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Abstract

This study aims to develop a method running on a resource-constrained microcontroller unit
(MCU) for snore detection. Unlike the approach of using CNNs for sound detection, we employ the
Gated Recurrent Unit (GRU) model to process and analyze audio data. By adopting common model
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optimization techniques such as optimizing the model structure and model quantization, we ulti-
mately succeeded in adapting the GRU model to a low-power MCU platform. This allows it to inde-
pendently perform snore detection tasks on the edge without relying on external computing re-
sources and without the need for internet connectivity. Experimental results indicate that while
maintaining high accuracy, the model can effectively reduce the system’s computational power
requirements, meeting the real-time and portability needs of mobile health monitoring devices.
This research provides a new solution for the continuous monitoring and sleep health manage-
ment of patients with snoring disorders and also expands the application prospects of deep learn-
ing in embedded systems.
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Figurel. GRU model. The switch is soft, is a weighted sum of the inputs, the sum of weights is 1
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PR R, BATREEWMMINZG—A GRU BLAY, BIAIZF Gk Keras, A i EIEEE AT %3
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import tensorflow as tf
from tensorflow.keras.models import Sequential
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from tensorflow.keras.layers import GRU, Dense

# FJ%E GRU A

model = Sequential()

model.add(GRU(128, input_shape=(64, 64), stateful=False, unroll=False))

model.add(Dense(2, activation="softmax’))

# Gty

model.compile(loss="categorical_crossentropy', optimizer="adam’, metrics=['accuracy'])

# KA 25

model.fit(x_train, y_train, batch_size=128, epochs=10, validation_data=(x_test, y_test))

B TXEFIRERMA, (64, 64). BEARER? E3Cid GRU B SLpr ERB R A A — 14
FEREE, BSOS 02 (L, 64). X HIFBRA M XA AMRE T, XEBHA 64 75 AAEH 4.
A —A~ 64 o5 timestep, 55 =4 64 RN EAURHEMIAERE . A A0 0T AR AR . — IRk, FRATRZ—kiE
Xf 64 HIELEHTE B RAEREAT IR, IXAERENE B0 4F A AL BR A AT 2 TR) RO AH DG o 3 BL I B AIURF fIE 2 by — B [
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FIR—ANFEE, AR R batch #H BARAS . XX T ACERIS 18] 7 5 S i B 5 B H Bl e b B K
HIIE, ATCAPRERE R FPIRS S S, AR IERA batch 2 [A]EE . BRIAFEOLT, stateful 2300 False. 7
BUERMZ, #ERE stateful 4 True, T[EFIHEHREMWEE.

unroll 2% BRIAEWL T, unroll %A False. 4 unroll & 4 True I, FoRIETHER £ 8 IF RNN
IEFE . EEHHT, MTEERFH, unroll &y True LA ETHEEEE, (HXT TR FH, 7]
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Figure 2. GRU model block
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new_model = Sequential()
new_model.add(GRU(1, batch_input_shape=(1, 1, 64), unroll=True, stateful=True))
new_model.add(Dense(2, activation="softmax"))
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new_model.set_weights(model.get_weights())
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Figure 3. GRU model with time-step 1
B 384825 1 A GRU RE!
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PERRY 025 1 75 B Y AT oAk, B A Ji B gt e K 7 GRS R R, IR (128, 127)
Z 1) 8 AL BEHH[6] . XA I UF AL 2 T DA/ R RN, ] DL A8 B 2 BT I 1/4. P4, MCU %
BT X T HAT 8 A HCR AR E (AL (A E I B8 . AN Mk, RS RE S BT R BE, B
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CREATE PROJECT v OPEN PROJECT

Figure 4.elQ Portal tools
4.elQ Portal TR

FHEAT T IRAT IR A B R E (AR, i A2 F A1 Convert 1354 #: T. 2.4 Tensor Flow Lite, 3%
% EnableQuantization, 1% 5 Fizs.

Conversion Options

Basic Options

Model Name (O Default Input Shape (B

Enter Model Name ‘ 1 ‘ 1

Input Names ® Output Names @

‘ inputs ‘ activation

Labels file ® Quantization Settings @

’ [ Choose File | No file chosen ‘ Enable Quantization
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Input Data Type @
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Figure 5. Model quantization
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4.1.i.MX RT1060 L& &/

i.MX RT1060 ¥ 5 MCU #1f5 600MHz ({45, mJLARAL BRI 5ae 1. 2 Rk T RE DL K Sy
hft, ST, .MX RT1060 %A 345k 600MHz [#) Cortex®-M7 [FJH2At— i 2 4 FE. .MX
RT1060 MCU X £ 5a i fEVa [l i@ T 9% 7 TR . i =ik IMB B ENAE, 45 512KB
ff] FlexRAM, fg R IE I 732 N ITCM/DTCM/OCRAM. £E5% T 4% DCDC A1 LDO i e Y545 P e,
faifk BB FE B o R $RAL T 2 R 1232 0, £14% SDRAM, RAWNAND FLASH, NORFLASH, SD/eMMC,
Quad/Octal SP1, Hyper RAM/Flash DA K FoAhz 11, 7T LLEREE 40 WLAN, #6277, GPS, displays LA & 544
AL S . RN BT B B, A4S LCD SR, SoninidEss, 4kE0, SPDIF LA 12S &
B

4.2. BF SDK # elQTFLm TR TIERIE R

AT EREME, GRU BIRANE T — BT CNN [BIRIARLL, AR k2 — 8. 5l
Hi, elQ MODEL TOOL 2% GRU #5 [ fiff i HH 55 B2 A (1) TensorFlowLite i SCHF IR 51 BT 24 i A2 2 2%
) IXBE—K, T LA FRATT TensorFlowLite 51 #EATHEHE T o 1% B2 %] MCU _E 28 H tflite-micro
HEHR G| BEREATHERE . Tlite-micro A5 H — b 5533 WEATL ) o 5 W0 6 50— 16 S T8 ol e 381 s 24 A o ) T
TG XPUE TN TR BRAIE R MCU |, F EARME IR B 75 47 SRS o MR VRS . X
AT elQ H label_image i+ 1F R AilidE 4712 24 # 2 T2 # (1) model_ds_cnn_ops_micro.cpp 3L,
B WA SR B RN ST I SR, JEOR I 1B T HERE label _image BT ST, AT AT &
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tflite::MicroOpResolver& MODEL_GetOpsResolver()

{

static tflite::MicroMutableOpResolver<15>s_microOpResolver;

s_microOpResolver. AddAdd();

s_microOpResolver.AddAssignVariable();

s_microOpResolver.AddCallOnce();

s_microOpResolver.AddFullyConnected();

s_microOpResolver.AddLogistic();

s_microOpResolver. AddMul();

s_microOpResolver.AddReshape();

s_microOpResolver.AddReadVariable();

s_microOpResolver.AddSub();

s_microOpResolver.AddSplit();

s_microOpResolver.AddSplitV();
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s_microOpResolver.AddSoftmax();

s_microOpResolver.AddTanh();

s_microOpResolver.AddUnpack();

s_microOpResolver.AddVarHandle();

return s_microOpResolver;

}

BEUFZ G, AR R F e T & C B e U e e (il an, EH xxd TH),
I T model_data.h B AT AL S B IR AARCAY, SSEHL TITA OR TR I A4 AR . RN T 28
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PABE R A2 .
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Figure 6. Overall architecture
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