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Design of Adaptive Pillow Based on Deep Learning
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Abstract: Sleep quality, which influences human health, can be greatly enhanced by a pillow with proper height.
Substantial studies have revealed that the pillow’s height for persons lying on their sides should bq} greater than that for
them lying on their backs. This paper introduces an adaptive pillow based on deep learning, which can recognize human
sleeping positions to adjust the pillow’s height. The paper also presents hardware platform design and the construction and
transplantation of neural network models. First, the pressure sensor and the air pressure sensor embedded in the pillow
respectively collect the pressure of the head on the pillow and the .‘!a,ir pressure in the pillow airbag to generate a time-
series data frame. Then, the IDCNN-GRU network model identifies and classifies the sleeping positions. Finally, the
pillow’s height is adjusted according te classifications.

Key words: sleeping position'recognition; time series; deep learning; IDCNN; GRU
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3.2 1EESHITE

AL AR PRI ZRTE PC ML EREAT, Ab3E 28
A IntelCorei5-7300H, M 4% 8 GB, ‘& KA NVIDIA
GTX1050 (2 GB), 1# /7 TensorFlow F1 Keras ¥ /& % >
*Eﬁu

PR 25 A R PRI 5 2 AR DR RE b 52 M SRR AAE 1) 22 2 %)
TR BB 1R 2 W 45, 12 0 2% 2 2] 159 31 I RRAE R AE
REJI R, B EE038 n, 2 m] L2 5] B3R AE g

B R AR BERAIE, v] DUSE S A5 2 2 HRRAE RN . 2R
T, P28 2 30 2 B 5 9 28 R I T 186, Y FERE 2 1
THRURIAF il PR, T EL X 4% B IR AT g o T B AN T
G, R R E R R G5 M AT 2R 5 5 8.

PR 26 B0 NN R . Bas = A 2.
B — 2 NMNE, TE1%)Z 18 N T 3 58 1) — il i)
8. M4 I Z 1A Softmax 44z 2 M RK,
%2 R HERE T 7 3 R A4, AL —
il 6 BORZS, BT A 2 E’Jéﬁﬁmf

¥ 2% 1 2 354 6 ), tzul V2R, %
M ﬁﬁ@ﬁ}:*ﬂ\ GRU ):'QHEE ﬁﬂp K8l B HT 3 )2
77 Q’E%*ﬁ};, ﬂ??fmﬂliﬁﬁ\ﬁﬁ SEAIE, SCHR [9,10] H

VEHEE R 3 I, CAFIREIRER. B S5
2 RSERHE. R ES, 8 —ZE L 64 MEM
H T HRBURE, H &R RN E N 10, 7258 3 JZ 9
JE X 32 NEMIZ, BRI KRN E NS, 2B 4 2R E
FUR/NA S IR KA R, 25 5 /208 GRU =, K114
FOTA B E N 64. LA IETE Adam fRALEEN Y, Bk
BR HI0M FH A OIS PR mR B BRI 50 IR, R ZE 4R
2R bR ORI SCIRES, B LRI 2RI B B R 50. YT
AR AR L F) Dy 8:2.

33 LR

ARICRF T HERIR (Accuracy)- *ﬁ)# (Precision)~
HEZ (Recall) F1 F1 {8 (F1- score& XTWH%T;‘%?CEE
TR /ﬁﬁﬁzﬂs?g{”ﬂﬂ?ﬁ PIAEAR T B A AR A LA A
JEFR UM A A, B IR IEREA K . £ [l R
ﬂ%ﬂ?\;EﬁfZIUP, A Z /DR IE K IEFEA. F1AEZ
RSP 5 5 A AT 2.

TP+TN

T ELR

A = 1
MY = TP FN+ FP+TN (16)
TP

Precision = (17)
TP+FP
TP
Recall = (18)
TP+FN
Pl 2 X Recall X Precision (19)

Recall + Precision
Horpr, TP om0 B IEREA TR N IERE A, FN 750 IERE
KW A FAEA, FP R R GO AR TR N IEAE A,
TN L= SRR A TN N TR AR
X R R BEAT IR AR )5, /3 BIREFEFE . A ]
ORI FUAR, 03 1 .
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Input: (None, 80, 2)

Convld 1 input: InputLayer

Output: (None, 80, 2)

Input: (None, 80, 2)

Convld 1: CinvlD
- Output: (None, 71, 64)

Input: (None, 71, 64)
Convld_2: CinvlD

Output: (None, 62, 64)

Input: (None, 62, 64)
Convld 3: CinvlD

Output: (None, 58, 32)

Input: (None, 58, 32)

Gru_1: GRU
Output: (None, 64)

A
Input: (None, 64)

Dense_1: Dense
Output: (None, 6)

B 12 LA gt g
%1 1DCNN-GRU #5432 45

— Bl

FR 1 2 3 4 s 6

1 9 7 180 0 0

2 8 412 19 0 0 0

3 9 61 443 0 0 0

4 0 0 0 477 51 26

5 0O 0 0 67 417 37
6 o 0 0 16 12 577
Recall (%) 949 803 864 861 800 954
Precision (%) 838 858 923 852 869 902

Fl-score 089 083 089 086 08 093"

{5t b, 62T F 0 4 R 4 AT 5280,
190K [7) 0 4 P00 iy ORI 7 32, 1% 2 T,
%0 WL R

Y Param # Accuracy (%)
BP 742,506 81.5
IDCNN 57,990 78.2
IDCNN-LSTM 77,862 87.6
IDCNN-GRU 71,654 87.3

3.4 HROH

SRR, M LT HoAds 3 P 244581, 1DCNN-GRU
AT IDCNN-LSTM #4 R (¥ #E 1 % 5 51, 1DCNN-GRU
B S4B s /b, AR TAE 5 HL R R A,

IR B, 18 N 25 R 08 S~ — 4 XU IE B 7
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H4, 1DCNN 1] DL > 4 76 Bk g5 0 b (A4 1E, 42
B 1 R R AL, A R B ERHAE. I BB FUZ
SR FH M 6 32 e A BUAR 3 =2 1 3% 42 7 5, e K I B
RSHHE, P T 22 R LR TR 2 T
— RS, B T NS SR, T4
it IDCNN Ji5, $2EUAS 2 1 REAEAT B A B PR, BT A
LSTM F1 GRU W% ] DA RUCHI AL BRIX EERFAE. 17 H, GRU
£ LSTM Hy5:al EuAb 7171454, fREF 75 LSTM #H
ITERIBCRI RIS, > 1AL SRR, A0 T A
AU S5 IR 8] \ -
\

\

4 i | ) -

STM32CubeMX & —METEAL T A, LU STM32
AL BE2EFEAT BC B, A B BT AT BT AAR i C 1R
F 6. STM32CubeAl & STM32CubeMX f)—A T E
£, BT DURE T35 U G 1 N T 0 I 266 2 36 Jl mT LA
B HL I AT ARG,

PN ZRIT IR AL S A hS U S N STM32CubeAl,
I X 12 A5 R HEAT o3 At AVIGAIE, 15 A R BT 5 A 9 AN
o> B0 UE 45 RRVE HE B, Qi 13 1R 3 Fow, e
A2 B HLARAD TR SO, HRTE S L HIE AT,

o

ace~ 100, 00%,  rmsc—0. 000000,  mac—0. GO0O00
6 classes (10 samples)

co o

Cl

o) . . .

4] " . F a 2
Cc4 = : F = 3

Lo . . . . - Q

1310 HIRIF B R TR I H e

K3 BT & BRI
input input_0 [160 items, 640 B, ai_float, FLOAT32, (80, 1, 2)]

inputs (total) 640 B
output dense 1 nl [6 items, 24 B, ai_float, FLOAT32, (6,)]
outputs (total) 24 B
params # 71 654 items (279.90 KiB)
macc 3441 242

weights (ro) 286 616 B (279.90 KiB)

activations .
18 688 B (18.25 KiB)
(tw)

ram (total) 19 352 B (18.90 KiB)

5 gk

ZIAh R |

AR RN AHAT S5, [ T 1IDCNN-GRU ¥
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IR AE PC ML ERAT IR ANEGALE. 323, XFEL T BP.
IDCNN A1 IDCNN-LSTM M85 3% K 1DCNN-
GRU M 25 i B RS b 22 50 ML, JRAE SR v Bl BB AT, fe
B bR B 2 EH T SR R A O IR A TR 4R,
e AL T /b RS0 N s, BLE D,
2 BRI AL AE, W ZS B AN RE R S 2%, BRI 1
LEIIRIE, S T iZ N S B R 2R, T — B
R RS OO AR, 3 — DR m L R
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