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RESEARCH ON REAL-TIME MONITORING METHOD OF
MOVING TARGET HEART RATE

ABSTRACT

Heart rate is one of the key parameters to measure the health status
of individual life activities, and it has physiological value that can not be
ignored in the prevention and treatment of specific cardiovascular
diseases. Therefore, how to get accurate human heart rate measurement is
of great practical significance for improving human health. At present, the
methods of heart rate monitoring include contact heart rate monitoring
and non-contact heart rate monitoring. The most typical method of
contact heart rate monitoring is to measure the heart rate through ECG
signals. However, this method requires the user to attach wet electrode
pads to the chest when it is implemented, which undoubtedly brings
inconvenience to the user. Non-contact heart rate monitoring is mostly
based on remote photoelectric plethysmography, which has the
advantages of convenience, safety and economy. However, this method
has some limitations in practical application. In the real scene, the target
1s moving, the illumination changes dramatically, and there is redundant
information in the collected video. These factors will affect the robustness
of the heart rate monitoring algorithm to some extent. At present, most of
the research sets the object in a static state, and there is little research on
the above problems. Therefore, in order to solve the above challenges,
this paper studies the real-time heart rate monitoring method of moving

targets, taking moving targets as the research object, and the main work is
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as follows:

(1) Aiming at the scene of moving target, a real-time monitoring
framework of moving target heart rate is designed. Firstly, the heart rate
monitoring framework based on vision is completed, the original
framework is improved, and the moving target detection module is added
to optimize the heart rate detection module. In the experiment, different
scene settings are changed to verify the effectiveness of the improved
framework, and finally a monitoring framework with high robustness to

moving targets is obtained.

(2) Improvement of moving target detection model. Select YOLOv4
as the original model and reproduce the YOLOv4 detection model. In
view of the problem that the widely used detection model generally has
huge parameters and is difficult to be effectively deployed on the terminal
equipment, this paper proposes to replace the original CSPDarkNet53
feature extraction network structure with a more streamlined and efficient
GhostNet network structure, in order to effectively reduce the model
complexity and computing requirements. In the long-distance human
target detection, the problems mainly include the decrease of small target
recognition, the decrease of detection accuracy caused by occlusion, and
the insufficient semantic information of target features. In order to solve
these problems, this paper introduces the efficient channel attention
mechanism, and adds this module to the layer where the backbone
network extracts features, which improves the accuracy of moving target
detection by about 0.05%, while the overall parameters of the model only

account for 17.7% of the original model.

(3)Improvement of detection model for long-distance moving targets.
Select YOLOv4 as the original model and reproduce the YOLOv4
detection model. In view of the problem that the widely used detection

v
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model generally has huge parameters and is difficult to be effectively
deployed on the terminal equipment, this paper proposes to replace the
original CSPDarkNet53 feature extraction network structure with a more
streamlined and efficient GhostNet network structure, in order to
effectively reduce the model complexity and computing requirements. In
order to solve the problems of low attention of small-scale targets caused
by long-distance detection of human targets, occlusion, low detection
accuracy and insufficient semantic information of target features, this
paper introduces an efficient channel attention mechanism and adds this
module at the end of the main network to extract features, which
improves the accuracy of moving target detection by about 0.05%, while
the overall parameters of the model only account for 17.7% of the

original model.

(4) To study the influence of exercise interference on heart rate.
When the measured object moves, it will cause skin surface reflection
error. When the skin reflection error accumulates to a certain extent, the
physiological information error will become larger, which will affect the
accurate estimation of heart rate. In order to solve this problem, most
researchers carry out spatial average processing on the whole face area to
remove the epidermal reflection error. However, through experiments, we
know that the quality of physiological information in different areas of
the face is different due to the influence of facial movement and skin
smoothness, and this operation can not meet the challenge well. Therefore,
the power spectral density(PSD) index is introduced into the heart rate
monitoring module to get the frequency domain weights of each region of
the face, and the signals of each region are fused with their corresponding
weights, and the pixel intensity information extracted from each region of

the face 1s merged, and finally a more accurate heart rate value will be
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obtained. Compared with the traditional method, the accuracy of heart
rate measurement is improved by about 3.85% on the moving target data

set.

KEY WORDS: non-contact measurement, heart rate monitoring, region

of inter extraction, image super-resolution, moving target detection
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REESRELRE 77, 208t T T 5 SR I 75 20 b T SCRFAE
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Fully-connected
layers(fc6,fc7)

Fixed-length representation

'16X256-d ‘ 4X256-d ' 256-d
P e

Spatial pyramid pooling
lavers

Feature maps of conv5
(arbitrary size)

Convolutional
layers

Input image

Kl 3-3 SPP i J5i B ]
323 BREREML
AR IR A MR A A 3-4 i, b (a)/& FPN 4544 (b)-2& PAN $NAHI H
JEE A _ERPRAAERL & 2 Hor (a) B 4 T R e B i 1 AR, R A
L 2159 B R RFAE B BEAT A0 3, 5 235 S 5 MRE /G - wir] DA 15 214
FERHIER, RIS RAFE, B LR, R RREE K. b)) AR
[ LB R, MRREEREE T EE SRR . (o))yH & NS,

X
%

: | '
| | |
| ' |
: j i ! &—>Mask!
| | | |
! (b)PANet i () H BN i / |
| ATREE LR i |
FEEhO 2 ¥ = !
| mERAR | RE | onERRE TR .

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

K 3-4 AR R G 2% 45
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&1 ZREIMER, MEMEMGAH. (HFTEERZEME. BEREMENEL
PRIk () B0t S E T PAN(Path Aggregation Network) 45 #4347 45 1E fib 25 I 35 AN
AL PN AH [ /N RREAE S AT S I B4, TR AT DA, il 3-5 Fr
Mo (A)RZFBF ML, ()2 BEEMEE. WidHEX IR, 7R
T 1) 58 A H A € AL I DI fg o

K 3-5 BRI A A RAEHE B R

3.3 EF GhostNet HIF5Eh B Frtl Nl izt

3.3.1 GhostNet &Y

GhostNet #&41Jy | 2 BRAEAT BRHE B AR T4 B8 0 R4 A — L85
5 {K(Cheap Operations)HJ##1E, X MRIER A AR RIS 80E,
AR IR BT, (RIS R P B T AR PR AIG, AR I ATl B TR

MEEAK - Ghost-Module, S REMZMD: . (1) HiE4aMmAR
FROE R EE R, XA 11 HPE AT, SR8 R B EE ki, (2) 2
JEMHZ A BIRZERT 2 ERAEE, 85 R E AT HES AL, M FVR AT 7
B G AARAF R A A F AR LR B o A N S BRFAE 2 o R AE (S B HR IR 2
THEEER, —REREESHLINE B EERE, IR R EZRER R
RS RS, XEMHT Ghost BIRE TG ER . 7F Ghost FLHR
H, BRI AR AR AR E R U A AN R AR 2, B S 12 H AR
THRI R — DA R B 2 ARE RS . nl&] 3-6, 3-7 Foi.

24



LRUTRR A 22 A 3

—>
conv

input output

U

K 3-6 il AR~ =

‘ output

B 3-7 Ghost BHUR

Ghost Bottlenecks & — 7t FH—% Ghost Modules ¥4 B RS %11, HA7F
TEM AR, il 3-8 fin: (a)fE x4t EE— M+, Ghost Bottleneck ik
NTE LT W4 P8, HA & BAMELEN Ghost Module, 3+ Xt NRFIE )2
ATHRRIEN L . ANIF T At oy, R B AT RSN, T2 BBk R LG
NFHIES 21 Ghost Module 403 5 ()% HE AR N o H1 T BB P KIKE 9 1,
AN 00 N ARFALE 2 1) 1o JEE R B FSE AT AR 4] PR A B AR, X PR B T3 5 Y 2%
HIGRE . (b))% —FhZE A Ghost Bottleneck [RIEE IR B4 LAk Aid, fEIX—438
e, EFEE S5 RH — Ghost Module, B JG KA 2 FRITR B2 AT 43 85 35
RS N AT J2 JEAT v B R B B2 (R A /N Kb B, K436 PR IE I 5 — A Ghost
Module #F— S HHTRHESEIL . BT ULADSNAE M RE K 2, BRI RE X4 A\ 4
M ZREAT ST G, X b 4 4 B3 T AR R TS

B NFFIE I RS o hu o), RF AR B G AR N kexk, JBTEECN 7,
AMAHRZ N d *d o FIEERETHEEN:
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cost=h *w*n*k*k*c (3-1)

Egb— =

0 St DW Conv
module ] strld:e=2

BN BN RellU
" ReLU Ghost
Ghost module
module
O O
(a) (b)

K] 3-8 Ghost Bottlenecks 4514
42 H ¥ Ghost Module, it &M

cost =h *w * Lk xk(c+s—1) (3-2)

S
P Z

n*c S*cC

= xS (3-3)
—(c+s 1) Cc+s-1

B DA HER T LTS, £ H Y Ghost Module K i) K /D AT 1 S 40 & .
3.3.2 EF GhostNet B YOLOv4 /4%

YOLOv4 #7005 FHAAE 42 B W 2% 45 8 CSPDarknet-53, i CSPDarknet-53 2
ERESH, FREEREOIK, AR TFPORISL, W% A e R AL I m] e b
DR b E A S HR FRATTRE TR 0 A 2R ) R AE B SRS 4 R AT B e o 3 BT ST R
GhostNet ##t YOLOv4 HLAL 1) JG G5 TR BG4 BRI 12 5 e 7
MR, FRAC B IR .

FEE S ) YOLOVA Z8 R Z2rfr, RHIERLG AT A 7 4 0 FPN (FFIE
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G S5iM, BN H GhostNet A5 H ) = AN ST RRAE SR EEAT IR FE 42
5, DUESEIZ E IR 2 RERFHERE BMA BRI A, #t— PR s s,
¥ R IE B YOLOVA H R RFIESE LM 4% CSPDarknet-53 ¥4/ GhostNet. 544
ZH0 MR 3-1 B

2 3-1 YOLOv4+GhostNet £ #)

Operation step size input Output nucleus step length
Conv2D_ReLU (416,416,3) (208,208,16) (3,3) 2
G-bneckl (208,208,16) (208,208,16) (3,3) 1
G-bneck2 (208,208,16) (104,104,24) (3,3) 2
(104,104,24) (104,104,24) (3,3) 1
G-bneck3 (104,104,24) (52,52,40) (5,5) 2
(52,52,40) (52,52,40) (5,5) 1
G-bneck4 (52,52,40) (26,26,80) (3,3) 2
(26,26,80) (26,26,80) (3,3) 1
(26,26,80) (26,26,80) (3,3) 1
(26,26,80) (26,26,112) (3,3) 1
(26,26,80) (26,26,112) (3,3) 1
G-bneck5 (26,26,112) (13,13,160) (5,5) 2
(13,13,160) (13,13,160) (5,5) 1
(13,13,160) (13,13,160) (5,5) 1
(13,13,160) (13,13,160) (5,5) 1
(13,13,160) (13,13,160) (5,5) 1

LA~ Ghostnet # /& H1 Ghost Bottlenecks #H f% 1) . % AN 45 1F B B R ~F A

(416,416,3), H /it N5 —M

+
4h

1, AR KN 1, BEHS RAK

A ZJEHEN G-bneck2, %A ML, BB KN 2, TR
FAPRAN I ANBATIESE, G-bneck?2 #ir
JOTRIZY(104,104,24); G-bneck3 [FIFEEIE NP KOy 2 Al— BRIy 1 B

AR 4, 4t J9(104,104,24),

SERY, FROEERH R~ N(52,52,40); G-bneckd 545t — MK N 2 K #

27
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), E4asefeE, BaE 4 NN 1RSI, fid RS h(26,26,112);
G-bneck5 5 G-bneck4 25 ¥ #H [F], fy i R ~F 28 (13,13,160) « &3t £ 4~ Ghost
Bottlenecks IHES, fRAIRTT T —1(13,13,160) KIFHIEE .

3.4 ETEBIEXENIHIRFEE)B FRn st
341mﬂLL& L]k
E RCE A VE & PR A (Efficient Channel Attention, ECA)JE 7EHIAE &

JINLHI(SE) Al b BEAT ik fe i . ZEWFFT SE My s ULy, R
R P 1 B R AR T2 @ IE R ), I HREURO C R ORI

ECA BRI BAR L5 M) 5 )5 S A 5 SE BEHUAIR], 45l 3-9 i, SE
TP F A AR 2 56 A e (FC) R A SR 18 (8] 1 HE L MEAR B, A B 5] N B
YD PR LUk D A (R AR T e e, TR AN B AERR A AR . ECA MR FIRE A1
FET I FUAS B0 5 HAUE RAFE — E RIBMER, X BB THHMLR, BIA
X 3-5, I A5 B far N B a8 TE B0 R A A A B 4E S R RN
kernel _size, 1%2 BH AN ERAE o L IXAN 5 R AT DL IE 8 E o6 B A BUE
B e W DU AL E — —AH e, 3R] A4S B A BUE RREE ] BB PR
(1) 2 50 1% [ B R AT L £ 2 >

K= 10g2(0)+ﬁ|
1 Ve
T
1x1xC 1x1xC

3-9 ECA BiHurE K
ECA R ihid 2 -8 A X0

w=oc(Conv,(y)) 3-4)
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R EERN R € LUh

log,(C) b
/4

k=w(C)= (3-5)

odd

SR IR, CORBIES, | |, Amam B 735, S0 I KR 7T LA
TR, MERIRD R AR BT DR BUE s 8iE (5 B EcE, ¥ MbEGR RE
o I H R

342 ETEMBETEINFIR YOLOVS B M4

YOLOV4 #5784 (R REAE il &35 70 K FPN #5 @ M sC R IR 4% o TERRAE SRR
P2 N, Bt 1 I ERERAT, 2S5 MRS B SIS R R IE S IR SRR [R]
RS R A A, B BT RE @ ERHE S R 2R . JEaR 1A R 28 I 2% FLAR
A LIRS MG HRRIE S S, (ETCVENS T — S 5 55 RIS HIEA T, X FEA
) TR0 B AR o BT DA E B A S A v 5] N e K0 T T R 9 AL I (Efficient
Channel Attention, ECA), #&mB RIS E, A5 Sk il ek

FEGE)E 7= JIHLHIH SENet, ECANet %5, H.A1, SENet == Z & $5 squeeze
F excitation P RHERAE, oAb B4k b 3R 7E SCBILE 1 4 = 00 1 R H s ok TR R
SAMR, REBTA EIE 2 A O0 R AR E R, R PR R AR A% 1 A
TERTSC O AK Wi AT LU, ECANet {8 H H 3@ B — 46 A S L@ 6 (1922 L,
ifii SENet M| & 5% FH 4= 72 A0S oA b BEARRAF ) &, 4 F ECANet #2518 7Y
SRR RIERD, RERRNE.

DR P AR R 7 JR A B 7 P 5N ECA R AL o ¥ 2 WL S i i o B
RPN BB T A UL SR RS A B2, 8 AT LATBCEEAR TR e I 5 1, {HL
AN AERIESR G 77, SR BB (4 ), JF B 23 Z AN 2515 21
PAE A AT MH, X 2l A AR A IR TR et Ja A A A
N T ECA #itk. ECA VERJIHLHILL A GhostNet F ] YOLO 45 Hr ()
ZER N 3-10 fiss

O WTIHESL A 5 — Bk, JET YOLOv4 HEAT Bk, BudhJa i M4 45 1 I
Nl 3-10 B, R PR VR 2B AR 20 B DA K S0k I B I 2% 2 .
S TRAL B B S FH Mosaic 243 58 , 1% 75722 1 CutMix HEAili_FEAT SO 211 .
Mosaic #4458 A FHBEALAT DU TR I Fr, e A — Lo A pg a2, BUBERe, 4
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JBEE, IR R R ER A BB R HF e R B a i E R, R IR AR L8525,
EPEBRAFA ST AR DK R dt 4722 2], S 722 I RCR . Mosaic £dfE
14 50 AN ELE Y 10 batch_size [ [F R, KM FE Fadl Bas0HE s, A

GhostNet S PANet
g Ps
T Ay
13x13
X 26 ECANet P4
/— / y. — :’,//‘—> Yolo head
52x52 N /
104x104 e
208x208 o e -
-y € — gy (o)
416x416 (LD —> M

&1 3-10 B J 0 90 4% 445 g [
TIREUEMIE IR T . ARG EENFFESR DU IR, 1%35050 % YOLOv4 M 25 1
G4 i GhostNet B854, I -FH125 (RFAE SR HL o 25 A W 9 2% 61 SPP A 53k 1)
PANet 20, T3t — 2 RIEIRRAEIR A [, 51 ECANet, ik AF| YOLOv4
R Pz b, KORH @ T IREUA BUE Ree Sy, b TR R

3.5 KWEIESERSH
3.5.1 BIEEMLNIME

Rz H bRk A b s a6 3 72, & Python 7£ NVIDIA RTX3090GPU 1 F
Pytorch SEHLH] . {8 H VOC2007 Hils & AT IIZRINA, I H s S e 08 iEAT IR [E 2
SJMINGR, FEBTREABSINATN, B RE Person KEfr, 3t 9963 7K
B . e s H MG B 4R an R & 3-11 s

SEIH, 15E Batch size (XL E NG EIEFEASE) N 16, Image size

(EHER/N) J9416x416, Epochs CREAMHEEMIIZARED v 200, EEHIL

A sgd, BRI KRS ST e-2. SEIG AT 2 ARG FRL B A2 2R 3-2 Fii i .
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* 3-2 I AT ARG B
e L=
A4 Windows10
CPU Intel Core i3-12100F 3.30 GHz
GPU NVIDIA GeForce RTX 2060

K] 3-11 VOC2007 ¥4

3.5.2 WNIERIR

FERS B B sl s, PRSI AL IR R RS R HERR R A Bl 2R, T
PR R R ) B B AN T VR RE R R SRR T THI N 73 S8 4 B HER 28 (Precision
Rate) 14 [A] % (Recall Rate) 11524

Precision = e (3-6)
P+ FP

Recall = L (3-7)
TP+FN

AP = P(RYR (3-8)

U TP RIRFEAM ) N IEREA H - BC 1R A, FP s FEA N T A B2yl 1k
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i, FN ZORFEAME 73 9 R AE 2 Pl % o
3.53 KBRS
¥ AT M EILS 2 MEG I E LT ERE LU B, (&0 T IE 1
VOC2007 ##a4E . 45 R~ 3-3 fiow, ot YOLOV3 FHIREE R 73.81%,
R NASHE ) SSD BB 1 ~F 2 KS O 81.54% , AR T SRR .
YOLOV4-Tiny ;&R #5 YOLOv4 Bt g b iy, RIEZE .
#* 3-3 VOC Hdli FE1E &2k il 45 AP {1

it AP(%)
YOLOV3 73.81
SSD 81.54
YOLOvV4-Tiny 68.70
RetinaNet 81.70
Little-YOLOv4 82.91

NIAUE A B IER, BHE RS IGHEATINE. K 3-12 AR LR, (a)
YOLOV4 (b) YOLOv4+GhostNet (c) YOLOv4+GhostNet+EcaNet. GhostNet %% & 2
BR, TETR/DEA S 4L, FTUAS AL YOLOVA A S G NI, iR R
A%, T ECANet R MLEIG, HLARRAAHR, REEEIRTE 0.05%, S
ORI PR . N3 3-4 Fos, LUAL 1 A SCRLE AR an I 25 1K S ARk S 8. W) A
Eih, YOLOv4 IS HR 64363101, AL IS H L) 11428679, i YOLOv4
(K1 17.7%, W/ T BRI 2% o 1K AT DAAE B AT H 1058 B 4 07 7 ] AAE OR-HF
il FEE 18 [ B 422 2 kD S AR AR 1) S B S B

class: 82.86% = person AP class: 82.79% = person AP class: 82.91% = person AP

. . X . 0.4 0.6 . X . 0.4
Recall Recall Recall

@ ® ©

K 3-12 PR HhZR %) EL
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* 34 RS HE

P SHE
YOLOv4 64363101
YOLOv4+GhostNet 11428545
Little-YOLOv4 11428679

YOLOV4 Jii 455 8 FIUA S 50t f5 15 21 1Y Little-Y OLOv4 FiAY e i 235 5 1l an
NI,

& 3-14 Little-YOLOv4 #6045 5151
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3.6 KREEE

REAN AR B RO AR M EVE R S — B 2 B e H B bRk A A g
RIS X IR AL B 1) B bR o JEAARALN T A SCAAE — € R R ME, T2
BEF R 46 YOLOv4 M3t 4720dE, 51\ GhostNet Al ECANet. # & ffi &0 i
L) VOC2007 #5454, 5 HARBI A GHAT X L, fE— AL B4 Tt TR AL 1t BE,
NS 2 M I B E — 58 1 A
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48 BF PSD MG BRI R I5ET

4.1 KES|E

b BT Bl H ARSI 5 VA R A SR, S B AT SR, 152
TG fE RS B H bRkl 7 . L YOLOvV4 BB ERT, d i AR A0 & 285 Sk 2
FVERE, I T2 RSRIEN RCR . fE ORI, AT BV 7T
AL 1) W S92 2R 20 H AR St @ B Pk, JRET VAL AR, @l
XFREPIRICR , Il 55 M EBIA S R 2000 A2 B2 B R U i A ) B TR SR, T
AN IR ER G PERE .

HARAE TR IRES, 25 ISR DI A 58 67 DA K SR B S SR K Bk ik &1
XPIXUE[R A, AT 7 — AT PSD A BERFAE A Lo Al T D5 ik 1 St
ATOLARTRAL B0 B, A AR 7 R PRI B R AR S 5, LU #F L ERFAIE
BEAT IR EMEAREE, 51N PSD TSI B X A, B #EAT S S AL
HL X SR A — e R B E BRI P H AR sl i T, ek 2/ 2808
AP RE S, HARRLRMTHE. ARjA TRl s, Kbz
MR, IR EE B A G SRR AT PERE LL AL

4.2 ETFHNIALEY rPPG (LEFREGN

FAT, 2P s 48 5 s S X SR SRR DL RE B b
MUY B, E A X L AR R I AR T AU B R o DA (1 I SRR K 2 4R
rfCER— K& L, BRRANERERDN, BERZEKERBRAD, )58
o TR e s BT 3 IR B AT & B R 1 BN, (HSERIEAT
B IR = E R R AR > A BAE

I H, FEASCR B 5T AR SN Fre 1l 2 2 R s i E . A0
PR SRR X 3k /N S5 AR B Al n] B = S NIE L rPPG 5 VAAS B RAE o] A= 2R U
EHERTE. B3l BARERS R R AEAIAS, B RS 5 BB, AT K
F o A AR 1, RN SRR AR R, AL R 2 A2 . k)
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HER AL B , A Al SRS 20, e AR B0 R A5 THIT R 2 ME 5,
I HAXEERFAE A SR HUR &) 32 BN TR 2 (T30, 28 5 BRI SR AT B RANH
SO, SfE CLIRAFREHE A B 0o o il AR B SEEAT T ALK 45 5 oAk AR
ASCHGAE O R BRI AL B D B, KA 4= R AR S 5.
42.1 BETRGEBIPEREZRAMAMNL

NI TR AL SRR 73 R B AR, R R E A Y S 2 S A
PR NAFAE RO C IR o 25 JR SR TRAL D B A A 7Y e 35 B PV B i

T ARFEEL A T BB AL 2R A (R 34 o B, Jd 0t S a0 9% 4 R (R A
AT FR R P B NAR R . TS TR AR R, 12 R —
AN B A A 58 )4 1 R B, FLRE AR S B A 4 7 [ o 70 ol R AT P IR — R 2tk
e, RISEAE— MRy BT PIIRE MRS AN, SRR LE 7 — Nl ) BT — IRkl
fkh, AU R E RIS T S =i ER 2 s AW . Wil 4-1 P

T le(:xlayz) : Rz(xayz) : 05, (x5, ,)
y2 ___—| ___l. __________ C
| ! |
S 2 I T H
1 P(y) |
| | |
| | |
| | |
Qn(lrxlayl) ! Rl(x,yl) : O, (x,, )
Vi bt @) ——— - (- _
[ | I
| | |
| | | >

P 4-1 B 38 R KB 0 R TV
POCS ik, A BARAE M2 H P R EE RS = H A, T IFE 4
i AL T 7 R MR B A R A P A Al e, XS AL TR ARESGZ N K
BRI IS T TR RN, (BTN 25 Bk 1 R ) R R A5
Ao T34k, AR TR RS (E T B o & R s S i s, 4
TEIE F i A A S M a1 BB 4 2 BB AN (RS
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4.2.2 ETF Real-ESRGAN #ERIAII AR 1L

FH AR SRR ) 2 2 T T AR ) O 2 M I B0, 75 2 B K & rPPG 15
SRR A HE, BT ARRA TR T SRAEA A N BE L SRR R, W]
AR Y B 75 A3 S B i, I BRAER T ALY F) A7, A1 45 1) i 0 35
SRR R o A SORAE O 3R M IHEAT B 51N A UG ARAG Y, 2 TS B
R, WEERIRSAIGEE, AESORUERIEFT A,

BT 2 5] (B A B AR ELARAE GE 0 79, "B % B8 T UG AR A E 45 K A
FegnfE R, Aeng S ar s E g s o AR EUE, i B R A BORR BERAE T, REREAR
FEAF S PR G 3 sh B 28 et m 7 WA B RCRIF BAE
B VP A 77 TR A AN (R B R

(1> SRCNN
it 73 6 FR I 285 (SRCNIN) A2 A R 22 I 28 L P £ B P45k 73 7 22 AU A

HA B OB tORAEGIINE, 205 /ARG . SRCNN H
MG A A FI R veg MZE K . AL SE R N ] 4-2 P

4w

1
fix fi Sox ) X
——> —_—_:\/d::%::::::-_—_:_eﬁ{% -

LTI7N

| I I I
M=K AE SRR AR T HyEE

P 4-2 SRCNN £ &

BBt = Z R B A R X T RS HE R EUR, 28 & S6 R XL
=USEE, SRR TR R AR EBIEOKR, (ER BRI i T R OR, B ATy
AR HERER ool = BRI RN G AL RE, 35— EERINEH
TR G P B A BHUR BRI IR DO RN oKk . BRI RSP N Cx fix fixny
cRANERREER, [} LRGP, n BRIz G4, B3R
AR E, 5 — RS AT LAAS ) g MR 5 — RS B W] BAR R

F(Y)=max(0,W, *Y +B,) (4-1)

B R GIRER H R BIRE AR AR . RS n > f)x fixn, » FiHi1S 2]
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NMRHERE, 25 B RN

Fy(Y) = max(0. W, *F,(Y) + B,) (4-2)
5 R BUR RTINS £ 07 2 R R R PR . BB T

myx fix fxC o FEFEHEL, B R
F(Y) =W, *F,(Y) +B, 4-3)

FRJR, BURB MU R B SRR
LO) ==Y [F(1:0)- x| (4-4)

Hep, FARERH, oR-MMIKSE, X, YAREHSE S PREG S5
e R . SR, SRCONN BLEESGEH VW =Uad B n 1 iafia, Hkfi
ZREVE, BEED KBS A, BRI — B .

(2) Real-ESRGAN %514

FEAICH, w3 T SRCNN BB HEAT JLIR ik i) Real-ESRGAN Xif A Ji R
PEAT AP, F DL SR Aa A 15 ik, DUMEEE0 3 .

A R N T IR B R s R 1 tPPG (5 5 . ARALIE % Tt
AR s, B ARG BRI, RILHSEKIAET), Reidf Ao SR
FLAH I R Y Real-ESRGAN #5284, & LUt Hofh A% o B (o e p f o, 2
HoEidr, HA R P BRI PR RE I AT, 7 SE B 35t b B8 A SE A .
RTINSz AR AL R 4584

Real-ESRGAN FEALE — AN E R B4, A RS G F4ERI%% D 4. £
JlES A SRR G — e PR, RECKWT R BIEEIAEA . S04 D M H
(R X 3 AR R A A B 1 B 2 T B, FUIRT IR H AR R R AR B
P RIS, P R I AT, ELRIA BT . AR 1P 2
A G AR R G 0] 2% DRI FSER, SREE D WISk X A HdlE 2
R s G AE RO R B i 2 Bk Bdls . I D(G(2)) = 0.5 « HARK BR#L
SE AN
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Low(G,D)=Ey,p, . [0 Dy(x)]+E,,p, ., [log(1-D,(G,(2)))] (4-5)
arg mgn max L.,n(G,D) (4-6)

bR x RE SRR E, 2 RS, 050235
A FAFH Real-ESRGAN fE N NG EME IO tRALKEAY . o, AR a8 2544 n ]
4-3 ffi7n, ¥ RRDB {FEydtAc s, X AL 23 MEAD . RRDB 45t 1K 4-4,
AR BT T BRI GE /1, B4 B T 2 R EM SR LT, 4
4~ RDDB Ht i 3 4™ Residual Dense Block Z15{, i AF4H R —FE, SRJEHE
47Uk Unsample, Unsample % nearest #fif{ti, 43X Unsample 2 J5 <8 B2
KA ELAN T, fe i B A 3 Hv s .

‘F?RC‘ AN Arch

- Pixel |
|
RRDS RRDB
|
|
_ J
X1

Pixel
Unshuffle

Output

Input

r )
| I
| |
: 4 o 4 o !
B Ol Al R il
| b P P P # P b P # |
: o | R b b :
L D E w i |
\_ : ¥

Dense ) Dense 1 Dense

Block Block Block

=D

] 4-4 RRDB %5t
Real-ESRGAN i Z 48 A xS 5 4% N A B o Ae ST H) ) a8, 1A 340 531 6 7T %
JEFBEUERAG AR BE L . BT LA 18 H A A 1S )3 — 40 U-Net, & R] LG
BRIV MEREATHIWT, S 4-5 PR,
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input

y output
image |w-|w _
e *|*|* segmentation
2 | map

I I
I

"I"‘I : I“‘I"I =» conv 3x3, RelLU

B/ e copy and crop
- B # max pool 2x2
: o / 1024 ' 4 up-conv 2x2
-’ . = conv 1x1

¥l 4-5 U-Net 414

U E &, U-Net W28 45 1) 72 B —> Encoder F1—-> Decoder 21 il 1% BREE 44 o
Encoder J2 B W ER7r, ALARATY (R RFAE SR B DA S SRR 5), Decoder 2 & H
ARy, AR KB — R R ERAE HEAT AR . DU\ — oK SR EE O
BN GERZ N3« 3KEBIRE, ZERELEOY 1, padding ¥ 0, BrbA&
KB 25 feature map 1 H 1 W B8/, SR 5 408 T RFEERAE pool A 2%2,
EUR =S, Bt TN EIRE, 2 eS8l =AFRERERIE: BT R T
BEERERE, 520N PHE, BEREIITERZ N 22 1 LREE,
WRIa it AN 33 WEIE 52 dOB BT 1E 0 T PHE, 2 S TS —
FERIHRAE, ®EEE 1«1 ERZER . U-Net fEHPHER 708 R, FFOE BRI 4E
JERA RKAEDAR, XA AR R @A, B S0 B R R AL

4.3 EF PSD miX & EFERIBKIER (55 B R EMR
4.3.1 Viola-Jones &%

F T A VR T N RS T 3 S SR PR AR A B A 53R4T 0o A
T YR B PR ETE — TE PR P b 2 S 15 3800 BB R A 12, BT AT HEAT 00 SR A U
AT, SRR I NS I 77 2 A SR e R AR EAE S (R O HE

Viola-Jones 5V H N S NI AN 7715 . 2555 Yo/ Haar-like FFAE

40



TR R A0 18 5

B H BRI AL, S22 MR, SIAR B, XFEEG R
RFERE R 32 215 FRE N IAR Iy I REI o TN RAER 2 IR R (I8 SO 5, A
T Adaboost FIXBEAT TR . SRR 70 ZRAFA 2 I BIMERA IV EE R, T2
i AdaBoost 554G 2] AR rId, SO R I 45 R AEC R . WA AN &l 4-6
Fizs, NI A G% 750 1) B AR SE AR 1Y

) A

[Harr-likeﬂ%‘“ﬁ%} Adaboosti)I| 5 5.1%

Kl 4-6 Viola-Jones H i ife Kl
H bR B T BB AR 225 AIE, SRTTAE — 5K R fi6 IR o & XA R R AR A 5 55 B
REPEER AN, an, SR ER AL EE XSO AL, W S DX 3t 25 L A [X ek
LA VEAFAE TR NG ES, 1K 28 3R] DL 8 A2 e i PR AR R
Haar-like $#1iE H1 58 B U FE TR ARRAE LA, THREPIRIFEIR K 22, i AR &R
T 0 DX A A7 A B g AR o A2 DU JUMUARFIE I, anf&l 4-7 P, BRI B
RN FRFAERSAR,  H B AR AE T AN R O RFAE o L 71 T Db AS [5] R R 7
BIRFE S 0%, ZetE. 0D .
Viola-jones A MAS Ml 552 —FhdE T 180 & 1 H H AR5, (HE 2050 ik
T BT ORI R AR A A R, R R T SE NSRS, A —Fhog i B 45
FI R EHE SR PLid T 5 Haar-like F5-4E. A7 R 2 B A o0 1 5 5 T g
X T S . B R  E, Rr EHRE X

i y)= Y, i(x+y) (4-7)

X'<=x,y'<y
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AGRHE

LSRR

LeAERHIE

LI IR A SRR

HL R
H

XA RHIE

"

B 4-7 BUMRRAE B 432
b, B EMBAE RS (v, y) B2 B AL IR FAE P LAVE S s K 22 0 AR e 1 b7
MLER AR RECMETR . @SR BB G2 i 543 2 Haar-like
i, R 4-8 fan. ST 3 S6 2 BBRAEIZ N TR ERME . 2RI SS T
A f A BB RERAFREL T B FIEERLAM, 1A FERLFET S5+S1-S
2-S4, B R BT S6+S2-S3-S5, H HLWHILEZ K, AT BETE [ & i
BN TS AR (6 IRBGIHRIERMDERINERZETED - RO EG AT IHE
—WJESAT LB, s RAERESIN, BATH T AR AR A B
J5 BB R T A - ORAE o
S-1 S-2 S-3

S-6 S-5 S-4
4.8 B EIHEE
FREEHUE BRI AdaBoost 5%, BRKIIZRI) 555 25 48 i FE B AR R R Ik
Bt A2, — N 162336 ANMRFAEH G B —AMRFAIE RN SR ELHE 1% B E T T PRAE,
Wk, IMBLRZED o BB RIIZG— R “ 557 432848, Al— committee
CROBEAN 55 70 AR A REEZRL, (R A, AR 22 80N 1) 55 43 28 2B E ik
K) . adaboost KHIERINGTTA, 4E 1 t B committee, 41 F-HEH £ +14
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5553 AN BLAIBCE , DA IMUTE — 58 4340 T I UIZRREAS I IR i ok 31X
AR AT RS 35 I GRS (1 20 A0 SR T 8 CRIBG K b — R0 R R T IR A
MR, kS ER I REARUED |, 7E %S REA o Al T T3 /MBI
0-1 45 R R 55 73 & I BERE B2 B InAL 0-1 422k
432 BEFFHERR

FEREAT AR IS, 65032 B 5 DG AR e IR R T AT I RO EH, 1X 7
TP 5 HP AN T 3 G ) DX 1) A8, AR 25 T 5 2 % A G DX Al 5 ot 2% ) P B4 A 2, 3
— PR BEH SRR KR BT 5 300 SR 05 5 TR W A ) R, T I A AR Y
B 2 SR FF SR AL BB K . (ERE I SLIG nT A, A B AR sl A5 N R 1
SO, XN ERVETCVE AR I B AR Rk AN ] 8. SRS S TR AS [R5 15 5

| ' | ' 1 | | ] | 1 | | | ' | ' 1 '
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

LU e LUk

K 4-9 & XEHE T R EREE
Nl 4-9 flso. B L, ZERE, AR E SRR R AR K, R
sl CIR PG P/RES 127 LN 5vid 2T v e = P LIRS L
O FRAEHE IR SR RIS 5 R R B K. AT R, PR
EHEAT BRI AR CLERFAE e 2 T B S AL ) — A5 5 e g o =K, ET
DL— 8 RE S 0 25 Bk BA] H AR A% 307 AL e 7 o 45 21 A B AT 10 SRR AR 1 A TR
SRR RASICREY (v .0, BEHA =ANPEIETE, ) BIXLIEIE,
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MT a5 SALE, MFKY (.0, 2 AMETY, ANSOEREE 1(x, y,.0) ARk
}i%ﬂ‘R(X,y,t) ’ /A\ﬁﬁﬂ—[::

V(x,y,t) =1(x,y,t)R(x,y,t) (4-8)

O BERHIEXT T H AR A2 2 A B B ek, B U 1A TR T L, T s
ik w] AR s 3 3 B e AR AR . TS EERFIE I A R

C=X,-a, (4-9)

K, a=0Xp) /o), o hbsEmzE, X, o Y& X,y H I s
PAHES . X =3R, -2G,, Y =1.5R, +G,~1.5B, .ifi R, =R/ u(R), G, =G/ u(G)
B, =B/ u(B) & = @IB L bR R A B 155
433 FEMMSHE

S FALER I HVH S R P (B S, FREAT L 5 P R AR,
Qs PR S IRV A, AR REPEN[0.7,41Hz, XIS SEE A3 B 0 2 S
T SRR BRI RS 5 o Z BT T T T A DA S
TR FAE, AR RATE SN ARUE, 25 X5 5 5 BT
AL, IXPEE AR TR O M. B 4-10 AR IR T PSD AL ik
WA T BRI TR . BRI

BB A5 5 P S 5 0 RS 5 AT AR R 5 S0, XA DR LR
FILTORES . TRALHIEORES ITIMER, BATERT)RE iRy
R NS

PR = argmax| W(f)| (4-10)

W(f) &) 7E[0,TIf PSD, A LA AS B3R A5 5 1 DR A A 1 L o
FES W TSI P R BREEAS 5 S (e, v, 0) I, B D YRR N RO R X 3 4 1)
AME R X PSR B IAR 0) € BERFAE w0, (6) o 4 TR, &1 X BT3RS I C E R 0, (2)
SR AT 1 B S 7E[0.5,5.01Hz FIH @ B8 A8 3AT AL B, 2 JE w13 31 23 Bk 136
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[gree {\ '
[ A st LVt
[ red | \

| M‘"‘A'; ‘N)U "h‘l{ N""‘M'JYN’TLJ \I‘A@q'\

| blue ) ﬂ

‘ RCBIEE I E &
PN 3EHRE LR fE 5 i FEL%EJFE

l l

88.20 [ i A
Signal 1~ Signal n
F R 5 R 2 R A HRAR T it

0 I SR RNE

Kl 4-10 ZET PSD A0AL A Co 28 M I () AR
SMEFEIES, BRETRL() . B 4-11 K TEER T KRG IER A AT
OFEGS, A NEEAE I AR IER G OG5 M LmmEEmT LA H, A
JEPE AR 5 WO ZR A S AH LU AR A AT SE D0~ PR s B B 0 A B .

| Ot

i

2 MW, IMs\u’ ”w | AN

5 1B (s)

E1E3

IR TR (s)

AS T IR 5 T ek e, KA B RSS54RI T 2 O 5
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i,(6) = B,p(t)+ 1, (0)
i, (6) = B, p(t) + (1) e
i.0)= B,p(1) +n,(0)

Hlt, e (1,2, n) RESUBK A MR ER Y B A% R B AT rPPG HIE,
HUEZE) o, R LB p(r) RIS W B RUMIE 1 n, () FoREIE B Y

S IR S BUIME TS o 5 R AN AL TE BT 2515 2]

py=" wi, (4-12)

AT B w, (B T B A R SR I, R (5
S5 T RSB RE TG T 5 200 [ 1 M7 e R A AR O, 3 —
HEA PR TR AR I

Ai
I (1)

Horb, RS54, M n SRR T ZAE B AR SR MORIER W, . (ES7E
()&, 1PPG S S R R MR SE P D 5 ORE VIR BUER X E, 1M
ZRAE L AT 5 T BT S (0 W 2 B0 A E[0.5,5.01Hz (X7 il E A feVF
I S VE L Ah o P, R LB AR RS S 3 T IR E MR B 2 AT A
TR RERE ELE, RITUUE R w, 5.

g

4

N

Z

[
Wi TR PR+h _n (4-14)
[ cnar = ndr

ok, () R 2EL0, T RELHG PSD, HEARE M B 15 DS LS B i
W%, PR+ PR-K] F%; (BB, RASEIEN RN TSGR, t kR
AT, (250 A D BT (A TR {548 LA 1 X 05 4 A e ol
B, T BAE B R ORI tPPG 15 5 A:

Vey=2" wi() (4-15)
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XHFEAL 11 rPPG {5 58 H B i B AR (FFT) /0 M R an i 4-12 Fios. K
ThEEXE SLHIIREE R f,,, > WA THE)OZ 4 HR A

HR =601, (4-16)

15

10

I I
0 20 40 60 80 100 120

[ 4-12 Thai R s
4.4 ETFHNPLEY tPPG 10 ZR4G M B S2 I

AR EE A M AN R SE P ROR, W E e PR AR A B 3 5 AR SR 5
FRATT 30 362 458 (10 8 23 1% 23 05 D R TR B8 2 ) R 20 R SR AT LU, (1)
To LRFE, QMR (3)Wilifi{E(4)Real-Esrgan. &4t 15075 A 1153 B
#IETE MATLAB kAT 1, SRV RO XU I (7 VAR R AE T AL 5 T B A
SEHLT, Real-Esrgan 8758 Python SZH

] MAHNOB-HCI ##545, MM AN B 1 & H 42 T HR Al THE.
RKEEAET N AWEEE . %34 MAE. RMSE /B R (1 & W e A
PR IRZE (MAE) -

N A
MAE:M (4-17)
N

VIR ZE (RMSE)

RMSE = (4-18)
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Horp, y RoRHSAE, PR TINE. FAOTER 7RISR K 4-1
R T EEMUTIAR MAE. RMSE. {8 BRAGI R 20 e (R #e) WigRAS 45
REEIR.

R A-1 B HR LR PEREXS EL

Rk MAE RMSE
T FRAE 4.41 6.79
WA A E 3.56 5.45
RICUE IS 3.30 5.12
Real-Esrgan 2.86 3.98

HH R 7] %1, Real-Esrgan B34 5 HAM AL Gyl 70 Hp R AR AR L, EmRTE
B, PRI ARSI HE Real-Esrgan R AUE SRy 7 Ab 3D IR A AR,

4.5 T PSD SR & EAFAERY DR IIESLIR

N T PEA 2R M ST HT SRR IR PR R, G HL T MAHNOB-HCI ¥4 £ 1F J %k
e, 55— RV ORERELGTTECHER20], CHk[21], SCHER[23], SCHR[24], X
WR[2 8 J7E K 1 B iz S B AN P BEAT T 1RO LG o 7E SRR VA o 4o FH 28
S EXG2 MIEME SIEAELOHE S 4R ME 4-13 Fox, STER[28] 1 #E
T2 AE LU TP A RO S, (ERIE AR 9.7FPS, HEHRUK. ¥ Tk,
FATE ST Chrom FIEFTR A MBS M R HR, X — S A BHIEM IR
R IR, IR T REIG AT, AT SE L AR Y M e R I

AT EINEM GBI AL RS, S T E 4-14, WEFTOR, ZEE
A FE R v s S 4 1 ) RGO 28 DA OGS R LS00 3 E, AT AR A S
RS HE R TR N AR IO 348, TINS5 s gl RIS, BRI
FHRTE
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Success rate

4.6 KRB

98.4

98.2

98

97.8

97.6

97.4

97.2

97

Performance comparison on MAHNOB-HCI

Our Method
o
[28]
[23]
¢ [21]
® [20] [24]
A
10 15 20 25 30 35
Speed (FPS)
Kl 4-13 HEREXTEC I
88 -
4 | |
86 .
| |
n
84
u | |
. | |
82- . n -
80 - . > .
1 | |
78 1!
1 ]
76 ] [ ]
1 [ |
74
4 78 80 s 84 86

PRAEDRME GR/ 8D

K 4-14 T HR AR AE LAk HR A H0S B

ARER TR T PSD AU EERFAE R AL TH T, B ST AT
AEFP R, BATRTLE 1 JURME SERE 2 R TR O TERE , R FESE M R T3k
X R AEAAI 2 SR T AR A5 5 BEAT KR o 2 Jim 1038 0 REARF I A5 Y T % X 3K
B IR AR B B A ARAE S R T4, £ E R B BGE T issh szl
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KRIEEI, 13 RBOVERRORIE. SJRdT2HLR, SEGERLE, ik
TIHERA R
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£ 58 KXRSLERDT

AT = TR T8 H bR ORI EE 2 A7, 25508 7S HERCR
LA MR 2 A RN &, 1R A2 30 A AR ML SR SE, G50 AR 1Y
Moal H AR, LRSI 7 R T AL B0 BR (1 2 T PSD A AL 2 B 0
BB AR R 3N B AR LR W EVAN T 2 A H s s s, 5Egiik
BEAT PR BE LA

5.2 SCETEHERIR

SEIG P FH A BE AR 0055 T B N — B0 N B RN BIE S, 55—
S MSRIR T A FFELE B2 MAHNOB-HCI ¥ 82 . @B 0L R, H EWER LY
SER R AR A 2 R, [ B i Ok e 54 A 5 LA 70 SOk Hp ARt A 5t
SRR R AT T LEBRHIE

MAHNOB-HCI #4fs £ 2 A 720 A M SR I 8 ) A T 8 £« ERUR 4R
L 30 MR AFEZ . ASFEE R BRI R AR R .
WVEEE K 19 S5 40 B (BEN 26.06, FruEZE N 4.39) . EEIRMKES,
KRB AL AN b T S22 TR 7 IR 58 S A1 LA A TN [ J7 o7 1) B 6 B
e o IR LLEE SR T A DN 1R T 8 A7 AN S B 3 o SRR A DA i 42 3 e U
B EABAL, FREE SR PR BE B I — N R AR 8 IR B ER AR . SEI0 e E
FAHEE R R 2 - E 5-1 Fis.

HEHARET, B0, I, MEFABEER, WFRs-1 s, X8E
5 UL Biosemi data format(BDF)fJkg 17 fil. 433+ H EDFBrowser 32 HUE
Bo AR M HBIEER ECG SR, Frol R 3RE EXG2 JEIE 545 .
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K& 5-1 MAHNOB-HCI #3E 4

% 5-1 MAHNOB-HCI #3212 &

Ch.no. Ch.name position Physical unit

33 EXG1 ECG1(Upper right corner of chest,un-der uVv
clavicle bone)

34 EXG2 ECG2(Upper left corner of chest,un-der clavicle uV
bone)

35 EXG3 Unused uVv

36 EXG4 Unused -

37 EXG5 Unused -

38 EXG6 Unused -

39 EXG7 Unused -

40 EXGS8 Unused -

41 GSR1 Galvanic skin response,left middle and ring Ohm
finger

42 GSR2 Unused -

43 Ergl Unused -

44 Erg2 Unused -

45 Resp Respiration belt uVv

46 Temp Temperature,left pinky Celsius

47 Status Status channel containing markers Boolean

JE B B e R B 7 SRR U R« e HUAE P T 22 A R BIPIRAS T MR 9t ot
FEAR, RtAT A ahZ N 1 IRIEE B Gk B B AR, HERRIZ BT B X s da 45
A RARITZ0E, R AE 22 T 848 Sk B £ B & Ch RHILHs UR-60 2D,
LB A AF 9 S HR o TR M AU DG BRI as R EHdE,  RERHdE
LA A I B AR A 0, LI P S AR H Ol BRSO R AT B0 R . R
20 SO BIE Y AR IR S, B e AL S AR R, S A RLRE R
AR R AR AR 0 S e o AR B S0 175 00 » i i 4 45 2 (0 K A5 5 20 1 L A
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Tl A P 8 Ak P A T DAAS BRI B S0 R AE, AR A )52 PPG & O
RH R, 0T ME R LED b

B AT WCER B £ Rl e N . B0 E AR — 35 5 A4S, AR 20 B
30 MY, k2 N, B3N, BANEE 8N, MAKA 308, fELKE
ST OGRS N HRgR e . AR R, BRI A B R MK E
SETHREERAZ R 057 10 150 2m, WA SEEUH R AG A4 I8 TH 0T 3% AR
k0.5, 1. 1.5, 2m AT AR 3), WKl 5-2 Fios.

K 52 AT REATE R E A

5.3 LI IR EE

RYR LB K T =R S BEEAS 8 AR DA LG AN 43 31 T 0 28 5 SR 28 8] 1Y)
Z5, RS T R AR MAFE S, X =R N PR E . WOTR
=7 LM Bland-Altman K.

5.3.1 iREHRIR
FEYLEIEIRZ(MAE), B3R TN AN EL AR 2 TR 4850 R 22 R 24K

N A
MAE:M (5-1)

BTMRIRZ(RMSE), BRI 1 HNME 5 SR 2 18] 22 57 1T B RE A 2= 2
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o BT HRARZRX MR THEA R B R

RMSE = ’MT’_)A}’) (5-2)

Hp N RO AR, v RN HSEH, 7 Ros e .

5.3.2 Bland-Altman

Bland-Altman 52 FH R P P g 2238 B & 07 VR 1) — Bk, — A2t
FER BT ITIE, FI— R NI VL X R — A5 3 AR A8 P Ff
Tk, 19204 RAE R — N ERE, AT DABHT EUER . " RENS B S R B —
BN ZE R

54 KRR

AR SRR A B RS A AT IS, OR W 5-3 Fron. 5 g AR R
T WINPT AR RS DAL SR U6 A5 (R 6 R 5 FE AR A IR SR SR AR B, ARG SE I (1]
30s PN LR N RUEAR DR SERR B0 - 8 SCHR[23] STRR[28] A S A ST H (1 55
20 MR AT DA I, FEIRTG 2400 A0 EE . SCRR[23 138 A2 —
P F AN 73 B T ACA) KL R BTN B3, SCHR[281E A R — Rt 12 3h T3
LR M, R SCRIARA AR /R U85 1%, el bz sh il v AR Ak R
BRI SRR ZIEBEOR, R/ MU Sk BB I2 30 51 B AT 5 s s e,
fE—ERE L Al TR T H AR R (1 ) o FIX I A G S ik 5 A SRR AT L
B, AT DRI BB UE A SCERVEAE 1L USGE BIPIRASAS 2 10 45 SR HERA 12 .

0.9996

K 5-3 FORK

54.1 BFRTEFIERTS TRYMEREXTEL SCE
ARFATRAEH PR TR ERET, DB R RS &, JelfsR N
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100lux, KA HEF Ty 1080p HIIEIL T, HEATHERE LR EL: . & 52 ATUUE

oy B T SRR 2 U TTIE S S PIRR T VA HR(Y%) ¥ & T 98%, JF HA

UL ICA 1) MAE 918 | 72, ARGFIEFENE. HiX i nr s 2 B skt

THERE, HEEBRESE 0.5m I, & K2 H 5 E e Wi, i

G S AR SCENE VR REER LS, A SCELIR S HA P A G S E TR RE 22 AN K
# 52 HbsiERES, BEES 0.5m MEREXT LL

H% MAE RMSE HR(%)
[23] 1.08 1.19 98.64
[28] 1.32 1.59 98.31
AL 1.03 1.11 98.77

RS53BRT HTH# IR, PR UEES 1m B AJSRIGLE R, WK 5-3
ATLAEH, MR # MAE, RMSE ¥4 Frfest, i HR(%)MH LT 0.5m FEEGHT,
BARRLATEAR] 1%, HIXRLHIETH: ZR T, =MIrErREm A —
SERRREM R, A SO T H AR P R L S

* 53 HbrEbREs, BEEY Im PEREXTLE

CA7S MAE RMSE HR(%)
[23] 1.22 1.61 98.18
[28] 1.45 1.87 97.91
AL 1.13 1.55 98.50

RS54 BoRT HARATHIDRE T, EEMRGHE 1L5m B ISLIBER, MR
ATLAE H, HR(Y%)BUE R A ALK T 96%, 1 RMSE &1 3, HULA A,
SMEETERESA I TR, Horb, A RROR SUEBE IR T R R K

# 5-4 HbpiERES, IR 1.5m MEREXTLL

H% MAE RMSE HR(%)
[23] 2.89 3.75 95.73
[28] 3.16 3.99 95.41
AL 2.83 3.43 96.17

® 55 W T HBMETROIERET, B AUERAS 2m I SEie g R, =R
EVEREXIE P T . M 5 RS BRI BLE, K2 BT TS HOR G W S i
B AR I DL, DR gz i 8 ] DA R 2R BRAE R D, Tk SRS B T
BRI DA THE, AT ICA Tk iR SR &, A4 RHERI ST &
FEEE, A AR SUEBINAE NES a7 5N, WRHZEVE HR(%) XA 9

55



TR R A0 18 5

3.02%, PERERZE. AR EAER B N TR R, 1ZHRTR
T sl B AR, w DUA RO E A RO R X, IRl WA P B, — &
FEPE BRI T Oz B B e R A RE I, BT LA SCHE =38 TR M RE B

*® 5-5 HbpplbRAS, BHES 2m PEREXT EE

% MAE RMSE HR(%)
[23] 3.27 4.80 94.53
[28] 5.64 6.18 93.02
AL 3.13 4.26 95.08

542 BFRATEIRSTRIMEREXTEL KT

AN AR TIZ3IRE T, BB R s B d oA s, el N
100lux, REEVA N 1080p FITEHL N, BEATPERE LIS . £ 5-6 Bon [
HFRE TRIPRET, A 0.5m LI . M 12 RZ i Kbt
ANTRFERHE WER S . =FhEE RMSE 3@ T 2, S5 RASHLEL, MEhe
PR B, IXRWT Hisiahmokizsh T 8, ERMERFIIIRT 97%,
Y, =MENEEAE Wbt Iae 1. o, ARSCREVERRALT AN E FE

% 5-6 HirizaliRaEs, FEES 0.5m PEREXS HE

CA7S MAE RMSE HR(%)
[23] 1.58 2.79 97.11
[28] 2.82 2.41 97.62
AL 1.78 2.33 97.84

%57 BoR T EARIE TREMRA T, BRI Tm (OSSR B FRRER B

AR S BB AT FERIN, BEE, SRREER, R AR B B I R T 9

6%, i, ICA HiEZHEs) THEMR A, RMSE & T 4, Fuzah THha I8
* 5-7 BARi2aPIRES, BEES Im MEREXTLE

CA7S MAE RMSE HR(%)
[23] 3.53 4.09 95.16
[28] 2.68 3.57 95.99
AR 2.47 3.15 96.43

% 5-8 R T HARETFREIPIRE N, FEEMEEE 1.5m 12 4E B, T,
SRR RE S A B IR, o, TCA (AR T BRNE B o, IR v
WA 91.71%, WA R R/RSIEFETEHTRA 73T 285 ARHE R
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ERRIA FARR IR EOR, — @R R/ ME A AR s R T, BRI, A
FAE S FRIR ZUEBINEMEREBOVHIL, A SRR T 55— R A
% 5-8 HArizaiRaEs, FEES 1.5m VEREXS HE

CA7S MAE RMSE HR(%)
[23] 6.91 7.19 91.71
[28] 5.24 5.68 93.60
AL 4.13 5.04 94.15

® 59 Bon T HIRE TREPRET, RS 2m BSRGas R I ICA
HIHER R C KT 90%, A F-R/RSUERIIERIER R HBAA 91.23%. X415
FRAR A5 R ER B9 2 R 2 HOE FE 8 B AR SR e B o e, 1T HAnizsh HER B
BB ARG, OGRS A B R, T H A2 T, (55 S R A (S
SHEZ, TEAOLRESPWRSHORSE S, MR A0 mp%s)
F RS AR R A 73 9 30 B TAL B, AT DU RO e A OGERIX B, — e R
FEAABENL S H AR Z R AR 185l , I HARSE &R - ik R A5 5, $iissh
RE 7T LA L P B 1 e 0 #O0 T FoAth PO A% e B

*® 59 HipizapREs, B 2m PEREXT EE

H% MAE RMSE HR(%)
[23] 9.28 10.04 89.32
[28] 7.89 8.57 91.23
AL 5.63 6.12 93.17

CL_ESEEn] UIEBIAE A AR T BE A SRS N , AT tRe i T2
RT3 R0 BOX A B DA S 3 T30 M0 S0t i P Al A% S 55005 o =4 B b Ak T LIRS
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