krizhevsky, Alex, Ilya Sutskever, and Geoffrey E. Hinton.
o ”Imagenet classification with deep convolutional neural net-
ABFED A, JST L—> > a v b (JP212£0127005), JSPS works.” Communications of the ACM 60.6 (2017): 84-90.

BHFE (JP22K19802, 19156917, 19K20334), (#%) S’UIMIN [12] Simonyan, Karen, and Andrew Zisserman. ”Very deep

convolutional networks for large-scale image recognition.”

— ) -
BT & 5. arXiv preprint arXiv:1409.1556 (2014).
[13] Kingma, Diederik P., and Jimmy Ba. ” Adam: A method for
. stochastic optimization.” arXiv preprint arXiv:1412.6980
X ik (2014).

[1] Perslev, Mathias, et al. ”U-Time: A fully convolutional net- [14] Zhang GQ, Cui L, Mueller R, Tao S, Kim M, Rueschman
work for time series segmentation applied to sleep staging.” M, Mariani S, Mobley D, Redline S. The National Sleep
arXiv preprint arXiv:1910.11162 (2019). Research Resource: towards a sleep data commons. J

(2] Danker-Hopfe H, Kunz D, Gruber G, Klésch G, Lorenzo Am Med Inform Assoc. 2018 Oct 1;25(10):1351-1358.
JL, Himanen SL, Kemp B, Penzel T, Roschke J, Dorn doi: 10.1093/jamia/ocy064. PMID: 29860441; PMCID:
H, Schlogl A, Trenker E, Dorffner G. Interrater relia- PMC6188513.
bility between scorers from eight European sleep lab- [15] Quan SF, Howard BV, Iber C, Kiley JP, Nieto FJ, O’Connor
oratories in subjects with different sleep disorders. J GT, Rapoport DM, Redline S, Robbins J, Samet JM, Wahl
Sleep Res. 2004 Mar;13(1):63-9. doi:  10.1046/j.1365- PW. The Sleep Heart Health Study: design, rationale, and
2869.2003.00375.x. PMID: 14996037. methods. Sleep. 1997 Dec;20(12):1077-85. PMID: 9493915.

[3] Gatys, Leon A., Alexander S. Ecker, and Matthias Bethge.
”Image style transfer using convolutional neural networks.”
Proceedings of the IEEE conference on computer vision and
pattern recognition. 2016.

[4] aC, Ancoil-Israel S, Chesson AL et al. ”The AASM manual
for the scoring of sleep and associated events: rules, termi-
nology and technical specifications.” American Academy of
Sleep Medicine, Westchester, IL, 2007.

5] HAMERY:Z, STk BRI~ =2 7L, (F) 54 79
AT, 2016.

[6] Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. ” U-
net: Convolutional networks for biomedical image segmen-
tation.” International Conference on Medical image com-
puting and computer-assisted intervention. Springer, Cham,
2015.

[7] Jadhav, Pankaj, et al. ” Automatic sleep stage classification
using time - frequency images of CWT and transfer learn-
ing using convolution neural network.” Biocybernetics and
Biomedical Engineering 40.1 (2020): 494-504.

[8] Jiang, Dihong, et al. ”Robust sleep stage classification with
single-channel EEG signals using multimodal decomposition
and HMM-based refinement.” Expert Systems with Appli-
cations 121 (2019): 188-203.

[9] Verma, Prateek, and Julius O. Smith. ”Neural style trans-
fer for audio spectograms.” arXiv preprint arXiv:1801.01589
(2018).



