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Noncontact Sleep Efficiency and Stage Estimation for Sleep
Apnea Patients Using an Ultra-Wideband Radar

SratH 2ol

Sang-Bae Park’, Jung-Ha Kim*

{Abstract)

This study proposes a method to improve the sleep stage and efficiency estimation
of sleep apnea patients using a UWB (Ultra-Wideband) radar. Motion and respiration
extracted from the radar signal were used. Respiratory signal disturbances by motion
artifacts and irregular respiration patterns of sleep apnea patients are compensated for
in the preprocessing stage. Preprocessing calculates the standard deviation of the
respiration signal for a shift window of 15 seconds to estimate thresholds for
compensation and applies it to the breathing signal. The method for estimating the
sleep stage is based on the difference in amplitude of two kinds of smoothed
respirations signals. In smoothing, the window size is set to 10 seconds and 34
seconds, respectively. The estimated feature was processed by the k-nearest neighbor
classifier and the feature filtering model to discriminate between the sleep periods of
the rapid eye movement (REM) and non-rapid eye movement (NREM). The feature
filtering model reflects the characteristics of the REM sleep that occur continuously
and the characteristics that mainly occur in the latter part of this stage. The sleep
efficiency is estimated by using the sleep onset time and motion events. Sleep onset
time uses estimated features from the gradient changes of the breathing signal. A
motion event was applied based on the estimated energy change in the UWB signal.
Sleep efficiency and sleep stage accuracy were assessed with polysomnography. The
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average sleep efficiency and sleep stage accuracy were estimated respectively to be

about 96.3% and 88.8% in 18 sleep apnea subjects.
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Fig. 1 Equipment setup: The subject lies on the
bed with the UWB radar located on the left
or right at a distance of 0.04m to 3.6m
Mearwhile, the PSG is attached to provide
the GT signal (Fig.1 (b)); (@) We used the
XeThru X4 module in a box for measurements
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do] 7%e] AHI} B HUESL RS
Z3p7] 93 =23tk Table 1914 H:= Ay}
Zo], W5 $HTETEE 9o% Snoring,
Insomnia, Lethargy®} Periodic Limb Movement
Disorder(PLMD)2] &H& Hfskal Sk 7 &
o] T PSG 2] ot ojgle] ek W
A A otk wxlﬁsﬂ ol 25414 6247}
2] tjokslA AT YA oA RE= wjea}
of &doict. 123l B AE vl ekREE A

o 0, lad
A7AA Bl I e™ Body  Mass
L 1= 2]
Index(BMD+= 22.748 38.67F4] T3]
Table 1. Summary of the examines
Sub | Age [Weight| Height | BMI Sleep
ject Géndel (vear)| (kg) | (em) |(kg/m?) 034 [ESS|RACRIHDL (Comments|
NI | Male | 25 93 169.9 | 322 mild 0 5 2 | Snoring
N2| Male | 41 120 | 1763 | 38.6 severe [ 14| 5 7 | Snoring
N3| Male | 27 71 176 2.9 mild 6 2 | Snoring
N4 [Female| 52 | 73 | 170 | 253 | mia 12| o | 14 | SnOrine:
Insomnia
& y snoring,
N5| Male | 28 68 173 22.7 mild 17| 10 | 20 PLMS
N6| Male | 28 85 185 24.8 severe 6 4 2 | Snoring
N7| Mate | 43 | 74 | 150 | 228 | severe |17 o | 10 | Snorive:
Lethargy
N8| Male | 38 34 176 27.1 | moderate | 7 | 11 0 | Snoring
N9| Male | 34 71 171 24.3 | moderate | 3 9 4 | Snoring
N10| Male 50 66 162 25.1 severe 5 8 16 | Snoring
IN11|Female| 51 | 64 | 157 | 26 mid 15| 12 [ 6 IS“‘""‘S'
nsomnia
IN12| Male | 62 | 77.290 | 172.8 | 25.9 mild 9 2 7 | Snoring
[N13] Male | 29 68 171.9 23 mild 15] ¢ 10 | Snoring,
Snoring,
o)
IN14| Male | 62 65 167 233 | moderate | 14| 9 18 PLMS
[N15| Female| 58 60 158 24 16 | 10 4 Snoring |.
N16| Male | 35 93 162 354 | moderate | 7 7 3 | Snoring
IN17| Male | 31 109 182 32.9 dk 16| 17 | 17 | Snoring
N18| Male 41 119 176 38.4 |verysevere| 9 4 11 | Snoring

OSA: Obstructive Sleep Apnea, ESS: Epworth Sleepiness Scale,
PSQYL: Pittsburgh Sleep Quality Index, BDI: Beck Depression Inventory
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Fig. 2 The signals estimated from the raw signal;
(a) Preprocessed signal; (b) Clutter signal
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Fig. 3 Calibration of the breathing signal using an
algorithm that tracks the position of the
chest during sleep; (a) shows the result of
not using the position tracking algorithm for
the chest area; (b) shows the result using
the position tracking algorithm for the chest
area
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Fig. 4 The result of calibrating the breathing noise
caused by the motion of the subject during
sleep; (a) Breathing rate graph before
correction; (b) Breathing rate graph after
correction.
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parameter2
= normalize{motion2)

parameterl
= normalize{motion1)

parameter3
= normalize(motion3)

parameter2 # 0
&8& parameter3 # 0

MOV_PARAM
= (parameter2 + parameter)/2.0

| TEST_VAL
= 4.0 X mean(MOV_PARAM)
v

for k=TH2+1:1:length_stg-TH2
ADPT_TH(k) = mean(MOV_PARAM(k-TH2:k+TH2))+TEST_VAL
end

v
ADPT_TH_CENTER = sortADPT_TH(floor(length(sort(ADPT_TH)})/2)-1); |

EST_AWAKE =0 EST_AWAKE =1

Fig. 5 Conditional operation for awake stage
estimation
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Fig. 6 First step process for REM stage estimation
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Fig. 7 The hypnogram for sleep stage of GT vs.
estimated sleep stage for a patient with
very severe sleep apnea
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find(st_RESP_FREQ == max(st_RESP_FREQ))
v

tmp = RESP_FREQ(k:k+TH2)
for pp=1:1:length(tmp}-1
tmp2(pp) = abs(tmp(pp)-tmp(pp+1))
v

k=midx:1:length_stg - 2

cont=0;
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if tmp2(pp} > 0.034 : cont = cont +1;

_______________________________

cont == 0 && mean(tmp) < m_t_resp_freq+0.U%
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SLEEP_ONSET = k+2;

Fig. 8 Algorithm flow for obtaining the sleep
onset time
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Table 2. Error rate analysis for sleep efficiency and
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Table 3. Estimated result analysis for total event of
3 stage of sleep

onset time

Extraction M| SD | puse | Ace. Corr
results

Sleep Efficiency| 5 21 57 | 46 | 96.3 |R=0.8568
(%)

Sleep Onset | 5| 95 | 57 | - |R=0.9405
(min)

3.3 +H oty = Ant

(Awake, REM, NREM EHA))

Total Eventoll tigt Sleep Stage A= #H=
w7} Stage®| % Fvent®] 7|55 olgslo] Axt
£ gelsiley. 1= GTel ZAxket H|isko
Accuracy®} Correlations AFESH3ICE Table 3
oA He AW o], Hd AYEE 95.3%,
Correlation 7= Awake Stage 0.834, REM
Stage 0.899, NREM Stage 0.884= E St} 71&
HH9L, 1019 H e W =2 2wt Fov]|
St Avs @RI 4= SIStk Table 4= Confusion

Matrixs 7]9he2 7} Stage®] Sensitivity2};
Specificitys £l Jtk 12|13 True Positive

Rate(TPR)®] Awake StageE =W, SensitivityZ}
A AE Hoh 1 ol H AdEielA
Awake event7} 27| WAfste] 1 epoch= 25
e Sdatoll & FokE wlA7] wiolt). &
2le] Atofd= TPRO| Hat °F 73.7%, True
Negative Rate(TNR)-> B+t °F 89.2%% Kot}
J8]3 FYEE= 88.9%, Kappa AlGE= 0.630=
71&9] ‘ﬂ-—rLJ’% e Ayl HEeloh (6l
Table 504 Hi= A3t o], 7]&e] o+ Axt
(6= A7t /\}%“% os Aus AkEsielh
SEANE $-2]9] e PHRES 2] HlolE
£ ol§sto] A= eIk 1 A¥h Table

Extraction| M, | 8D, | rusy | M,g,,.| Acc. Corr
result | %) | %) | %) | ) | 6)
Awake | 37| 27 | 19 0.834
REM 531 33 | 23 4.7 1953 |0.899
NREM 5.0 | 4.2 2.2 0.884

Table 4. Estimated result analysis epoch by epoch
of the sleep stages

Extraction Mean SD Toial Toaal
Result %) %) Mean pot
%) %)
Awake | 43.6 13.8
TPR | REM | 91.7 9.9 73.8 9.3
NREM | 86.2 4.1
Awake | 94.5 2.6
TNR | REM 92.1 4.0 89.2 6.6
NREM | 81.1 13.1
Awake | 89.6 5.6
ACC | REM 92.2 3.9 88.8 4.8
NREM | 81.1 13.1
Kappa 0.63 0.13 - -

Table 5. Comparison of our classification performance
under different sleep stage patterns with

prior works
State-of-the-art Ours
Stages
Acc. | Kappa | Acc. | Kappa
REM / NREM | 86.6% | 0.659 |92.5 % | 0.617
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Table 6. Our classification performance for sleep
stage patterns

Stages Accuracy Kappa
Sleep / Awake 89.6% 0.77
REM / NREM / Awake 88.8% 0.63
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