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Non-contact Vital Signs Measurement by
Thermal Imaging Technology

LI Mu, WU Tong, TIAN Zhejia
(College of Automation and Information Engineering, Xi 'an University of Technology, Xi 'an 710048, China)

Abstract: To solve the problems of inconvenient carrying and contact with the human body when using
current clinical vital signs monitoring equipment, a method of estimating heart rate and respiratory
information is proposed by analyzing the facial vascular model and temperature difference of the nostril
position using an infrared thermal imager as a transmission device. First, the foreground target is extracted
from the obtained thermal image sequence to shorten the time of face detection in the entire image.
Anisotropic diffusion is then used to enhance the contrast of the vascular position in the region of interest, and
the gray mean of the vascular position in the face is obtained by morphological processing to form the initial
heart rate signal. Finally, trend elimination, wavelet threshold denoising, and other filtering methods were
used to remove the trend item and random noise in the time series to obtain the final heart rate waveform,
dynamic heart, and respiration values. Compared with specialized equipment in the hospital, it was found that
the method exhibited a heart rate error of less than 4%, and the average error of the average value was 0.718
beats/min. The breathing error is within 1 beat/min, showing high accuracy and robustness and that the method
can meet actual needs.

Key words: vital signs, thermal imaging, face detection, wavelet threshold denoising, image processing,
non-contact detection
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Comparison of non-contact methods for vital signs
detection

Table 1

Non-contact

measurement Advantage Shortcoming
method
. Long-term radiation is
Strong penetrability )
harmful, susceptible
Radar and accurate )
to electromagnetic
measurement results )
wave interference
Strong portability, low Easily affected by
IPPG cost, comfortable light, cannot detect
and non-invasive at night
Non-invasive, all-day,
Thermal all-weather The image details are
imaging detection; night-time not clear and the
technology detection; support resolution is poor

for telemedicine
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Fig.3 Effects of Anisotropic diffusion filtering before and after
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Fig.9 Heart rate frequency domain analysis diagram
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Table 3 Comparison of dynamic heart rate results in male

Time/s : 2 ’ ! >
Mfbpm R/bpm M/bpm R/bpm M/bpm R/bpm M/bpm R/bpm M/bpm R/bpm
5 65 65 70 72 75 77 65 63 69 70
10 66 64 70 71 74 75 65 65 69 69
15 64 64 69 72 73 75 67 65 70 68
20 62 64 72 70 73 73 66 65 68 67
25 65 63 72 72 72 72 65 64 66 65
30 63 64 71 73 71 73 63 63 65 65
35 65 64 70 71 72 73 64 63 67 65
40 65 65 69 70 72 72 64 65 65 67
45 63 64 69 69 73 72 63 63 65 65
50 64 65 70 70 73 71 63 63 66 66
55 64 65 70 71 72 72 64 63 68 67
60 65 64 71 72 71 72 63 64 66 67
£4 LAERH D LR R
Table 4 Comparison of dynamic heart rate results in female
6 7 8 9 10
Time/s
M/bpm R/bpm M/bpm R/bpm M/bpm R/bpm M/bpm R/bpm M/bpm R/bpm
5 78 78 80 81 68 70 82 85 80 78
10 76 77 79 81 69 69 85 86 80 79
15 77 76 78 80 68 68 81 84 81 78
20 78 75 79 79 67 68 82 83 82 78
25 79 76 78 79 68 67 84 84 80 82
30 78 78 80 78 68 67 83 85 82 81
35 80 78 81 80 65 67 81 85 84 83
40 79 77 80 82 64 65 82 83 83 81
45 78 76 79 80 65 65 82 84 85 83
50 78 76 78 79 68 66 82 85 83 82
55 77 76 79 79 67 65 82 82 82 82
60 77 75 79 79 66 65 81 83 81 82
5% 10 AP L2 B 2 23 B RO MRKH W {E 45 RN b
Table 5 Deviation analysis of the mean heart rate of 10 testers Table 6 Comparison of the average results of the tester's breath
Number estimate / M./ d Number Mzr/ . . Mpzr'/ ' . Rer/ . ' error/.
(times/min)  (times/min) (times/min) (times/min) (times/min) (times/min) (times/min)
1 64.25 64.25 0 1 13.92 14 13 +1
2 70.25 71.08 —0.83 2 13.58 14 14 0
3 72.58 73.08 0.5 3 16.5 17 16 +1
4 64.33 63.83 0.5 4 12.33 12 12 0
5 67 66.75 0.25 5 13.5 14 14 0
6 77.92 76.5 1.42 6 1591 16 16 0
7 79.16 79.75 —0.59 7 17.83 18 18 0
8 66.92 66.83 0.09 8 12.33 12 13 -1
9 82.25 84.08 -1.83 9 19.33 19 19 0
10 81.92 80.75 1.17 10 17.66 18 17 +1

IRSEIG A AR, ARSCHE I T VA RE S A i b SERREI TR . AT Z A N RIS RiRZE 5%~
SR 03 BFIRAE B DL O HRP TR, O 10%A 7 —E MM, HIRRErEa rign, gkt
A5 20 1R 2 BRI IRFFIE 3% ~4%LA N, /2 PN YT = A7 S N DTN S RS S 3 S U
434



FA4E AW

Vol.44 No.4

202244 1 AR T HRARBOR B AR QA i AR R 5 v Apr. 2022

REFE PRI T A SR B SE T 3 — 2B g 0 R A
THRZE, REMTHREEL . RN b 5 gl %
Bl v DU BUE 22 I 00 T ek 0 R B AR L EE )
e R, MAF BN A F B NEAE L
LR, RPN S R IR ZE O TR E
XTI NP L 855 A iy AR AE 4G
DFEARAT WL EL, A SO AR 7 51 R SE B 1 %0
B, WP R AE R A I . S Rk s T A T
GITEAMBIE D 1 326 A TN R AR P R AN AT
ATE FRE TN, T AR SERR N Pt B A
B R AR EE s S5l ] WG EAG R L,
LA AR T 5 IR LS BRSO L IR
Wi, Ffr ARE S SC SO R XISt RS, B
RIS TS TIOR3 17
PARELIR I 7 — PR (MR T 5o FRT A AW FEK
FHIR, ARTEEARZ s AL, BRI
VA A4 8 B R A0 26 DU B RSB A7 R i v o S o
BATET i, 3T DA AR I R I s 775 T 1 e

4 58

R LA BAR A I B A B 3R BRI
37535 AT P T 2 A7 S e T AR O LR R Rk A R A
RO, BT AR E NI 18] 2R iy (AL
BEAR f7 BRI f 140 B S ARIRF AL, PRAIE 1 A I (B
Hho FLURAE L AP AR A A i AR B A AT BLAE
PSR A B, AT DAL R M 4% B A
KN A, XFERJTER ORI T i A 4l
JAER(EN = PSP Sy €732 B

£ SR 5% H b A8 1) A2 B o] 5 10 12 s
MERAr i, ZIriRE TR SBORRNAEL, 2
T o NI O B 5 R = AR 2 3 AR
RANR AL S AR KA SRR OIS DL, SHEBOR R
%o BIXHIX IR AUR] LIRS BAR B0 DL 3 & i 1 7
%, RRARE AR BIRS . W5 B S
TSI AT A ARG BT B A T AL
AN IR R, I R 5 Y R R 20
AW H BRI,

MRS R, ANATHAT AR S T
AT S S BRI A BOVE B EAT A A, 5 3]
AR 1) USR] AR AT S R R B AR A Y
UIZR5E R H BT A IR L AR IFIRAE S [F
I 3BT LUR AL AN AR BORA 5 S 3R BCE £ &
A H, Bl ke AR . ARk IR 5.
i XA Ay S AT BT N AR B RS DL, th
AL B 00 IR Bal SO SR B AT 1S F

SEH -

[1] Chekmenev S'Y, Farag A A, Essock E A. Multiresolution Approach for
Non-Contact Measurements of Arterial Pulse wusing Thermal
Imaging[C]//2006 Conference on Computer Vision and Pattern
Recognition ~ Workshop ~ (CVPRW'06),  2006:  129-129,  doi:
10.1109/CVPRW.2006.139

[2] Garbey M, Sun N, Merla A, et al. Contact-free measurement of cardiac
pulse based on the analysis of thermal imagery[J]. IEEE Trans. Biomed.
Eng., 2007, 54(8): 1418-1426.

[3] Gault T R, Farag A A. A fully automatic method to extract the heart rate
from thermal video[C]// 2013 IEEE Conference on Computer Vision and
Pattern Recognition Workshops, 2013: 336-341.

[4] B, BREEL BB, & R SR E AR O 2 3R AT o ks
MWEFE[I]. PEEE R, 2018, 54(1): 136-145.

LIANG Zhimin, CHEN Qi, XIAO Mingshu. Research on non-contact
heart rate detection using thermal imaging[J]. China Sport Science and
Technology, 2018, 54(1): 136-145.

[51 Soit, 2. FET A7 5 RGO THAN A ). FE
EHIEZTIZEFIR, 2010, 29(6): 943-946.

JING Bin, LI Haiyun. Study on nondestructive detection method of heart
rate based on infrared sequence image[J]. Chinese Journal of Biomedical
Engineering, 2010, 29(6): 943-946.

6] E#H, EEH. HT IR T 302 WY 157 7 3 (0],
FERIBERFFR: ARFIAAR, 2019(3): 324-328.

WANG Jianming, WANG Yanzhao. A new method for estimating heart
rate and heart rate waveform based on infrared thermography[J]. Journal
of Beijing Normal University: Natural Science, 2019(3): 324-328.

(7] okHk, @A, REERR, S5 RIS LA RGO i B 43 A7 (V).
BRZLRE, 1992, 15(5): 398-399.

ZHANG Dong, GAO Huihe, WEN Baozhu . Normal infrared facial
image and temperature distribution of human body[J]. Nature, 1992,
15(5): 398-399.
[8] TANG Q, DAI S G, YANG J. Object tracking algorithm based on
Camshift combining background subtraction with three frame
difference[J]. Applied Mechanics & Materials, 2013, 373-375:
1116-1119.
[9] Akula A, Khanna N, Ghosh R, et al. Adaptive contour-based statistical
background subtraction method for moving target detection in infrared
video sequences[J]. Infrared Physics & Technology, 2014, 63: 103-109.
[10] SUN D, Roth S, Black M J. a quantitative analysis of current practices
in optical flow estimation and the principles behind them[J].
International Journal of Computer Vision, 2014, 106(2): 115-137.

[11] R, 24t EUE AR U0 77 i otk R 0], BN TR 5%,
2008, 29(18): 4801.

XIE Gang. Research progress of infrared image face recognition

435



B4t HAW AN S S Vol.44 No.4
2022 % 4 B Infrared Technology Apr. 2022
method[J]. Computer Engineering and Design, 2008, 29(18): 4801. 2016.
[12] &4 A NREBRBITIFD]. G mN TR, 2011, [16]  ZEpPoE, \LFE < IARFE, fhare. BT EEP/MERE R LGS %
ZENG Hua. Research on Infrared Face Image Recognition[D]. Wuhan: MEELVELT). THEMAE, 2013, 30(10): 368-371.
‘Wuhan Institute of Technology, 2011. LI Qinghua, Senbai Dalabaev, SUN Quanfu. A denoising algorithm of
[13] x5, HP S8 7 v B R R G BT 0] RIEHE MR, ECG signal based on adaptive wavelet threshold[J]. Computer
2018(34): 150-151. Simulation, 2013, 30(10): 368-371.
LIU Hongyu. HP filter principle and its application[J]. Research on [17] QI C, WANG Z, HAN J, et al. Wavelet threshold denoising of thermal
Curriculum Education, 2018(34): 150-151. image from transmission joints[C]//2011 International Conference of
[14] BRI, E8, Tk W50 R A 56 75 12 2 b K 8L R 5 Information Technology, Computer Engineering and Management
[EB/OL]. H[EFRH 18 CAELE[2015-09-02] [2015-09-29]. http:/www. Sciences, 2011: 108-111.
paper.edu.cn/releasepaper/content. (18]  Fadfist. FETHUIRSLIS RRE00 2RI K rTAL[D]. BUM: BUMITEE
CHEN Hailong, WANG Junting, ZHANG Yan. Analysis and K, 2015.
application of time series stationarity test method[EB/OL]. science & WANG Shengbo. Continuous Heart Rate Detection Visualization Based
technology magazine online. [2015-09-02] [2015-09-29]. http://www. on Video[D]. Hangzhou: Hangzhou Normal University, 2015.
paper.edu.cn/releasepaper/content. (191 fil, £k, FIE%E. SRR TR EFREETRED. ®E
[15]  E&. DNEAAELLSNEG AR PR BTSE[D]. HEr: 2B T 7KiE, 2019, 19(6): 58-59.

436

K2, 2016.
WANG Rui. Application of Wavelet Transform in Infrared Image

Processing[D]. Huainan: AnHui University of Science and Technology,

SHI Chao, WANG Yongfeng, WANG Zhengjun. Research on
foreground target extraction algorithm under complex background[J].

China Water Transport, 2019, 19(6): 58-59.



