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Atrial fibrillation detection using millimeter-wave radar
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Abstract: A novel technology is proposed for non-contact and real-time detection of atrial fibrillation using millimeter-wave

radar. A 60 GHz PCR millimeter wave radar is used to continuously detect the chest echo signal of the subject. After signal

acquisition, [-Q signal is generated through [-Q demodulation, and the signal phase information is extracted using effective

points phase trend evaluation for obtaining the signals from oscillations in the chest wall, from which the respiratory signals

and cardiac signals are extracted through digital filtering for the analysis of cardiac movement. Whether the atrial fibrillation

occurs or not is determined by the characteristics of atrial fibrillation wave in the time domain. The effective points phase

trend evaluation for extracting more accurate signal phase information and the time-domain method for real-time atrial

fibrillation detection are the innovations of the study. The experimental results show that the proposed method achieves a

detection accuracy of 99.2% in clinic.
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Figure 1 Flowchart of atrial fibrillation detection using millimeter—

wave radar
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Figure 3 Cardiac signals
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Figure 4 Spectrum when atrial fibrillation does not occur
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Figure 5 Spectrum when atrial fibrillation occurs
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Figure 6 Chest wall oscillation when atrial fibrillation does not occur
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Figure 7 Chest wall oscillation when atrial fibrillation occurs
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Figure 9 Accuracy of atrial fibrillation detection for all subjects
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Figure 10 Peak count statistics of atrial fibrillation waves

WEVEEH 7.3, 90% () B TH oA N B Bk 1 B0
9.5; 1M X4 b7 8 & A= i, X%F 52 0 v B B ik 0 5K
16.5,90% 1y R it 404 T b B 04 K T 13.5. B
W, B BRI K AT By B WA A R I Y IX g
JE 3 3 ACBIFGE A H %) B S8 B R I AT L MRS b S
IR B R A T

3.3 GREESHT

3.3.1 BEEPRE] A I 0T s BRI g e R
PRI 7E 0.3~0.6 m. I B A3 K& B 5 1 A 2 L
LA BT 5 1Y 5 B BRI, DA T 5 i) 3] A ¢ 1) A DU
R

332 AEEERS AR E N IEX 2 M
frE, B LA 52 08 B, 45 52 8 B s 2 R KA
o TR TR IR R R . AR IR AR X A2 i Bl e
HRAE—E XA N, 2 BRI H 00w 2%

333 MERE ZIE USRS A AR
SEERAERG BRI L AR UE A AT B I R A a2 3R
ARSI Ao A P R L R, — BURE EE KR
SIERR S S G 2k L

4 4 g

AT 5 4 T — Tl 0 ) 5 T2 K D T Ok Y g
R4 AR R G, 8 R B AL BB B T T — A8
EK o TE 13 AR MBI R, 5 BRI A v R
499.2% , %25 HAE B T 5 BRI % A 1) M B 4 A S
FAME, WAEB] EPPTE M43 &t . Aok ik — & 1E
o DRG B, I s B8 AR A T A ), e AR 20T
REGEERBEVERNSIE ER. RIS 1
il A 4 ik X %) o BRG0P B8 T — o S A, 7E
PR AP N L 5 Sl R ) [R] H TTR I X R ) &
TR, HATTT R K RS

(5% 30ik])

[1] Hindricks G, Potpara T, Dagres N, et al; ESC Scientific Document
Group. 2020 ESC guidelines for the diagnosis and management of
atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS): the task force for
the diagnosis and management of atrial fibrillation of the European
Society of Cardiology (ESC) developed with the special contribution
of the European Heart Rhythm Association (EHRA) of the ESC[J].
Eur Heart J, 2021, 42(5): 373-498.

FREEF LS ARFRGS A FEER A CEFELER
2, PR BT SRS BB E R IEER A S5 aE):
B AT 89 A28 Fm 8 77 A (2021) [T ], P A Ak F A E, 2022, 26
(1): 15-88.

Chinese Society of Pacing and Electrophysiology, Chinese Society of
Arrhythmias, Atrial Fibrillation Center Union of China. Current



1 9

- 87 -

knowledge and management of atrial fibrillation: consensus of
Chinese experts 2021[J]. Chinese Journal of Cardiac Arrhythmias,
2022, 26(1): 15-88

[3] ShiS, Tang Y, Zhao Q, et al. Prevalence and risk of atrial fibrillation
in China: a national cross-sectional epidemiological study[J]. Lancet
Reg Health West Pac, 2022, 23: 100439.

[4] GuoY, Tiany, Wang H, et al. Prevalence, incidence, and lifetime risk
of atrial fibrillation in China: new insights into the global burden of
atrial fibrillation[ J |. Chest, 2015, 147(1): 109-119.

[5] AnY, Ogawa H, Yamashita Y, et al. Causes of death in Japanese
patients with atrial fibrillation: the Fushimi Atrial Fibrillation Registry
[J]. Eur Heart J Qual Care Clin Outcomes, 2019, 5(1): 35-42.

(6] AEXR IAD, &, F . TS5 FE G RALRSITART
#E[J]. P EAFE S, 2023, 26(1): 104-112.

Tang ZJ, Sun GZ, Wang J, et al. Cost-effectiveness analysis of early
screening for atrial fibrillation: a review of recent advances [J].
Chinese General Practice, 2023, 26(1): 104-112.

[7] Kirchhof P, Bax J, Blomstrom-Lundquist C, et al. Early and
comprehensive management of atrial fibrillation: executive summary
of the proceedings from the 2nd AFNET-EHRA consensus conference
research perspectives in AF[ J]. Eur Heart J, 2009, 30(24): 2969-2977.

[8] Gladstone DJ, Spring M, Dorian P, et al. Atrial fibrillation in patients
with cryptogenic stroke[ J]. N Engl ] Med, 2014, 370(26): 2467-2477.

[9] Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/ECAS/
APHRS/SOLAECE expert consensus statement on catheter and
surgical ablation of atrial fibrillation[J]. Heart Rhythm, 2017, 14(10):
e275-¢444.

[10] Desteghe L, Raymaekers Z, Lutin M, et al. Performance of handheld
electrocardiogram devices to detect atrial fibrillation in a cardiology
and geriatric ward setting[ J . Europace, 2017, 19(1): 29-39.

[11] Svennberg E, Stridh M, Engdahl J, et al. Safe automatic one-lead
electrocardiogram analysis in screening for atrial fibrillation [J].
Europace, 2017, 19(9): 1449-1453.

[ 12] Barrett PM, Komatireddy R, Haaser S, et al. Comparison of 24-hour
Holter ~monitoring with 14-day novel adhesive patch
electrocardiographic monitoring[J ]. Am J Med, 2014, 127(1): 95.

[13] Rosenberg MA, Samuel M, Thosani A, et al. Use of a noninvasive
continuous monitoring device in the management of atrial fibrillation:
a pilot study[ J]. Pacing Clin Electrophysiol, 2013, 36(3): 328-333.

[14] Elliot CA, Hamlin MJ, Lizamore CA. Validity and reliability of the
hexoskin wearable biometric vest during maximal aerobic power
testing in elite cyclists[ J]. J Strength Cond Res, 2019, 33(5): 1437-
1444.

[15] Langer A, Healey JS, Quinn FR, et al. Detection of atrial fibrillation

in asymptomatic at-risk individuals[ J|. Int J Cardiol, 2021, 334: 55-
57.

[16] Pagola J, Juega J, Francisco-Pascual J, et al. Yield of atrial fibrillation
detection with textile wearable Holter from the acute phase of stroke:
pilot study of Crypto-AF registry[ J]. Int J Cardiol, 2018, 251: 45-50.

[17] He M, Nian Y, Liu B. Noncontact heart beat signal extraction based
on wavelet transform [ C]//2015 8th International Conference on
Biomedical Engineering and Informatics (BMEI), 2015: 209-213.

[18] Zhang Y, Li J, Wei S, et al. Heartbeats classification using hybrid time-
frequency analysis and transfer learning based on ResNet[J]. IEEE
J Biomed Health Inf, 2021, 25(11): 4175-4184.

[19] Fang GW, Huang CY, Yang CL. Switch-based low intermediate
frequency system of a vital sign radar for simultaneous multitarget and
multidirectional detection[J]. IEEE J Electromagn RF Microw Med
Biol, 2020, 4(4): 265-272.

[20] Wang K, Zeng Z, Sun J. Through-wall detection of the moving paths
and vital signs of human beings[ J]. IEEE Geosci Remote Sensing
Lett, 2019, 16(5): 717-721.

[21] Jing L, Liu L, Zeng Z, et al. Advanced signal processing for vital sign
extraction with applications in UWB radar detection of trapped victims
in complex environments|J]. IEEE J-STARS, 2014, 7(3): 783-791.

[22] sk, AT, thF . —A-GHa0 2 RE EAMRFRS B &
Jrik[J]. BHEARR, 2022, 39(3): 130-137.

Hu XX, Xia CY, Xu F. A robust measurement method for human
respiration and heartbeat based on millimeter-wave radar [J].
Aerospace Shanghai, 2022, 39(03): 130-137.

(23] 3hi& R TR E K09 3F B M IR-FR 412l A 5033 (D]
AL s A b F ALK, 2022,

Sun J. Design of non-contact sleep apnea monitoring system based on
millimeter wave radar[ D |. Hangzhou: Hangzhou Dianzi University,
2022.

[24] Wang F, Zeng X, Wu C, et al. mmHRV: contactless heart rate
variability monitoring using millimeter-wave radio[ J]. IEEE Internet
Things J, 2021, 22(8): 16623-16636.

[25] Chen J, Zhang D, Wu Z, et al. Contactless electrocardiogram
monitoring with millimeter wave radar [J]. IEEE Trans Mobile
Comput, 2024, 23(1): 270-285.

[26] Bahmani N, Rouvala M, Kaarna A. Vital sign detection using short-
range mm-wave pulsed radar[ C ]//2021 IEEE 3rd Global Conference
on Life Sciences and Technologies (LifeTech). IEEE, 2021.

(% #E M A)



