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3 FTALAT I B A7 S AT TR )

HE: B B ORE R M (HRY) HEAFURET, BRI BE DN ERRSHE TR 75
EOUERAFASEE (BERETFEL=50 ) AXKAE, B | WEANL A KB A0
MEH, RBRAXTHHI0 R ERALD TS R =ZBARGEHES TH, CRAFTHTEMT
Bo AMMA TR BN EZTEE, 4 A KRE2 A HRV HEHTUESMT. BR BHES, KR
4% M0 1A A7 B 2 (SDNN) A5 48 IE % % 1 /04§ 5] 21 2 (E 89 4 77 AR (RMSSD) #1482 50 ms WA L
AR E OB EH RSN E 2L (PNNSO) MR AR, ARRWEZREF A
HEEN(P<0.05) ; ¥ BATHMEZR AL T FEL(P>0.05) o REAATMAKAM ) % (LFn)
1K, @M% (HFn) # &, HiX %W /5, LFn HFn . LF/HF T4 Z R A A it ¥ B X (P <
0.05) ; %t L4 4 Bt Bt LFn HFn . LF/HF R 2R A ¥R Hig ZEXSBHGAEIZH
HRV A FHMEH AAXRA N RGEIRRWEER BRERBRHEES, EAGTEENE
WP EMERRASWEMBALERE—FHR.

KB ZE RS R R RN BE AFE

doi: 10.3969/j. issn. 1006 —-2157.2019. 07. 006 FESHES R247.4

Effects of three-circle pole—standing gigong on heart rate variability in
college students with anxiety

Yan Jian', Zhai Xiangyang’, Wei Zeren', Zhang Jialei’, Wei Yulong'®
(1 Beijing University of Chinese Medicine, Beijing 100029, China; 2 Henan University of Chinese Medicine, Henan 450046, China 3
Xinyi Health Science and Technology Co. Ltd, ENN Group, Hebei 065000, China)

Abstract: Objective To explore the effects of pole-standing qigong on anxiety via investigating the heart
rate variability (HRV) time and frequency domain parameters. Methods College students (Self-Rating
Anxiety Scale, SAS=50) as volunteer subjects were recruited and randomly divided into experimental
group and control group at 1: 1 ratio. The experimental group received standing gigong intervention for 10
weeks (=5 times a week) while the control group did not receive any intervention. Before and after
standing qigong intervention, The HRV results of both groups were collected for comparative analysis.
Results The SDNN, RMSSD and pNN50 of the experimental group were higher than resting state before
standing status, and this difference before and after intervention was statistically significant (P <0.05) .
LFn was reduced while HFn increased in the experimental group. The difference between LFn, HFn,
LFn/HFn before and after the study was statistically significant (P <0.05) in the experimental group but
not significant in the control group. Conclusion The pole-standing gigong intervention has a significant
effect on the HRV in the practitioners, which is characterized by improved parasympathetic nerve
activity, reduced sympathetic nerve activity, and benefiting from the balance of autonomic function. Its
relieving effect on anxiety status warrants further study.

Keywords: three—circle pole-standing Qigong; HRV ; anxiety; college students
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T2 S A B AR AR 4 5 0 U T A2 T R
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T-Hit RN MOFE RS A 2, 3 HB R 11 HRV 3¢
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TERARRIFEAE, AER 18 ~23 &, RR AT X
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5 R BE A 2 A B Be A A o
1.2 Hring

GAGKNETH B M A 2 (i 3h
JKAESTHE ) |t Y 0 1 22 2R e 075 G i
PRI Lo 8 LG  JUL A 8 2R e LA R S fth i
BAE AL T ANE BLHEAT S AR DD F T

1.3 Blkirk

A IMEZINELL =5 KBS E =10 X3 B
CIIED
1.4 BLEARE

TG AT Foft Ji R AT A 38 HH S R R 5 A I 2R
2 FE, B A% M /R EE S ), BT
HHE T G FEZERD) N ERRB 2R,
A BB R AR, B W B AR A R B
HH OB HRTE » (B P42 S AG W T 2k Uyt 42 ot 7 A 3
1.5 #hEFE

TEARWE T S P AR TS T R 22 F A
S 2, HSE5e 1F 30U A 2 b st B 25 K 2
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2.1 54

K FPAT X BB IR 56 5 125 4 80 44 21 14 IR
11 b 4320 R0 2H 40 N 5 XFHEZH 40 Ao
2.2 FHA*k
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i & B RO ERIE AR, R, [N T AR
AMRTERTS 10 1F A R %

(3) Wl TN 25 15 T 32K 3 4R = [ =k ik 2
DL A . RTE SR B35 A IERE R IR AR, 7252
W SR W S RAE AU 8 5] 3 S B =
T BT S Y E T ST 0 T
2.2.2 xtHE4A

AL AR B 510 LB SR A 550 44T
Z 50K, A5 5 = B ki 8 4E 7 fy
B Al = 8 Al HE T (1 B R AR AT A
2.2.3 s kR

Bl A2 o, g AN N 3% 33 =5 = 0k )
AE B S5 TR i) LR AT A 2 AU AR S [R) I R AN A
PR AR AT A IE -

2.3 BHEE

MP - 150 16 /£ #1d AL ([ BIOPAC 24
%)), Kubios HRV Standard for Windows ( version
3.0.1) QHAE 5 MM
2.4 M Tk

FH 5155 AT, 6 57 R ST SRR, ANk
TEMES. ZREARELTFREZEN, WER
P » B R SR 3T 1) 75 DR BF P o B8 5 ARG MR 25
Xof AR 72 A RS U (ORI %) At e (P9
KR AT B 2 T o AR B A AR A 43 RS I
F UL B, AR R T B, Ul B A B,
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(stance state,SS) , 3£ 2 AN B, 43R A 455 min.
PRI A 2 BRI 0 50 HRV $0dfE -

I3 ARG HT S5 AT 5L RETA I X R
f) HRV B 325 57 () SDNN . RMSSD. PNN50 #§ 45, 45
P AR AR T 2 (LF) | i 452 26 (HF) A0S 00 5
2t (LF/HF) o ARSCATHEFIN LFn (%) = LF/ (&
IhR - ARSI ) x 100% , HFn (%) = HF/ (&
ThE - MARSATLZ) x100% -
2.5 4%itFmik

f#i | Kubios HRV Standard 3.0. 1 .0, 1{Z 59 ¥t
BAF AT BE AL B, SR 5 4 2 F HRV & 3idE 45 H
Excel £ HATHIG R A2 2 J5 F SPSS 20.0
43 5% 32 R R BT 5 HRV I 38 U B TR
06, SR i K AR A ¢ K56, 45 K A
(& 25) Fox; RAFESHAH RAHES YR LK, 4
BRH PRI ER. L P <0.05 HERAE i

3 &R
30—

SARFBIN 2016 4 O F AL R 2R F R
KA A (19.5 £3.5) % fF &M AFRAE M 2K
# 80 A SR i 53N, Bk 27 Ao R4
B S BV 43 S5 HE LR VERKIL A7 10 20 A7 4
RERPA LR 0L LT R %57
LB, AL (P>0.05) . WKidH
IR | A R IR 10 A R 69 A
SEREEA R, FO I 39 A A IBAL 30 A
3.2 EERSAMER

BRI, T LU 5 b 25 40 4 00N 96 B
Tt EFARGIEEL(P<0.05) . HRAEL
AL R 5 T T H s R Mt B 40
HARIAIL IR B3 (P>0.05) , 5 W% 2.

F1 ARATHAIEREEFREWX (n=39)
Table 1 Changes of pl neurotr: s in rats with liver stagnation pattern(n =39)
s 5 H T THUR . 55
Status Ttems Before intervention After intervention
R4 NS SDNN 38.70(30.70,62.30) 51.90(28.70,77.50) —1.535 0.125
RMSSD 33.50(25.20,66.70) 32.40(23.50,73.50) -0.810 0.420
PNN50 10.10(2.80,19.50) 9.50(2.80,21.80) -0.520 0. 600
Wbk ss SDNN 41.80(10.50,2 284.1) 76.40(15.60,5 547.60) -3.084 0.002
RMSSD 35.40(6.60,1 317.3) 56.80 (8. 10,3 499. 50) -2.289 0.022
PNN50 6.70(0.00,65.20) 11.70(0.00,93.30) -1.965 0.049
#2 MNRETFARIEIBIEREN (n=39)
Table 2 Changes of time domain parameters in the control group (n =39)
R& o 5 F- T FHE z P
Status Timing Before intervention After intervention
HARA NS SDNN 32.65(25.85,70.33) 26.10(19.60,58. 18) -0.195 0.845
RMSSD 30.85(20.33,86.80) 23.35(16.25,76.50) -0.110 0.910
PNN50 8.30(0.60,22.93) 2.60(0.00,18.53) -1.510 0.130
SRR SS SDNN 31.35(16.80,1 396.9) 44.90(12.80,1 996.60) -0.658 0.051
RMSSD 26.95(11.20,1 814.40) 34.30(7.70,2 278.60) -0.936 0.349
PNN50 4.65(0.00,82.80) 7.70(0.00,92.40) -0.260 0.795

3.3 RBHMTL R

EEARS T, R MRS 528 b, LFn T T0HT
J5 & &% (P <0.05) , HFn Tl 5 & L7t
# (P <0.05) , LF/HF i)t T B R 5 5K F T
PR (P <0.05) HFEEET 1; [ HA 0 X B4,
[ LF/HF 284034 745 556 20 AR 4 LEn \HFn 735
B EMR. SRNES.

ESEAEAS LT I 4 ATk 2 5% 4k, LFn T
TRl G 2 FFE#E% P <0.05) , HFn FHiRT 5 2 EF
¥ P <0.05) , LF/HF F 15 Lt Tiai i bs K7
THEHE P <0.05) HEBET 1; [ R0
41, LFn. HFn.LF/HF [#) %% {445 4k #4395 5 R 56 41 A1
o BERNE 4. LB REE b, Zi34#% HRV
SRR bR SR A I 1 TR
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#3 BASTIEESIERELLEE (3 £5)
Table 3 Changes of frequency domain parameters before and after intervention (% +s)
o AT FHiE
ZH 5 iP=d
HL3H Groups P Timing B Before intervention After intervention k P
K41 Experimental group  LFn (%) 39 63.6+25.6 55:64#23.6 -2.09% 0.043
HFn (%) 39 36.3£25.5 44.3+24.5 2.094 0.043
LF/HF 203 1:23 -2.377 0.047
Xt HEZH Control group LFn(%) 30 54.5+21.2 55.3+18.7 -0.194 0.847
HFn (%) 30 45.4£21.1 44.5+18.7 0.230 0.82
LF/HF 1125 A2, -0.365 0.91
R4 ST IAIESISIEFRELLEL (3 £5)
Table 4 Changes of frequency domain parameters before and after intervention (x +s)
o T T FHE
ZH 5 G S =3
413 Groups I % Timing E Before intervention After intervention £ P
1G4 Experimental group  LFn (%) 39 70-7+23.0 54.0+22.6 -3.558 0.001
HFn (%) 39 29:3422.9 45.9+22.4 3.566 0.001
LF/HF 3.51 1110, -2.704 0.001
X HEZH Control group LFn (%) 30 62.0+21.2 59.6+18.6 1.086 0.156
HFn (%) 30 37.9'%21.2 40.2+18.3 —-1.065 0.159
LF/HF 1.90 1:.51 0.564 0.125
0.03
0.04
2% o
#= 0.02
=g oot 1
0 A 0
0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 0.3 04 0.5
Frequency (Hz) Frequency (Hz)

At FHHT; B: FHUR: A: Before intervention; B: After intervention; 0 ~0.04 Hz: VLF; 0.04 ~0.15 Hz: LF; 0.15 ~0.4 Hz: HF.
Bl 2 EEHES T Ha e R BT R R E

Fig.1 Changes of spectrum graphic before and after the SS intervention in experimeutal group
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hiE. RITIRARRIERBT
HEF EAmE HXE #EK% RBE FRAX
(T TEHRSF, M 450046 )

[FEE) 45t “BURIR” ML BIRER, MEARIERS . MEHAE. s iUE =Fam e
BERENKRR, BHEREL, BRN “UAER", EREHERNEROMLEREE.
B RGH A\ BR . BRI TR A T RARRS B 897 5 RS 5t =
BB A BRI EIRERIT R, AW R H AT TR T BONRANRTIT, « A 77 ML LARERR
B, EERREANERLEX =MRREEER, FRALGEATR, Bk, &7 T
FREOVE A I 48 a5 BESL IV RTIR R BT HUSEE AR o4 £ g MR BRI
BITHRARRMAEEL .

(e ok &7 RAR

FEE A\ DAL M et S XMBRT R POERE A, KRR DHARIE. RE
BUR KRB SHHEARERSZRRAESIEFHLRURREEE,

1. BASMERIR

THEMRIT RBEE ARG CR@BERS IR, FSFTRDO . KikE. \BHED
EHSERER, S1%. IAEAS:; RITHHEST/R, REEELIVERM. S5K,
M IERMRBT AL RIRTERK ISR BB R B, b 5HA S BFRERARR
REBES, SR SHRBRIREER AT, R IR REE R X RIT IR
RERLTESH B HHURELGEATRE, BERREERAMMEREARTE,
REWE. B 772 MIE. RITERFEATRAGHA, BhAFEERAK
REBETE HERFRERFE TR, REEMRREPELRRRFSENR, FMAXRS
FARFERIS K L

2. FIB\FERR B

HEZGREEBRA IR BUR, ERETERIEENEBMARBAS O
RAER T EEFEM. FARRT 2000 /5, REFHNFNE. STHEBHNHAS
k. FEMAMARMLZXRIMENIEZ, T 2010 FERRT AR KRN, £H
FPEHEHRR. WEETETERNZRET, LEFRTI/\BEREFIER 50 K7
R HIERERL . LAV, HET R, R T HBOR. FisERE . RS
FHF RS, AR AAEIFTR T AR ARE, RETHXEHHUERKRAL
Fl, RERMZEMRRIMEEZFEBHGIA: EWE. T TIRBEH R, RiZERH
7, HXHET AT TR T EARS, EEENRXRRNET. ST RHE
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MER X MR ERHAEN, RABEK BRI EE S H SR ME— ik 7 B
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NNBREERT B LS AR PRHET AN, BT 40 RWMHT
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2 T

(2) e, RITHRRBRRERTRL: FMALT AEREERMEELS 5% 1
W GEPHS: 2013-J-234-1-01-R10). VAREEAREHE S SR 40, KERXRKHEF
24T, RET 80 RE LTI, SCI. EI. CPCI I 50 &, HIRFAREE 41 #;
SEBRTERHZ 1A DEERIE 14, B3R TRESR | 5, FiRenss,
RS 12 ke 25 A SheeE (hEZGILY YR BT P RE-Z5ERIE B R R
FBIEE: B THRAAELRBARME, HEENERTRERA. BETRER
HAAEETE. BEREXFGOHRE . EREAMNEES. BXTESHEBERIHA
10, AEEEFRRBEAETHAEESTES 1 Bl. BRTRBAEAREHAS
TRI-AF 1 (FB%S: 154100510020).

(3) Thik. BTFHRMALRIE BIR: AJ5 1 E 2000 FLk—ENFFEHEY
RAGHEP B HE L R RS FFREERKA AR (f
E IR BRI SRR G R WEABR 2N TRE T (FEEHF
X 25 R SO P R R R SR AL R A S SEBEXTR)
R (FEREE S=HEMEFINER “TZH” AYEM: NEAFR “BE
TR E—AWAER S BENEREE SRS $ERTEAEERHE
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A HRABER KBS R 1

3. 1 FEE A FIBF AT AL L
i RREARRE EFRARGIEAR LT EARRRS, B A RAT AR
ARBHENLK DL, MWIHBTRER M TELM B B a4 HAEDIE.
BT TRERHATHAEATLKT, RERABEERBRBEESIE; k.
BT REARR AT EAEEASSKT, RER (hEGM) R 12 THARR, &
ER5 A AE LI HT RGO E R BATWARAE; T R XM AT mA R
AESEAKT, RERMERPEHEERFEAFEE-/\BREEEIMET B,

3.2 5 REFNBARRBR

OBRBEHMBRFKTAA, TEHATE, WUINE. RTHRRFERG A
HEIBA, IR E— R BIHTHIRA;

QHIERRRE 2, PFEERKAEF S, RHFEWERLOESE 2 T
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RAE10 %5 BT 6 FhRIT ™ H.

@K 1~3 TRRIFE: B 1 MET H .

4. HIBABT L 2o

4 1 RR/NPPRRRER: TR CERBERBEGELS —%R 1 5, REW
MAROHY —EK 120, TEFEGELPEOES —HR 1T RELHEHEMT
WREFBHRATCEImA; & 12 WHRRE (BE. BR. T&F. BF. X
o HRA FERE. AMERE. BRAN. FR. BAT. BT WPRARCEL RN,

4. 2 REFXRALRE: EAFREA 3T MEFRL, . —FETFREEHN
HRMAEAE LR —MEaEEN B REREHESTE SRERSR.
REUFE T RAVERREZ R BRI B IARE R ZR R A= vk RS
FEAGE YRR & IT R R & ST RABE R SUBENLIFAR. JR A 2 512 8 AR
FASNABR; BRELAEERARENEEH EHTERETESENTE: —FR
FTAIREI NG E: — RSN B X M A LR, — R EBTE T R B U R L
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sensing technology, which can help people improve the level of development in many
fields. Nowadays, people are facing a serious environmental problem in the process
of social development: air pollution. It is very important to study the principle of its

Keywords: production. In the past, ground monitoring can usually provide a long time sequence
Remote sensing image and high-precision pollutant concentration. Many meteorological monitoring stations are
Sensor sparsely distributed and cannot effectively monitor and analyze the spatial distribution
Air measurement of atmospheric pollutants. This article will the detection of the spatial distribution of the
Big data smaller pollutants and their concentration changes are the main targets of information

AOT retrieval algorithm collection, and the method used is an inversion algorithm based on satellite remote

sensing technology. Through the use of satellite technical characteristics to observe
and analyze the atmosphere and analyze its correlation with the smaller pollutant
parameters in the air, use the AOT retrieval algorithm and the AOT retrieval method with
NDVI low-resolution processing to collect satellites The obtained data was processed and
analyzed, and two AOT inversion models were successfully obtained.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the relevant policies adopted by the Chinese government and related departments have played a very
effective role. In the long-term development of society, the development of many fields requires advanced technology.
People can use this technology to affect a wide range of the area collects information and can analyze the development
of a certain area over a long period of time. In order to effectively understand the state of air pollution and the source of
pollutants, my country has established more than 1400 air quality testing sites to observe the country’s atmospheric
conditions in real time. Due to the scarcity of distribution, the distance between the stations is relatively large, the
maintenance cost is high, and it is difficult to collect the continuously distributed pollutant concentration in the space,
and the ability to indicate the pollutants in the area is limited. In addition to artificial pollution sources, pollution
sources such as wildfires and volcanic eruptions are also the main sources of small-volume particulate pollutants in
the air. Compared with previous detection stations, satellite remote sensing technology can simultaneously monitor and
analyze a wide range of pollutants, and can conduct real-time observations. It has unique advantages for finding the
source and development trend of air pollutants. In this article, the detection of the spatial distribution of the smaller
pollutants in the air and the law of their concentration changes are the main targets of information collection. The

* Corresponding author.
E-mail address: Gina@tu.eduvn (X. Zhai).

https:{/doi.org/10.1016/j.eti.2021.101679
2352-1864/© 2021 Elsevier B.V. All rights reserved.
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Fig. 1. A city digital elevation map.

method used is an inversion algorithm based on satellite remote sensing technology. Through the use of satellite technical
characteristics to observe and analyze the atmosphere and analyze its correlation with the smaller pollutant parameters
in the air, use the AOT retrieval algorithm and the AOT retrieval method with NDVI low-resolution processing to collect
satellites The obtained data was processed and analyzed, and two AOT inversion models were successfully obtained.
As people's awareness of environmental protection continues to increase, relevant governments and departments in
my country have also noticed the importance of environmental protection. In order to further improve the quality of
environmental protection work, my country has issued relevant laws to supervise and guide environmental protection
work. In the past, ground monitoring can usually provide a long time sequence and high-precision pollutant concentration.
Many meteorological monitoring stations are sparsely distributed and cannot effectively monitor and analyze the spatial
distribution of atmospheric pollutants.

In order to determine the degree of impact of environmental issues, the Chinese government has formulated air quality
evaluation standards and stipulated the relevant content of the air quality index. When evaluating air quality, the level
of air quality mainly depends on the amount of various pollutants in the air (Bergman et al, 2016; Brandner et al.,
2016). In order to better evaluate the impact of pollutant content on air quality, researchers have proposed relevant
parameters describing the structure of the atmosphere, which can measure the degree of stability of the structure.
From the perspective of boundary layer meteorology, we can know that the analysis of atmospheric pollution is that
the researchers mainly analyze the specific conditions of the mixed layer. In the process of analysis, people mainly use
formulas to calculate the thickness of the mixed layer. The thickness can be used to indicate the dilution of pollutants
in the atmosphere. In the process of people’s survival and development, all kinds of materials that people need are
provided by the surrounding environment, and people must protect their own living environment. In the process of
development in recent years, people have begun to transform and develop the environment. In the process of economic
development, many people have not clearly realized the relationship between human development and the development
of the environment, and many people have ignored themselves. The impact of activities on the development of the
environment has caused great damage to the environment (Corradini et al., 2019).

2. Green city air measurement based on remote sensing images
2.1. Data source and processing

This article will make the detection of the spatial distribution of the smaller pollutants and their concentration changes
are the main objectives of information collection. The method used is based on the inversion algorithm of satellite
remote sensing technology. The ground station in this article mainly provides research data for model fitting and model
verification. The total number of ground monitoring stations established in City A is 35. The main locations of the stations
are shown in Fig. 1. This article downloads most of the data of the small-volume pollutants in the air from 2016 to 2020
from the Environmental Maintenance Center of City A (Fujiwara et al., 2004). In the process analysis, this article divides
the small pollutant materials in the air every hour from January 1, 2016 to December 31, 2020 into two data sets, namely:

2
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Table 1

A city 35 PM2.5 ground monitoring site coordinates.
Site number Longitude (°) Latitude (°)
1 116.911 40499
2 115.972 40453
3 116.832 40.37
4 115.988 40.365
5 116.628 40.328
6 116.22 40292
7 116.23 40217
8 1171 40.143
9 116.655 40.127
10 117.12 40.1
11 116.174 40,009
12 116.207 40.002
13 116.397 39.982
14 116.287 39.987
15 116.349 39.954
16 116.106 39.937
17 116.461 39937
18 116.485 39.939
19 116.339 39.929
20 116.417 39929
21 116.184 39914
22 116.395 39.899
23 116.407 39.886
24 116.663 39.886
25 116.394 39.876
26 116.352 30.878
27 116.279 39.863
28 116.368 39.856
29 116.146 39.824
30 116.506 39.795
31 116.136 39.742
32 116.404 39718
33 116.783 39712
34 116.0 3938
35 116.3 3952

(1) The average value of the smaller pollutants in the air for 24 h from 0:00 to 23:00 each day.

(2) Smaller pollutants in the air in the same day show a gradual increase in concentration from 10 am to 2 pm.

Nowadays, people are facing a serious environmental problem in the process of social development: air pollution. It
is very important to study the principle of its production.During the time of collecting observation data, assuming that
the condition of the continental surface remains stable, the regional background aerosol model can be used to invert the
BRDF parameters of the bottom ticket. The MODIS 2.1 pm band is used to invert the AOT of dark and medium-bright
surfaces. The MDOIS observation data of four days or longer when the AOT value is low are selected to calculate the
various parameters required by the research. As long as the required parameters are obtained, the data at the time of
satellite transit can be estimated (Hitoe et al,, 2009). When the weather is sunny, the regional background aerosol model
is used for inversion through this algorithm, and the haze weather is the inversion of the value using the data on the
ground, as shown in Table 1.

After verification with the relevant data of the ground station, it can be found that when the underlying surface is a
dark surface, the two products have very similar accuracy, and because the MAIAC algorithm calculates more data, it can
The two ground surfaces have high accuracy over the underlying surface, as shown in Fig. 2 (Hussain et al., 2017).

In Fig. 2, the spatial distribution of stations in city A and the average value of the smaller pollutants in the atmosphere
(different colors represent different ranges of values)

The linear relationship of missing values in the study area is as follows:

Warm season:

T = 0.952 x Taq0 +0.010 (1)
zgqm = 0.924% Ty, + 0.056 (2)
Cold season:
Tran = 0.945 s Taquq +0.020 (3)
Trgm = 0.919 * Taque +0.026 (4)
3
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The definitions of MPE and RMSPE are as follows:

n

MPE =" (yi—yi) /n (6)

i=1

RMSPE =

2.2. Statistical description analysis of air measurement in green cities

In this study, A is a sample pair with a total of nearly 35,000 small-volume pollutants in the atmosphere from 2016
to 2020, which meets the 1301 day model fitting. The number of relevant days per year is also counted. These pollutant
samples with smaller particles in the atmosphere are mostly used for model fitting and verification. The minimum number
of valid samples in the relevant site is 666 and the maximum is 1015 (Levasseur et al., 2013) (see Fig. 4).

2.3. Model fitting and verification results

This article selects the real data set, and also uses the 10-fold cross-validation method to verify the manually collected
data set, determine the final training data and test data, and calculate the average classification accuracy, calculate and
the result of the analysis is shown in Figs. 5-8:

It can be known through specific analysis that satellite remote sensing technology is actually used The process has
strong timeliness and can create a lot of economic and social benefits for people, which is an advantage that traditional
monitoring technology does not have. In order to ensure the smooth operation of the system, this analysis also tested the
computing power of the constructed model. The results of the test are shown in Figs. 9-13:
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Fig. 7. Scatter plots of PM2.5 model estimates and ground observations in each year (model fitting).

Table 2
Summary of model performance.
Year N! Model Model fitting Model validation
R? RMSPE MPE R? RMSPE MPE
(Rg/m*) (pg/m*) (ng/m*) (ng/m*)
12 093 20.64 12.67 0.91 2242 1370
2016 6230 3 091 2372 13.52 0.89 26.15 1475
I 091 22.08 12.90 0.89 2434 1405
2 il 11 091 2299 12.93 0.89 2590 1418
I 093 19.46 11.23 0.91 21.95 1232
23 Gre8 11 092 2110 11.57 0.89 25.20 1285
| 090 19.72 11.36 0.87 2273 1256
2019 6970 11 092 18.68 10.55 0.90 21.21 11.71
I 094 14.26 8.11 0.93 16.19 8.94
il i 11 093 16.01 877 0.92 1820 9.69
I 090 16.98 11.22 0.90 21.67 1228
Al 33728 11 092 20.61 11.42 0.90 23.46 1258
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Table 3
MODO04-3KAOT model performance summary.

Year N! Model Model fitting Model validation
R? RM SPE MPE R? RM SPE MPE
(ng/m?) (ng/m?) (ng/nv) (ng/m?)
P 0.84 1695 10.79 0.80 19.02 11.87
13 363 g 083 2054 12.25 079 2267 13.44

3. Big data monitoring of healthy sports based on acceleration sensors
3.1. Sensor-based raw data collection and data preprocessing

With the continuous advancement of various technologies, the performance of

smart phones used by people is getting

better and better. Many types of sensors are used in the production and manufacturing of smart phones, such as: three
weeks for detecting the state of motion Acceleration sensor, gyroscope sensor and magnetic sensor for sensing direction,
photoreceptor and temperature sensor for detecting surrounding state, etc. This article collects data from three-cycle
acceleration sensor on Android smartphone to measure energy consumption in the body To conduct the main research,
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Table 4
Three smart phone acceleration sensor parameter information.

Model  Working frequency  Measuring range  Resolution

A 0.5-50 Hz +18 g 10-3-10-%
B 0.5-50 Hz +9g 10-%-10-3
c 0.5-50 Hz +9g 10-3-10"4

therefore, the test plan of this article focuses on collecting the acceleration sensor signals of the smart phone and the
human body (see Tables 2 and 3).

This article mainly uses A, B and C running on the Android platform that require high-performance collection as a
platform for acceleration collection. These mobile phones are equipped with high-precision MEMS three-cycle acceleration
sensors and three-axis gyroscopes (Nakano et al., 2018a,b). It can be used as a data collector for the recognition of human
motion behavior and energy consumption detection. The performance data of the acceleration sensor in the mobile phone
is shown in Table 4.

After passing through the interface on the lower part of the acceleration sensor of the Android smart phone, it can be
seen that the three-axis acceleration signal output obtained in the system interface is actually the sum of the acceleration
of the mobile phone and the acceleration of gravity. The three-axis acceleration can send acceleration signals to X, Y, Z,
and three directions respectively. The three-axis coordinate directions are shown in Table 5.

The sensor can accurately reflect the movement of the object, and the acceleration signal output of each state will be
changed according to the location of the mobile phone. The signal transmission when the mobile phone is in a non-moving
state in different orientations is shown in Fig. 14 (Ohno, 2012).

As mentioned in Table 5, the working efficiency range of the three-axis acceleration sensor used in most smartphones
nowadays is very wide. Even as a sprint exercise with extremely high exercise intensity, the stride frequency is only 6HZ.
According to the survey literature, the human body is other Basically, the frequency of motion is between 10HZ and 20HZ.
The measurement range of the three-axis acceleration sensor in the smart phone can cover the various frequency ranges
of the daily motion of the human body. The experimenter sample can be seen from Table 6.
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When the exercise level is different, the energy consumption of the human body is also very different. Therefore, the
division of exercise level in this experiment uses five kinds of exercises that people do in daily life. For details, please
refer to Table 7 for details (Passarelli and Koshihara, 2017).

The location of the test was a high-end gym in the city. The test site is selected as all high-end treadmills in the
area, and the temperature is adjusted to a constant temperature suitable for the human body. For exercises of different
intensities, each of which lasts for the same time, set the pace as an experiment, choose a treadmill that can control the
pace, and choose to sit still for non-exercise testing. In order to facilitate the distinction between the data of the two
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Fig. 13. AOT spatial distribution map in 2020. (a) MAIACAOT; (b) MOD04-3KAOT.

Table 5
Mobile phone acceleration data in different directions.

Position X axis Y axis Z axis

Up 0 9.81 m/s’ 0

To the left 9.81 m/s? (1] 0

Face down 0 —9.81 m/s* 0

To the right —9.81 m/s? 0 0

Face up 0 0 9.81 m/s?

Back up 0 0 —9.81 m/s?

Table 6
Definition of experimenter sample type.

Age group Number of Number of
male female
experimenters experimenters

20 to 25 years old 10 10

25 to 30 years old 10 10

30 to 35 years old 10 10

movement states, the participants should stop all movement before each group starts. Keep the non-exercise state for
half an hour, and stay still for half an hour after each exercise to ensure the accuracy of the data. For this experiment,
we will obtain more experimental data and provide materials for corresponding calculation and analysis. In this article,
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Table 7
Definition of human activity types in the experiment.
Exercise type Activity description
Still Standing still, lying still, or sitting still in a chair
Walk slowly Walk at 2.0 km/h on a treadmill
Go fast Walk at 5.0 km/h on a treadmill
Jogging Run on a treadmill at a speed of 8.0 km/h
Run fast Run at a speed of 16.0 km/h on a treadmill

the collection function of the three-axis acceleration sensor is separately developed in the Android phone. It can collect
and experiment with different levels of sports memory (Pommier et al,, 2016) (Puettmann et al,, 2019). You can also
set the phone duration and the characteristics of related data so that these data can be displayed on the phone screen.
Is displayed on the top. After starting data collection, it is necessary to collect samples of various signals and related
experimental data from the sensor at a frequency of 50HZ, and display the collected data on the screen of the mobile
phone. After the collection, the collection system saves the collected three-axis acceleration sensor data in the relevant
storage system of the mobile phone, and collects and analyzes the following data and experiments (Sahoo et al., 2019).

3.2. Design of a big data collection system for healthy sports

The two subsystems are the main components of the human energy consumption detection system: the human energy
consumption detection system client and the human energy consumption detection background management system on
the Windows server platform are run on the Android smart phone. Among them, Android’s native application is the
human energy consumption monitoring system client. It is developed by using the Java voice on the Android platform
and runs on Android phones. As the main user interaction portal, the human energy consumption detection system client
integrates acceleration data. Important functions such as collection and energy consumption detection, provide the data
services required by the client, and use the ASP.NETWEBAPI framework to develop the WebAPI interface, using most of
the system'’s business processing logic and data persistence function interface; the result of the Web site is The structure
of the back-end management system for human energy consumption monitoring is developed using the ASP.NETMVE
framework (Sawada et al., 2006). The back-end website system uses the most popular three-tier MVC architecture today.
The MVC architecture separates the back-end business logic from the front-end display logic. It belongs to a loosely
coupled relationship, which is more conducive to agile development and has considerable scalability (Silva et al., 2013).
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3.2.1. Human energy consumption detection system

The human body energy consumption monitoring system on Android smart phones is mostly used to record some basic
data related to the physical health of registered users, collect the output signals of acceleration sensors in real time, and
calculate the user’s exercise energy consumption. The movement data is transmitted to the main server for the purpose of
searching historical related data and conducting professional data analysis. At the same time, it can also provide effective
help for the client’s data query and analysis, user interaction and data sharing and other related functions (Silva et al,
2014; Thomas and Martin, 2012).

3.2.2. Human energy consumption detection process

After turning on the human energy consumption monitoring system on the mobile phone, the calculated data is
converted into exercise energy consumption. At the same time, the user can view the energy efficiency test data at any
time through the client, which includes the timely energy consumption, total energy consumption, exercise intensity and
exercise time and other related data. After the user set plan is completed, the system will automatically turn off the energy
consumption test, Continue with wireless network.

3.3. Client core business process and implementation

Through specific analysis, it can be known that the system used to detect human energy consumption is a software
that runs on Android phones. People can use this software to absorb energy during human exercise by installing this
software on their Android client. Accurate analysis of consumption. In the specific process of use, after the system accepts
people’s settings, it can collect a variety of data during human movement according to people’s different needs. Through
analysis and calculation of the data, people's health and exercise conditions can be accurately determined. To judge.
When designing the system, the designer designed the system including the user’s login and registration page, the energy
detection function setting, the energy data query window, matching exercise plans for people, the user communication
and exchange area, user sharing module and system management center etc (Wang et al,, 2018). This article designs a
relatively complete human energy consumption detection system for people on the smart phone platform, which provides
a good help for people to monitor their own exercise status, and allows people to know their own exercise at the first
time Data, so that people can design more scientific and reasonable exercise programs

After completing the authorization of the login interface, the user will enter the registration interface. The registration
interface will provide the user with a guide to create an account. The user needs to enter his basic information according
to the system’s guidance. The basic information includes his mobile phone number, email address and retrieve Questions
and related information that need to be set for account passwords and related data. After completing the registration
process, the user can enter the system and use various functions in the system to accurately monitor the state of their
exercise. It should be noted that users are likely to forget their account passwords while using the system. Researchers
have also proposed corresponding solutions when designing the system. In the process of applying for a password change,
users need to fill in their own Set the answer to the question or some verification information to verify your true
identity (Ahumada and Villalobos, 2011).

In the actual operation process, people can set a certain value in the energy detection setting module of the system
according to their own exercise needs, which is an index of each person’s exercise energy consumption. When people’s
energy consumption reaches this index during exercise, the system will send out a reminder to let people know that their
exercise volume has reached the standard. In the process of exercise, people can observe their energy consumption in
real time through settings. The system can provide people with services such as exercise time measurement and exercise
energy consumption display (Ahumada and Villalobos, 2009).

When people use the system, they can also set their own exercise plan in the system according to their own exercise
habits. The system will remind people of the implementation of the exercise plan and the specific situation of the
implementation based on the relevant information that people enter in the system module. . In addition, the energy
consumption monitoring system will also retain the specific data of people’s energy consumption during exercise in the
past period of time, and people can learn about their energy consumption during the previous exercise through query.
Once the user has made a suitable exercise plan, the system will monitor the completion of the plan according to the plan
designed by the user (Ali et al., 2017). If users need to know the completion of their own plan, they can use the query
function of the system to understand the progress of the plan and the specific situation.

In order to give full play to the importance of the energy consumption monitoring system, people have also given the
system the function of analyzing and comparing energy consumption data. Users can choose different dates to compare
and analyze their exercise energy consumption over a period of time, so that they can control themselves The state
of movement lays the foundation for making a more reasonable plan (Balaji and Arshinder, 2016) In addition to the
specific functions described above, the system has also designed sports coach management and health expert consultation
functions for people. People can understand their own exercise plan development by analyzing their exercise data,
and can clearly see their deficiencies in making the plan. At this time, they can consult the experts to improve their
exercise plan, and more. Improve your physical health. Finally, users can publish some of their own sports experience
and feelings in the sharing module of the software, which provides a good place for people to exchange experiences and
communicate (Bottani et al,, 2019).
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Table 8
Exercise intensity recognition algorithm.

Algorithm: Exercise intensity recognition algorithm

Input: Time slice-based feature value queue T1, exercise intensity classification counter T2

Output: exercise intensity classification queue T3 based on time slice

Initialize the exercise intensity classification counter

Initialize the current exercise intensity to static

While isRunning

While TL.Count>0

Read a set of characteristic values from the characteristic value cache queue

Remove the currently acquired feature value from the queue

Enter the feature value into the decision tree to calculate the classification result

The corresponding exercise intensity classification counter value is accumulated by 1, and other classification counters are cleared
For p in T2

10. If the value of p is greater than or equal to 3

11. Reach the state transition threshold, put the current exercise intensity classification into T3 by time slice
12. If the value of p is less than 3

13. The state transition threshold is not reached, return 4

14. End

—

20N I e

Table 9
Exercise energy consumption detection algorithm.

Algorithm: Exercise energy consumption detection algorithm

Input; time slice-based acceleration data queue T

Output: instantaneous energy consumption, total energy consumption and exercise duration

Initialize instantaneous energy consumption

Initialize total energy consumption and exercise duration

While isRunning

While TLCount>0

Read a set of characteristic values from the acceleration data queue

Remove the currently acquired feature value from the queue

Obtain the exercise intensity category of the same time slice as the acceleration data

If the exercise intensity classification is not equal to the static state

According to the classification of exercise intensity, call the corresponding exercise energy consumption equation
to calculate the instantaneous energy consumption

10. Cumulative total energy consumption

11. Accumulated exercise time

12. If the exercise intensity classification is equal to the static state

13. Exercise energy consumption is not calculated in the static state, and the instantaneous energy consumption is 0
14. Real-time output energy consumption

15. End

B0 Nt vk b N

In order to ensure the smooth operation of the energy consumption system, it is necessary to ensure that the
calculation of energy consumption during human movement is accurate, which is also the main task of designing an energy
consumption detection system. In the process of designing the system, the designer divides the energy consumption
calculation module into two parts: one part is the identification part of energy consumption; the other part is the
calculation part of energy consumption. The situation of the exercise energy consumption recognition algorithm used
in this article is shown in Table 8, and the specific data obtained from the calculation of exercise energy consumption is
shown in Table 9.

3.4. The main business process and implementation of the back-end management system for big data monitoring of health and
sports

In the process of designing the system, the researchers specially designed a network platform for human energy
consumption detection. The main function of this network platform is to uniformly identify and manage the energy
consumption of the human body during exercise. The existence of the network platform can help people to perform
data processing and data query and analysis. When users enter the network platform interface, they can see the user
management module, the authorization module of function permissions, some basic function setting modules, and system
operation and maintenance. Modules, management modules for professional coaches, and management modules for
trainees.

In the actual operation process, the user will enter the information setting page, which is the authorization page for
managing the operation of the system. The user who enters this page can be authorized by the system and become the
administrator of the system data. After becoming an administrator, users can set the company'’s organizational structure
in the network platform, and enter data on the basic status of the company's operations. In order to ensure that the
system can provide people with comprehensive query services during the operation of the system, managers also need

14



J. Zhang, T. Zhao and X. Zhai Environmental Technology & Innovation 23 (2021) 101679

walking

; - m T |
x Axis acceleration
¥ Axis acceleration
z Axis acceleration
acceleration(SMV)

The acceleration

Time (seconds)

Fig. 15. Specifications of a treadmill.

to enter the company’s staff organizational structure and information about the positions held by the staff in the relevant
modules of the system.

In the organizational structure of the network platform, the main purpose of user group settings and user role settings
is to uniformly manage the company's employees, classify employees according to their different positions, and assign
different management according to the classification of Employees have certain permissions, so that they can manage
employees of different ranks.

Due to the large number of administrators running the system, it is necessary to set up a user authority module in the
platform. The system will match the functions that the administrator can use according to the authentication information
entered by the administrator, and give the administrator the authority to run the system. In order for the system to
accurately identify the authentication information entered by the administrator, certain system parameters need to be
set in the relevant modules of the system in advance, so as to ensure that the system will not conflict during operation.

During the operation of the system, a lot of data will be lost or omitted due to errors in the operation of the system.
Therefore, the existence of the data dictionary maintenance module plays a more important role. This module can manage
the basic data of the system uniformly, and can ensure that the relevant information can be retrieved after the system
undergoes unstable changes. Ensure that the analysis and data processing functions of the system will not be affected. In
addition, due to the influence of the network and some external factors, the abnormal loss of data may be caused during
the operation of the system. Therefore, the system has set up a data cache module, which is specially used to save the
data edited by the user at any time, so that the user can After a failure, the data you need can be found in the cache
module.

During the operation of the network platform, the region setting module can uniformly manage the information of
the user’s country and different regions, and the user can obtain the main content of the relevant region as long as he
enters his own correct information. Considering that users may inquire about their previous login status and the use of
the platform, the system has set up a login log query module, an operation log query module, and an exception log query
module. These modules can query the user’s login system Specific information, and can accurately record the exact time
the user logs in to the system and the web address used when logging in to the system.

Through specific analysis, it can be known that the system designed in this research can also provide users with
professional coaching consulting modules and planning modules. Therefore, the system also sets up a special module for
the matching of coaches and students. This module can be used for sports coaches. It is managed in a unified manner with
the students’ sports situation, and the trainers can be matched with their own coaches according to the basic situation of
the students.

After the system matches the trainer with the trainee’s basic information, the trainer can view the trainee’s basic
information in the special module of the system, and make a suitable exercise plan for the trainee based on the student’s
health level and exercise information. In order to better match the students with a suitable exercise plan, the coach can
also query the energy consumed by the students during exercise through the query module in the system, and can conduct
a unified analysis of the energy consumption of the students during different periods of time. Develop a more reasonable
exercise plan for students.

Through the analysis of various information and the operation of system functions, students can obtain a more
reasonable exercise plan assistance, and can make their exercise plan more scientific under the guidance of the coach.
The system will also provide a message push function for students to enter, and will push some basic sports information
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Fig. 16. Output value of acceleration signal in slow walking mode.
Table 10

Definition of user information in system operation.
Column name Type of data Length Primary key Column meaning

Id Int 4 Yes Primary key
Uid Nvarchar 100 no Login account
Password Nvarchar 256 no login password
UserName Nvarchar 50 no username
NickName Nvarchar 50 no nickname

Sex Nvarchar 2 no gender

Deptid Int 4 no Department
Statusld Int 4 no user status
UserTypeld Int 4 no user type
Roleld Int 4 no User role
E-mail Nvarchar 50 no E-mail

Mobile Nvarchar 50 no mobile phone number
Memo Nvarchar 200 no User comments

for students according to their sports conditions, so that students can grasp the status of sports in real time. In addition,
the platform also needs to protect the basic information of the students. After the students input their basic information
into the platform, the platform must set up a special module to protect the basic information of the user, and ensure that
the user's information will not be illegally used or lost.

During the operation of the system, the system will automatically save the time when the user uses the system and
the network address used when logging in. If the system detects that some users maliciously log in to the system or want
to In the case of stealing other users’ information, the system will automatically lock the user’s network address and
prohibit the user from continuing to use the network platform. The definition of user information for system operation
is shown in Table 10.

3.5. Experimental results and analysis

When the human body is moving, the system will judge the level of people’'s movement according to the people’s
movement, and arrange the registration of the movement, and use the energy consumed by people during different exer-
cises to calculate the calculation equation. As the main standard for human energy consumption, the testing equipment
of the double-standard water testing method is simply expensive. Due to the support of professional laboratories, this
article is modified to select the measurement accuracy to be slightly inferior to the double-standard water method. Use
the treadmill measurement method as a reference and supplement for the test and detection of energy consumption. The
relevant performance parameters of the treadmill used in the experiment in this article are shown in Fig. 15.

In order to ensure the accuracy of the calculation of human energy consumption, this experiment used a variety of
energy consumption statistical data tools to conduct separate and synchronous comparison experiments, and set a total
of five groups of common exercise patterns for people. As shown in Table 11.

In this experiment, the subject needs to wear the bracelet on their left wrist, fix the collection with the human
energy consumption detection system on the subject's waist, set the subject’s relevant data on the treadmill, and start
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Table 11
Definition of experimental activity types.
Exercise type Activity description
Walk slowly Walk at 2.0 km/h on a treadmill
Go fast Walk at 5.0 km/h on a treadmill
Jogging Run on a treadmill at a speed of 8.0 km/h
Run fast Run at a speed of 16.0 km/h on a treadmill
Mixed mode Walk on the treadmill at speeds of 2.0 km/h,
5.0 km/h, 8.0 km/h and 16.0 km/h, each
step lasts for 5 min, for a total of 20 min
Run fast
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Fig. 18. Output value of acceleration signal in jogging mode.

the treadmill Perform a normal running test. The energy consumption data of the bracelet can be checked through the
software that matches the mobile phone. Install the human energy consumption monitoring system on the smartphone
and treadmill to perform online exercise consumption output, which is fixed in the experiment The smartphone at the
waist of the subject can collect the signal output value of the acceleration sensor at various speeds for no reason, as shown
in Fig. 16:

The acceleration sensor signal output value in slow walking mode is shown in Fig. 17, and the acceleration sensor
signal output value in fast walking mode is shown in Fig. 18.
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Table 12
Experimenter sample definition.
Sample type Description
Number of people 20 people
Gender Mn and women
Age 20 years old, 25 years old, 30 years old, 35

years old

BMI=18, light weight

BMI = 22, normal weight

BMI = 26, heavier weight

BMI = 30, overweight

Smart phones (Huawei Honor 6, Xiaomi

Body mass index

Measurement platform Note4, Coolpad X7)
Sports bracelet
Treadmill
Table 13
Comparison and analysis of exercise energy consumption measurement accuracy.
Movement Model Male Female Male Female
(smart phone) (smart phone) (Sports bracelet) (Sports bracelet)
Xiaomi 87.696% 87.803% 58.829% 60.386%
Types of Huawei 87.051% 86.572% 65.817% 69.214%
Coolpad 89.303% 89.185% 61.115% 53.093%
Xiaomi 87.659% §7.902% 56.222% 54.637%
Go fast Huawei 86.945% 88.536% 70576% 60.068%
Coolpad 88.095% 87.326% 49.741% 65.539%
Xiaomi 86.499% 87.696% 58.474% 56.185%
Jogging Huawei 87.286% 85.997% 61.828% 61.595%
Coolpad 86.483% 86.981% 67.073% 70611%
Xiaomi 87.707% 88.230% 64.612% 49.205%
Run fast Huawei 86.373% 88.911% 70.285% 52.904%
Coolpad 88.091% 86.147% 54981% 54.576%
Xiaomi 87.369% 87.269% 64.894% 64.979%
Mixed mode Huawei 86.267% 87.518% 59.591% 63.841%
Coolpad 85.956% 86.954% 54.367% 58.416%

Since there is a positive correlation between the physical differences of the experimental subjects and the energy
consumption of the human body during exercise, and the stability of the system on different smart phone terminals
is taken into account, this experiment uses experiments with different indicators and values. There are a total of 64
sample types, and many different exercise energy consumption experiments were carried out in batches. The experimental
samples are shown in Tables 12 and 13.

4. Conclusion

The current technological solution that can carry out wide coverage, low cost, long-term observation and collection
of large-scale regional information is satellite remote sensing technology, which can help people improve the level of
development in many fields. Nowadays, people are facing a serious environmental problem in the process of social
development: air pollution. It is very important to study the principle of its production. In the past, ground monitoring
can usually provide a long time sequence and high-precision pollutant concentration. Many meteorological monitoring
stations are sparsely distributed and cannot effectively monitor and analyze the spatial distribution of atmospheric
pollutants. This article will The detection of the spatial distribution of the smaller pollutants and their concentration
changes are the main objectives of information collection. The method used is based on the inversion algorithm of satellite
remote sensing technology. It can be known through specific analysis that satellite remote sensing technology is actually
used The process has strong timeliness and can create a lot of economic and social benefits for people, which is an
advantage that traditional monitoring technology does not have. In addition, this article designs a relatively complete
human energy consumption detection system for people on the smart phone platform, which provides a good help for
people to monitor their own exercise status, and allows people to know their own exercise at the first time Data, so that
people can design more scientific and reasonable exercise programs.
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