4 XX & XX
XXXX 4 XX H

ROk R

Geomatics and Information Science of Wuhan University

Vol.XX No.XX
XX XXXX

fi B B2 R

DOI:10.13203/j.whugis( £i it

/\

NS EéE'?t(

X ERS:1671-8860(XXXX)XX-0001-11

V=R Uyl N 3 PO S RURT TS

% 5Pk

T

1 a2 18 M5 B DR E R E s Wde 5N, 430079

1 E-/A\itjzi$4ﬁu/\i%éﬁ %%@4%&527/&%‘?%}] AL E M, AFE S A R AL A 3T AL 8

B A AW EE — R — 3 —

— AT AN R0 ERIRT B AN

BAFN S HMA A A

A AT VAR Ty B AR b ,@X;%%Z-T,%f&%li%#’fﬁlééﬁ%ﬂﬂr,ﬁ,‘iﬁ\#ﬁ/\ﬁ@b.&é’ﬁ%?ﬁ

e e NE R o
AT RBREINIK; R )G
AR A P A 3E A VLI VB KT 9 UL 2

B AL E R A BB & 0 BAE RS ABEABE R T AR ST

T B AR

MANE LT BEEABDSHNNES, BAENREBFERGTER S ARE
X A
AT AL AN S B INTRG R, G IE 00 4
Pe B AF AL 69 B R ASFL BRI S, TR B A

TEBEBTHOAFDESAHFTINE  RE,546
b A G B IF Bk Bk KA S HL AL 6 gk A UL )

EEEE LR T RN AE DA AR EE

KEMWH FERTESETMEENE FREZNEEY>FNH FHEBRTEME RS BFRELBZ L F

VAR TR A B EE L,
KB ABD S UM 12 F B KRB AR T A5
FE S ES:P208 XERFRERD : A

ONFE T A ED (I SARS ,COVID-19 %)
H2S 2 4 0 2 Chn A 6 Tk U 55 0 1 B
fh%%%—'ﬁw’é#);EJ\;%@EE?EIIEE@W/I\QE
R4z Pk, o e B R AN e M L Bh A
PHE CRAE R EE SRS AN TS
BN AN R WSR3 RN AH OCEB 1R iR 7 1] 2
— R B E LN, A0 TR G R R e 0 G s
NBEER AT A M T 7 X e AW Kad 4l Jr?
U SR o AR T 3 8 AR B R R 7 LA A A A sk B
1k 3 e RE X A ARE A AT A R i 2 B 2,
G o A5 N THE B0 25 2 i 2 3 2 i) R ) G B T A
TR TF LB A A8 A B0 2 52 3 B I
TR0 50808 S B It T o I B B AR A
BOHE 5 2 i ORI A B dl R R A
= B B DL R IR BE o AR I B A s A
U] 5 2 28 36 AR R A S 2N SN I
ShAS RN B T B0 25 UL 5 SR A K Y 1 5
FR, PR o A SO A 36 T A R R S
SR 2, S8 I AT R 3h A 59 00 fE 7 BR A

I #5 B #5 : 2020-08-16

4R 5

S HE T £ )AL, 20 B R R T 58 18— LE Bk ik

1 ABISHANHES AES
B
UL RS AR A SO LR A
9% 5 /B LAl WL T G 2 U T 1) 2
KM T M G RBOG S LR

Yo BRRE R T A E I 2 B R A Bk R

O URINEESY AP NS IR N E R LN U= 9]
TR ZR LA R 28 - M T — A% 8 oK s LA 2%, R
N2 e B Ak 4 Jay 1 1t B2 )45 5L L DA MRS 4
A8 W J5 23 ) B0 2 A O B S A L (B RS
T A 2% b 28 v 220 TR R S 25 0L )
i, N H T B o 8 45 N RE 3 Bl X it B R 8 9 R
W, EL 2 A R0 S A B A ] S ARG R
PEATRFSE A R o LA, 3T 2 A D69 Bl 0 T 2R
el Wl ARG s 5 2 vt 4t e BREE AZE
BRI7 HUR SEE VA O, X 3k i K R S

W& B B &AW &R (2017YFB0503802) ; 5 [ SR B2 545 (41771473) .
FE—1EF BN WL, B, RN S M IRAE B R G T B R B i A AR S A AT AN SIS S . zxfang@whu.edu.

cn



2 ER N

fi B F 2 R XXXX 4E XX H

[F1) 445 A4) 11 73 A3 LA 55 57 A 5 0 5 (] I T 4 1)
S5 R A JR TR Z0 5 W N2 1 Bl i I s A A D R
B Ry 5 3 N TR S AU BRI s S HOR
SCHE A AT AR SR PR B A G B BT 4R it
PAN S w68 3% sh MU 5 51 S RRERL

AR SCAR R CHE Bl 25 00 0000 R S, BRI
JE PR R0 R N Bl s Bl A R AR RS
MUEE R WA A LR o ) R N B O B 3 A
(58 26 L 5 8 I A AT SEME S AR . A
S RENW L, 5 ANFEKIPE (human dy-
namics ) A7 B 8 ) 22 55, 32 B AT RENS 3 i 2
B R 0 2 S e Rk 2 X RAZ AR RE WG]
5 AR50V A 7 T B I 2 B SRR RS L R
Wi /P 2 FE AR JE G o 0 L Bl 25 00 I 2 2 A
P HE T 20 X b 2 B8 52 o 93X — M 2 F YR
X R ) R RO, S X A UL % A WL
b2 I O Y A A B NS R (T SN
AWM AGEZ OIS Z—(LE D, BN
Ho PR AR DR R AT I BRI S AT ST R

K245 1 NHE Sl 25 A0 9 4% 5 N A i 5
KEF IS N2 228 NTEX G AE 2> %5 1]
M =s RIEGENSARTIRA ZLENIE
SE BRI ERAE B R RN W) R
FRLERZ — (EfF BRI VIS ATy
B LA 4 75 45 T THT B kAl DR SRR 5 T b 3
SRR 2 MR 2E AS T AR 2 Geih Y A R
Ao At FEd e NI TR A HE
MR G eRE 5 TR N SCH = SR
FEW L, I RAW BRI A . ARFIE
RSO0 0 B 98 A 4 LRI T R A A DA RA [) el B
B BN Bl i s LEE O SR R TR 30 R K
ARIR BT Y 20208 4 ) i LA 2 4 B 35 s ) i ik
oy S ML A5 25 0]k R A A 4 i BE Al B e 5 O
Beo NHESNAS 09 U000 2 38 2 Hb 3815 2B 22 B Y
N Hr AR5 N B R 40 B TR 22—, 7 3
HAE B B AT T B LR B e A, 2
G BB 2 B 5 M o 52 SO 5T 5 0 Y R 3T
T3 1)
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Dynamics Observation
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Fig.1 Crowd Dynamics Observation to Support Global

Observation System Framework
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Fig.2 Core Thoeries and Boundaries of Crowd Dynamics

Observation

D) AEAT HEPE 7 I, 75 28 2 23 (8] AR 0% 3 RS
P 5 DR e R T LR A A R R Bk
B RAL VRGN A S R R L DL R A
PR B 55 22 2SRRI A0 S 1 B i i N R
R g 8t BEAS AT LU o S e 2 36 T2 SR v Y
SR B S B RS TR R AR Y 2 1A 3 B
MR, LA S el g B a2 55 S
SR o HORT EPE B UL 5 oK T2 2 AR N Y
1 8l 25 (GRS B 72 07, 4 ) e TR e 2 8 22 3 1)
T3 5 4y B s ] A Y e R R A RO L X R AT
REBOR P BN B AR 2 H S 5 R
PRI e WAF R RS AN
] 22 1] f) 22 BB Al 0 WA~ N A % 8 XU 5+ 52
23 5] WA e A IR S VA 2 4R LS AR R



BOXX B XX

SRR N T 2 A N R A TN B A B WL B S kA 3

18t T B0 A5 B 50 B ) B4 52 0 B AR ) B 0
flt R ANAT N 15 2l , T BEUERA T N R S B0
F4 A [ B AR B0 A BRER 0 5 o b, iy R R
I BELAE M SE 07 ) A, Xk A7 Ak S B EE R
o B R PE, 225 18] R Sl RS TR
55 PR R N7 g AR R AT BE N B0 A R E Bl
52 55 BOA BB PB4 A R 5 5
ESIbEEE e S

2)AE R 2 Ty i, — T 1 g 2L R KA
Rk 51l S 5 R I 4, B T AT A ki A R
Be 55 IR 5 BE 1 e A R B9, B 5] S PO B S R
BRI MERE o T AR A R R ik Y T L
7 BB PR A 38 T A 522 4 )W 2 T A2 5 R Y
NB, I 45 A BEY Bl A SRR RC B R T, &
5 73t DX B 20 51 S B T 5 TR I A
PR g DX I8, o AR AR 5 B X8 P 4 B 2 P A
SE L R B AR 25 Bl 7 5 R 7 A% 4 2 1 B
oW B ey T el ] I S S ) S Sl T U e
AL R 3L £ 2 ) A R, DR R el 2 2 s R g IX ek
1 52 A8 U 5 %8 A O R B8 SCRF R I E LK
B, AT LUR B B ALER N B 28 ) RE IR A
TR £ il 5297 L 1R W 127 % A b i —
YR G o 53— T e S A e 4
IVE=S P N S T AN oy - A A
P A yogE W E T 2 TR E ¥R
PSR, 5 Rk N B 2 0 T ok A5 B BUR A
A B AR BRI 38 U R MR I A o AR
5 B IR AL, R ST B By 155 B 20 2 v Ak 1R
BE, BRELEE TR 5 2 e g A8 W, 45 5 B
F A BRAR DL T B4 BI7 3 8 A 5 AR DX 1A 5 2 4
P R A P 22 1) 47 g A DU TN, R AT 200 S 430 o
A B 2 405 T AR A5 22 4 N 2 7 4 USR8 40 4
FL B XA [ BOR A 1 SR OB UL 07 B4 07 5K, g
0% 3R ] — L g T B 1500 275 10 AR B P
it B A 22 By BORE P, 8 ad B0 A0 7 5, B Do
A i BE B S 3 R S P[] X 1 B3 S0 T
F, HA B i 2 sl e s B, 1B A S
22 WA PPk 1 O SEHE A OR T —
TAETT R AR T .

3)AE 8 5 V75 T, T 2R A DL AR B A
I 23 i SR B A e 55, 2 B 5% 5515 B A R %5 s 2
P o H R 5 B2 15 B Sl A i 2s mTRL AR, W LA
BEBURF 2 AR S T e R A e A g T
A7 R XU £ 30, DA 2 A% 5 L 9 A 1) 2 i DXL
it T B s BEUR AN 4R T T E L N BT IR TR 12

FRAGEI N BT 25 5 1 I [ 2 B 1Y
RO B, E B 2E O F W RS A
R )R A R T R S e BRIk 48 TR
507 # R B B e 55 oK 7 T BE ) B A M2
LR, A3 Bt BE T N 2 B U 0 i A I I B e
T3, 30 2 KB B A A RT 0 kb HE e
B Z s A S B S E RN B B
BT 9E IR 5 N A IR i U R 0 BE LR AT AR
B8 2 TARE B 5 A e A 2 B R AR TR 5T
PRI, 35 35030 () A2 5% ) () B AR IR 8 22, 7 28 SR
WA T AR ) 5 5K, 4 0 R B g A R I R AR 1Y
AR 5 8 T A S B 1) A2 5 R Y — S AR
SENE VR BB, AT B AR B AT Y I 24 A R
T SRR MERL . il 5 A AT A T
IR 55 B A4 2 FAE 2k 2 97 iR 55 1R R AR 3%, o G 2
HEAR 1Y HEAC T 5K o
2.2 ANBEFNSHM AR

R AR A 23 TR B R85 H R &,
PN RS I VR NG BRI S do- 7t o1
B, Hean s P s AR ORI T LB 245
L ERZIE i MR DA SN N S EE= DU E 25
TORFEA T 55 0 IS0 S g s s AR
Hi Ak e R R BHE A R A 7 B AR L O
Br MR A 2R RS IR 55 e 01 5 i SR R
SR BN SR AS3E R G L DL KRR T 22 [n) A
1555, B AR T 25 () R0 B (i) 400 e B B 5 1 A 44 08 )
B 5 4Kk E [N AL A 0 B L S RS LA
HERS 2l AT O | [ 58 28 0% OC R S 0 90 e i o 1)
I 20 B0 S 5 1 A R R0 T L A ) 1
s 5 23 (8] AH ¢ & A AR B, S T B A8 AR Ak
W95 N S Rt S TR AR SR T S
PR G | I TR 25 R A 0 N R B 0 A o R
2 A B S X T Bl 25 WL R BT AR 5 1
AT HCBUIR AR 44T T AT A

1) NBESh A 086 B . F LA 2g
RE R E 2k GPS #0478t At Ag tit
PR B 0 5 S5k AR Bl A R AR T
R ) 8ol Bl T LRI JL T Re 8 4 56 4 K
ZRN O R B R 3 A B R L B R AR
ARG S AT AR R A B AR AR W]
AN 3838 ) RE R HCHE T (5 R R R 0 AT R
SRS A AT B BT LA M A AT AT
Y — B AT Y AT AR P R A AR 2R AT A
8RR % SRR HORE B B 43 3 Ak > A2 38 11
AT A, Jo ik R HoAh sZ il R 1y AR B A



4 ER N

B Rl E R XXXX 4E XX H

FHIE ; 45 20 GPS HUdl th TR HEHS 2 RT3 AR 0 45
LA o T N RE S A R B — E /Y 2S a) B A A
P AR B AEAE T GPS 155 $5 F1 £ B A2 24
WL U R TSR R R R A R, 2 IO S
HOLG, F HE B 2 B9 W i Y — 2 TR, T AL
R AR BB a0 LA |, R 3h A AR A7
T — 7 i B 5 Hh 52 B0 A i, By 42 A5 B A7 A Hls S AR
TBCHEE AT 0 R a2 aE AT 3l 2 5 0L A
B Im) R, (H R R E AR AT 2 BR T R X AR ALY
TR, SRR AR 3R R X Y 4 38 OB AT B
A Ak A AR R — R SRR AR A T 8
Z JF BA BB R w P, AT LA e & 23 A AR Y
A7 ) 25 R OCTE B 245, (HR X HE 20 25 1 W8 I 475
FETEAT i 1 100 2850 5 0L 430 280 40 7 Jmg 78 DX SR 375 5
AL WA B — s A B, w R AT SR
JCEE BUH Tk L B AR R O7 R SE AT AN B
BT, He A SR R R 8 A T DX 3 A s )
(9 53 B, xF 4 Jmy 25 [A) AT A7 78 2% 0 RE ) A 2 1Y
[F1] 5,

2) NHERUBR RAEDHE o NHE DA 1 SR B
2 N 2l 25 00 f O B n) R, 4% Gt ) BCHE il RE Ty
WUV R DL HEAT N BE AR R B ELR AL 4 AR
A (ff 5 BE ML Al AE Simple random sampling , &
% il 7 Systematic sampling | 43 JZ il £ stratified
sampling . 3 BEAFE cluster sampling) \ AE A8 R 4
(77 f# il B convenience sampling | & % 4l £ quota
sampling . # 7 il #£ judgement sampling , & & Bk
i snowball sampling) 45 , DA S 28 & 45 48 R A |
PSE K353 B 0 Sl AR A D B0 R FE 4R (Syn-
thetic minority oversampling technique) %5 J7 i 5
A, it ¥ 12 (hold-out) 38 X 56 3 32 (cross
validation) , H Bii% (bootstrap ) % i FE 54 . BT
N HE Bl 25 L0 ) B8040 R A BR ), — FBOXE A
B RFEA BT LR e R R R 45
BEATY RS BAL R SRAEY R ER T IR
AR EE SR 5O RE e AT R S
Map PR (s T H AR SR TAEM B ik
ON Al A ) b M R SR A A ) A A S B AY
RS

IANBDEMERER ., CANARFIS
AR OC Y JE 5 0F 90 2 B R AR A I &S W b e it
FevE O & N 3 3 33 5 R 3 45 L 4
o8 3 TR i v i OG T B BE LR e A B RSN
TRV T NUNE SN R NG SN | N 3
E NN IF=E LN P @ NS 2 Y]

R I8 M KR A3 I S L SR ON I L e
A B B R A I 25 1 R ARAE 7 AR AR AR T
/\Eﬂﬁﬁ]ﬁlﬂﬁ%i‘%j‘ﬁﬁﬁ’)ﬁf S PRPEE R 5
RELRY ) 455 I 25 0o PR AR P IR 2 R R

25 T A XU s R 4 S A gl AT
S5 000 R T Bl 2 R I A R Y 2 m)
eI .
A) NHEBAS BTG . 2 I 5 B4
S (1) 3 BRAF B RE27 A B2, BIF 5 kT AT 05 3
(ERSN:NE/ QN e AN TR WS I B oS i
RO (2) 3T St B2 A B B ST AT N T
S ATAT S ) A5 R 5 Ak 2 e R A 2 ] B G
F o, VLR o 2 8] A R S 2 BE A R Y IR = L
4005 (3) A58 T2 2 A B, F 98 KB S 4+
T T Sl A T A 0 AR (A2 R A ——
BUR 73 By —— 7 5K F SR ]
B (4) NGETH L7 i L BF RN SR8 3
10 B8 sl S5 G T L ™ A ML 5 N A B
Sy 2RI (5) O SC b FR 2 (N 10Tl 38 e e
Mo AT O L PEAE) R L WS N H RS AN H AT
Fo VHRAT: 108 30 e U I 2 ) A7 Ry A A5G 2R B L

250 S R AR NS AR AL LIRS R AR S
LA N AU, AN B A B B 9T F2 S KR A B
NIRRT TR WA T IN A CDNG i DR
TR A Y T B A 5 R A T T

3 AHIEERENIATAENE
B A

FEA I T A 522 40 0 2 AR Sl 2 19 WL
i HLEE HIEM R H R B R UL G S5 7
T, TR AT AOWL I T A
31 MWK AR EERX S

N 2l 285 60 00 I — fge £ B T R R8s B AR ik
1, B — 5 (038 P, A 7T e 95 RS 1 5 R
AR 4 O I S 4 [ R G PR 9 R X P G
F ARG A R A S AR . BAR
Aﬂk;sﬁ%ﬁ’ﬂﬂﬁk%?mm%%{ﬁ"/\MKE’J [k 5y

A, I BEAT B AT, B BB R AR Y e s B 2
%,u;ﬁﬂZIKXJu{)ﬂ' ARk A PRAE B IR TE IR 22 K
JCE AT o DRIk, AR 30 25 A UL o 28 5
SR I e S - R N = 153 1 g N
Bk AT I AR SR, X ARSI SR R AR
A A U NG BN BEW L, U 58 BE 1 40
ik Ol WA S S A O R XA
SEREAR S HABREA  7E AL A SR 2N AT &




BOXX B XX

SRR N T 2 A N R A TN B A B WL B S kA 5

TE B — SE 5 5 B BEAAR , Hean < BRI 2 B LN S ds
FEREAR N S0P B F A A5 6] LU0 I v 7 3 Bk
DX G5 4 E R A 5 Ol R A G R R R B
224 5 79 00 AL S BOR A P 1 XA 5
Ti¥E, S HEAL T SR R AR A AR R
32 MEzEEAROHIEESUN

NI A 5 2 4 AR DL A G R R 3
filh, B A B G 00 B A R R R SR W X A
P T 51 < 5 — R AT 5 R 2 W]
DX 43, A6 AN [6] (4 B BEAE A6 AS [R) 9 WL 00 20, Lh
) 3 DR g R AR A B TR Sk i [l S e
A7, DA S e 0 A DL X B 42 oA v i B 3
B NIAT: 55, 75 L EE X s 22 By B AT 45 19 1 e 9
oV E AR I T . B AN R AT AE 5%
AN 2T T R AR A W B, L WE R
B AN R T HUAF A B 508 DX B R0 R 14
O, 8 FH IO 28 o L o R N i B 0 45 4
FEREUR R AEZ ST B X 0 B AR AT fig
e BB SR IR 2 B UL D A3 BT AR 55 5 AN R A
N7 2 rb n] B8 T 2L O T LB B NI IR B S A A
PR Lb G 45 7 1k Al AR R B R WS B B A, S
N7 22 P PR T X
3.3 BUBERR TR B 4 R

FEA S T A 542 4 N 2 E 00T 3 AR XE H
5 755 o0 A5 B UL I AR Al 1R A 2 9 AR A
i AN A ECH BRI, el SR B S AR B A
AN B0 I R Ry R — A MR PR G, 7E B
i B IE O T 5 0 A% g UL A SR 4 )
Ut 5 552 P 1 0 0 5 s 5 Bk 2 A R S L A (1)
5 725 0] ) 25 1 I 28 DG 3K AR AR Dy s 4y 3 25 )35 By
55 0 2% 23 [R]3 2y 9 R0, T B s ) 1 I s O Ik
WL J7 3%, MR T B AN TAE 542 20 2
MYAT hy 578 FAHE B H o3 BT 7 v o (2) ANFEAR N T
R RE 5 R 53 A 25 B 0 DA B 1T A O 00 4
i 3 1 2 PR Y /N RE AR SR RE R AR R P 22 R A BT
R i (1S B NE 5 &/ T s o Bl Rl S S =
L, S DA S8Ry 8 /N A A ) T i R S AR ) O B
HERE LI . (3) k2 y it HHORBE S HAN T A
HES S 42 I TAEE R E A2 iy
2H 2R 1Y I s B T UL D R S A R R B O (T
BL AT k28 0 28 05 5 10 45 ) L I 45 SR 4t ST
A P T ARG LI Ty 58 ik AR E B R
e AN 2R B
34 HEBREETHABISHZEHN

T X 3 T A RN g 4 Y Ok U B AN

XA BT B LR — D E AR A
AR R 4 N B TN, B SR AT A T 2 BN
TR HEUn s B P i A A2 A N B A A AL
R e 90 B 2% A PR A2 A S5 (LK AR 25 30 7 3 7 O
IEERES LR BAREEMNR SR EN . &
SEETR B PN AR BB LA B (DB R A%
EREE Rl RS s N A IS S O e
[F] 5 B3 A5 458 1) A B2 455 ) 5 DR B 2% 1 1) A JEE [
Z MR A ARG Bl BT 3 2 59
BERL, 0 BRAS PR T 09 2 38 TLAE 5 2 4 o e i
B2 P AR I 5 (2) 4% v 8 B4 it 14 ) = TUA) < ey
T L TR S A RN L A 2T B R R
BUAE 5 2 NS JRAA JEE B2 TUH ] R A4 1 i A 2
0 U 5o 1o Ll NN E = A S i /AP T B S
M 2z 4 i W DX T R A R A TN R E
i F89 N 2l 25 00 5 e 3 R AR i R A
R TS B 5 (3) 245 DR A B i L4l - 22 36 T
C I e A LIS A R ) O i
NI N7/ IN D= R AL Ry R
oo FERLE B AR S SR R P, BB S T
A AR AR S A R I 2 X BRI R
(9 52 W A5, R S A 5 O X A T ) o 2
BERL, LN B b B R S R AR R T U &
2, s g K v B ER BT AR AR K A A T X
Hid A,

4 AEIESRENIATARIE
B X0 0 5k

4.1 MMEE N BEFFME

NI RN AR AR s
9 B B0 25 A L 54l L R g Az T (1D WA
LTI B X PR B I R G A S s LA T LA
LU TR € IAER A € N e S T 7 I el L B2 3
it SEARASIE L T TR X B B 28 B I R 42, oW
DB 73 AN JE DGR B 28 oL 3 T A AR Y B 2 26
(K E SR 5 (2) W0 2 A 15 it %) 453 IR« 4 ok K B
RIS I 18 DL G T R A 38 5 1 it AN A
WA RGP IR, JC 5 A0 R0 AR BB s 5 (3) a4
PR 5 A AL S By R — 20 9E KAzl 55 5 B
A DR B 5O 25 00 B A0 T T 32 210 A B AL R Y
R A, e DL 2N I (1 ] 45 45, ax 2 BR 5 B HE 3
A0 LI BE ) A AR R R Jm R, B X 3 T A
B A WS R AE R B R UL B R Bk . Ry
X 3X — Bk %, A 0 B HE TR ) 38 T 2% R
AL 2% (40 5G . 6G I8 T =5 v A R 4 45 ) 1Y

i
=



6 ER N

fi B F 2 R XXXX 4E XX H

(SR N S BRI NS o
4.2 Xt N5 it i B Al & L Bk Ak

TEAIETASZ RN AT AW
Xt H LI AT I A S R A UL, R N S
H R AT A B PR R . AR (DA
FYI R 2 23 (A WL - 2% 3 T A 155 42 i AT
TE Y B 25 () | ) 246 2 )RR A2 s [ 0 B s ] 2 22
23 () AR AR T, N SR 28\ 22 4 =5 ] AT
X N5 0] b B R S ORI Rl o A, e A 3
TR I R TR B S, 5 2 My B =5 )
LI SF2s 5 77 A TR T o A I UL ) i B 5 A Ak
X R G PRAT B9 e, L 00 Rl 5 A O A7 A 52
550 B A ) A 5 BRI 5 H RO MR B3 B e A
VRN 3/NEREE S INTIRURIE N CIPNE 271N} -2
M L0 < 2 e T A 5 <22 4 7 O T sk A 9 K B A
AR 5 0 b B 2 () 52 o A A N SR G R
M P i UL e 2 3 LA SRR B RE AR O A
AT e TR 77 A 5 b 2R N 2 FAE R R IR A AT
A2 G F IR A SR 5 (3) X T B R WL 2 At
A 22 A O 2 B R R S ) T I R
B AN TT RSN 5008 i 3K 5 08I0 4 8 6 T FOCR
U] B3 T P/ S R s T L i o U DR 1
T @7 KN o o VA= S o e 1 N DI S R
43 WARNHARCENHEFEE

B 25 B9 LI, A AT s b 9 K BB 5T 4 B
()RR . — R UL, i B RESY LT SR 0 - JE g
TA 73] > N0 S AR AR B 0T 5, 0 o 20 30 < A [ 0 1
VAR, N RE R H vk Rk L% Y W 5 T 1) S AR ) F
FE , B AR R O AT B TR AR A DTS b, A
Fh2 o M g 2 B B0 5 AR SR A 2 0 a1
HARZ G A i P AF . TR A L AR SRR Bk
5 9 DR 5 5K R | DX A A TR A B BB i o)
N G ERE o8 8 /-8 o T NI T B T e
SIS AE BURAE BEAL A, a0 K 2 Ko 4 2 i 1A
KU, TS A s T I RS At 2 T R A A I I
JEMRMAL AR 45 2 b B R R B R AL
DA S e B B — 5 T B SR G L DR X )
TR 3 02 fh 5 S P A A O, 5 B A MR
VA 4R 5 DX Ay B B T 2 1 A% 8 B — S A
JEE 4 7 A it L X U0 W A 4 AR LB YA A% AN Y
I A T R A A I R e A R
TS B R R T TRT I 4 O I T i SR A
I, o 2 R 8 5 BRI PR TT SRR
H SO B B B R I OGN I AR SRR

NS IR AR R B, R A BN TE R A7 £
KA A B fie RAR R 5 e /N Y SC B T AE o A
X 28 3 TAE S0 B 0 X B T AR B A I ()
SRR /AE S BT N /AB :07 AN ER IR 7/ DD IS DY Y
5 RO B SR AR R AL 2 08 g 1R S AR 2 5 A i
RSN NSRS LN VAR RS DR
YeB P RN BY s A PR SE DT T [R)
= 5 R 17 R 11 2 A B 7 A 55 2 T A B R A 52
It SR, Al 0 S R T B9 AR B R IBE A5 IR 1
T B, R 4 FR S AL i PR R U
AG BB AE PR BAL , LGS W AL AR
TN A FFAR R A X AR S
A5 LI = A B bR T 7 2 L BIL A A DR e J
Y 35 R b A N B AL 2 TF F0AS A8 ol &
B LR b, Bl 4 [ A% 3t BLAT i A RBOHE XA
WL 55 73 Br BE J1 BT SERLAL

5 &HiE

N i 3= R OBV R PEE IO NING X TN &N
4 B A A% s B Bl R R 2 — R I 23 R AR
W 7 A A B LI AE: 55 o AR SCER I ANRESI A
WAL S NS AR R AR TR 2 S
TR 5 W G BB A Z U = B E L. B
T8 X AU 3B AN S ST Y B AR R o R
REGE, 5 B 27 BHE 23 [0 R BRIz A2 O 2
TR Bl 55 P R) Ak B A 2 ot P58 v P E
T A AR AR o o) 45 07 T T 48 4R
L5 DIV /A L LS B /e o VA S W QPN 2
T R T 22 e A A A R ML 4R A ] ) S
B 5 P T 245 ) S R e A8 5 B i B 5
Tiik BATE BRI A U .

N Bl 25 9 LI EL A 92 B L RIS R
Je AR WA 28 6 T AR B 22 4 N U Y R S R
f LA Al o B A SR AR e 5O e 5 1
F14 Ak B0 X o 3 ok N R B A A WL R L S
GIS 73 H7 , (1) 15 % IR PR 558 45U dak , mT LAJRR 5 2 A
ARG Bh AN () 3 8158 5 B 5 9 B2 w4 A i
P NI 2l 68 A [ M BT R A 358 A 5 e B 3
Filh (8 R 27 e SR B 55 R0 5 (2) 7 3 Tl A R
AL RLT i 5 o A WO R I 2h =S e 5 3 A AL
R, JF HEAT EA A RE R B9 T 3 23 18 A SR 1
5 TR (3) 2 2z 4 40U, w] DL 5T A RE T 3
I 23 2o A R FC T AR R L A B R A% G 114 I 23
T R LI 5 5 A Sl 2 H RS i 1 28 Sk e e By 4
Tt 5 (4) 8 203 e 55 s, ml L A 3k s A



BOXX B XX

7 REAE A ST 52 A N A AR T Sl 2 LI B 5 Pk AR 7

U AR SO R R Bl A R A DL G
148 IR 55 BAE 5 BRI 5 (5) 3T A4 B4R
A LA B AN TR R AR BB R R 22 TR A
SRR RS WA AN D A ] R AE Y R IR
RTINS Y AN S R OIE TRl TR S )

e

PRI, T Sl 285 A UL I R ) 2 Bk 5 RO

o BRAE EBR o A B 5 b o 58 SURE 5T 5 N A i
W .

(1]

[2]

[5]

[6]

[7]

2 % X #

Wu F, Zhao S, Yu B, et al. A New Coronavirus
Associated with Human Respiratory Disease in Chi-
na [J]. Nature, 2020, 579(7798) : 265-269

Layne S P, Hyman J] M, Morens D M, et al. New
Coronavirus Outbreak: Faming Questions for Pan-
demic Prevention [J]. Science, 2020, 12 (534) :
eabb1469

Yang Z, Zeng 7Z, Wang K, et al. Modified SEIR
and AT Prediction of the Epidemics Trend of COV -
ID-19 in China under Public Health Interventions
[J]. Journal of Thoracic Disease, 2020, 12 (3) :
165-174

Cooke K L, Van Den Driessche P. Analysis of an
SEIRS Epidemic Model with Two Delays [J]. Jour-
nal of Mathematical Biology, 1996, 35 (2) :
240-260

Jumpen W, Wiwatanapataphee B, Wu Y H, et al.
A SEIQR Model for Pandemic Influenza and Its Pa-
rameter Identification [J]. International Journal of
Pure and Applied Mathematics, 2009, 52 (2) :
247-265

Wang H, Wang Z, Dong Y, et al. Phase-adjusted
Estimation of the Number of Coronavirus Disease
2019 Cases in Wuhan, China [J].
2020, 6(1): 1-8

Maier, B. Brockmann, D. Effective Containment

Cell Discovery,

Explains  Sub—exponentialGrowth in
Cases of Recent COVID—19 Outbreak in Mainland
China [J]. arXiv, 2002:07572v1

Shaw, S-L, Fang Z, Chen B, et al. Spatial and

Confirmed

temporal GIS analysis of urban human activities
[M]. science press, 2018 (ff tH: , Jr d #¢ , P2
TLOOVE, BRI, B E T ol CHENS S A GIS
ST IML bt Bha i REE, 2018)

LiuY, Xiao Y,Gao S, et al. A Review of Human
Mobility Research Based on Location Aware Devices
[J]. Geography and Geo— Information Science,
2011, 27(4) : 8-13 (XK, ¥ 5L, @ #, BEWI 5%, 5%
H BT R B A i N BB S BT TR SRR [T ], M

[10]

(12]

[13]

[16]

[17]

[18]

5 PR BB, 2011, 27(4):8-13)
Song H, Liu X, Lv G, et al. Real-time Monitoring
for the Regional Crowds Status [J]. Jowrnal of
Geo— Information Science, 2012 (6): 686-692,697
CRZER, X225 B A, B4E . KA TRR
B SRR M [T )L b Bk A B BR A 4R, 2012
(6): 686-692,697)
Freedman D, et al. Statistics [M]//Wei Zongshu.
Shi Xiquan, et al. trans. Beijing: China Statistics
Press, 1997 (Freedman D %, 3 . 815546, iti ) 46 5%
F. gt ML dest R E G A, 1997
Ma X. Study on Data Sampling Expansion Method
of Resident Trip Survey[J]. Journal Of Transporta-
tion Engineering And Information, 2010, 8(1) : 14-
200 Eh /NG, J RS AT ) A R AR D R E S LT
B¢ iz i T AR 5 AR B 4. 2010, 8(1):14-20)
Feng M, Fang Z, Lu X, et al. Traffic Analysis
Zone-Based Epidemic Estimation Approach of COV -
ID- 19 Based on Mobile Phone Data: An Example of
Wuhan [J]. Geomatics and Information Science of
Wuhan University, 2020, 45(5) :651-657 ({5 B 5 ,
AHE, BT, AF . 2SI A AT IXORUEE BT B e
AR 2 B 23 7 BICHE AL D vk - DL Sl [T ]. i
K24 £ BB R, 2020,45(5) :651-657)
YiJ, Wang L, Qian J, et al. Spatio-temporal re-
sponses of urban road traffic and human activities in
an extreme rainfall event using big data [J]. Acta
GeographicaSinica, 2020, 75(3) :497-508( % 51 ,
FAl L TSR A BT OB Y s 2 T R R
T A T K N HEE S S 0 [T]L B e
2020, 75(3):497-508)
Fang Z, Yang X, Xu Y, Shaw S-L, Yin L. Spatio-
temporal model for assessing the stability of urban
human convergence and divergence pattern[J]. Inter-
national Journal of Geographical Information Sci-
ence, 2017, 31(11):2119-2141
LiQ, LiQ, Fang Z. An emergency evacuation rout-
ing optimization method based on space-time conges-
tion concept [J]. Acta Geodaetica et Cartographica
Sinica,2011,40(4) :517-523 (ZE 35 1 , =B, 7 7k
FE Tl oBE T I A Y R B 1 S T AR A T 1
[1]. W24, 2011, 40(4):517-523)
Fang, Z, Li, Q,L1,Q,et al. A Proposed Pedestrian
Waiting-Time Model for Improving Space-Time
Use Efficiency in Stadium Evacuation Scenarios[J].
Building and Environment, 2011, 46 (9) : 1774-
1784
Fang Z, Yu H, Ke R, Shaw S-L, Peng G. Auto-
matic Identification System-based Approach to As-
sess Near Miss Collision Risk of Ship in Ports[J].



8 VRO NI s (O I SRR R XXXX 4 XX H
IEEE  Transactions on Intelligent Transportation 79-88.
Systems. 2019, 20(2), 534-543 [28] Yang X, Fang Z, Yin L. et al. Revealing the rela-

[19] Zhou Y, Fang Z, Thill J-C, et al. Functionally criti- tionship of human convergence - divergence dynam-
cal locations in an urban transportationnetwork: Iden- ics and land use: A case study on Shenzhen City,
tificationand space-time analysis using taxi trajecto- ChinalJ]. Cities, 2019, 95, 102384
ries [J]. Computers, Environment and Urban Sys- [29] Fang Z, Shaw S-L., Tu W, et al. Spatiotemporal
tems,2015,52, 34 - 47 analysis of critical transportation links based on time

[20] Shaw S-L.. What about“time”in transportation geog- geographic concepts: a case study of critical bridges
raphy?  [J]. Jowrnal of Transport Geography, in Wuhan, ChinalJ]. Jownal of Transport Geogra-
2006,14(3) : 237-240 phy. 2012, 23:44-59

[21] Zhao ZL, Shaw S-L, Xu Y, et al. Understanding [30] Fang Z, Tu W, Li Q, Li Q. A multi-objective ap-
the bias of call detail records in human mobility re- proach to scheduling joint participation with variable
search[J]. International Journal of Geographical In- space and time preferences and opportunities [J].
Jformation Science, 2016,30(9) :1738-1762. Journal of Transport Geography, 2011, 19 (4) :

[22] Schneider CM, Belik V, CouronnéT, Smoreda Z, 623-634
et al. Unravelling daily human mobility motifs [J]. [31] Yin L, Shaw S-L. Exploring space-time paths in
Journal of The Royal Society Interface, 2013, 10 physical and social closeness spaces: a space-time
(84):20130246 GIS approach [J] , International Jowrnal of Geo-

[23] Yang X, Fang Z. Recent progress in studying hu- graphical Information Science, 2015, 29 (5)
man mobility and urban spatial structure based on 742-761
mobile location big data[J]. Progress in Geography, [32] Cai Y, Shen J. Activity-based approach to human
2018, 37 (7): 880- 889 (I B, Ji&tt. BahE spatial behavior research [J]. Scientia Geographica
(VPN &RV NN PN 2o L W i L g Sinica,2008,28(5) : 594-600( 4 2 B , P i . H T 1%
WF 5% BE R [T]. b 3R} 4= 3 R, 2018, 37 (7). B4 T I N A AT M BE ST (7] BB
880- 889.) 2008,28(5):594-600)

[24] Yang X, Fang Z, Zhao Z, et al. Analyzing space- [33] Pei T, Sobolevsky S, Ratti C, et al. A new insight
time variation of urban human stay using kernel den- into land use classification based on aggregated mo-
sity estimation by considering spatial distribution of bile phone data [J]. International Journal of Geo-
mobile phone towers. Geomatics and Information graphical Information Science, 2014, 28(9) : 1988-
Science of Wuhan University, 42 (1) :49-55 (45 & 2007
W, P, AR, S U F LS A [34] Long Y, Sun L, Tao S. A Review of Urban Stud-
BEAG TR A RE 2 (2 B A [ 7], BRBR AR ies Based on Transit Smart Card Data[J]. Urban
S E RN, 2017, 42(1):49-55) Planning Forum, 2015(3) : 71-77(Jg i , Ph 2, B

[25] Liu Y, Kang C, Wang F. Towards Big Data-Driv- % . BTN SRS B RE R AGE AR T F s SRk [T ]
en Human Mobility Patterns and Models [J], Geo- W R 24 ), 2015(3) :71-77)
matics and Information Science of Wuhan Universi- [35] Wang B, Zhen F, Zhang H. The Dynamic Changes
ty, 2014, 39(6) :660-666 (X Fi , HE# 5, TiE#ME . K of Urban Space-time Activity and Activity Zoning
B ok S i N R R A SRR R AT [T ], aUBUR Based on Check-in Data in Sina Web [J]. Scientia
2t E it -5 BB, 2014, 39(6) : 660-666) GeographicaSinica, 2016,35(2) :151-160( T 3% , ¥

[26] XuJ, Fang Z, Shaw S-L, et al. The Spatio-tempo- 1| T S R 1| S By FR ) e |21 ) e
ral Heterogeneity Analysis of Massive Urban Mobile b K X% W g (7). s BB %, 2016, 35 (2) -
Phone Users’ Stay Behavior: A Case Study of Shen- 151-160)
zhen City[J]. Journal of Geo—Information Science, [36] Liu X, Long Y. Automated identification and char-
2015,17(2) : 197-205 (#5422, J7 & FE, {8, acterization of parcels with OpenStreetMap and
A5 BRI AL P 2 4 B LIRS points of interest[J]. Environment and Planning B:
oI, HERfF B R 2F 2 ], 2015, 17 (2) - Planning and Design, 2016, 43(2) :341-360
197-205) [37] Schwanen T. Information Technology and Mobility

[27] Kang C, Qin K. Understanding operation behaviors [M]. Hoboken: JohnWiley&.Sons. 2017

of taxicabs in cities by matrix factorization[J]. Com-

puters, Environment and Urban Systems, 2016, 60:

Liu Y, Liu X, Gao S, et al. Social Sensing: A

New Approach to Understanding Our Socioeconom-



BOXX B XX

7 REAE A ST 52 A N A AR T Sl 2 LI B 5 Pk AR 9

[39]

[40]

[46]

[47]

[48]

ic Environments [J]. Annals of the Association of

American Geographers, 2015, 105:512-530

Shaw S-L and Sui D. Human dynamics research in
smart and connected communities[ M ]. Cham, Swit-
zerland: Springer International Publishing AG. 2018.
Chen J, Shaw S-I., Yu H, et al. Exploratory data
analysis of activity diary data: a space-time GIS ap-
proach[J]. Journal of Transport Geography. 2011,
19(3) :394-404.

Wang W, Yang Z, Li F, et al. Weighting calcula-
tion and judging method of regional traffic state
based on information coordination [J]. JOURNAL
OF JILIN UNIVERSITY (ENGINEERING AND
TECHNOLOGY EDITION) , 2007, 37 (3) : 524-
527. (LM, BTt Tk, 45, T B0 ) Y
T DA E RS AT R Oy ik [T]. AR
AR (TR , 2007, 37(3) :524-527)

Shao C. Urban transportation planning[ M ]. Beijing
Jiaotong University Press. 2014 (#B#F 45 . 3% 17 3¢ 18
FARITM . Jb st U st 3838 R AL, 2014)

Miller H, Shaw S L. Geographic information sys-
tems for transportation in the 21st century[J]. Geog-
raphy Compass,2015, 9(4) :180-189.

Tu W, CaoJ, Yue Y,et al. Coupling mobile phone
and social media data: a new approach to understand-
ing urban functions and diurnal patterns[J]. Interna-
tional Journal of Geographical Information Science,
2017 (4):1-28.

Zhang J, Yang H. Modeling route choice in ertiain
network equilibrium with heterogeneous prevailing
choice sets [J]. Transportation Research Part C:
Emerging Technologies, 2015, 57: 42-54.
Brockmann D, Hufnagel L., Geisel T. The scaling
laws of human travel [J]. Nature, 2006, 439
(7075) :462.

Gonzalez M, Hidalgo C, Barabasi A. Understand-
ing individual human mobility patterns [J]. Nature,
2008, 453(7196):779-782.

Song C, Qu Z, Blumm N, et al. Limits of predict-
ability in human mobility. Science, 2010, 327(5968) :
1018-1021.

Wang B, Zhou T, Zhou C.

search for Human Behaviors, Complex Networks ,

Statistical Physics Re-

and Information Mining[J]. Journal of University of

Shanghai for Science and Technology, 2012,34(2) :
103-117CEFRZ A% | B, AFAT o KM
2% XA BAZ I g iH A sE [T, LG 3 TR 2
2£4,2012,34(2) :103-117)

[50]

[52]

[53]

[55]

[57]

Zhou T, Han X, Yan X, et al. Statistical Mechan-
ics on Temporal and Spatial Activities of Human
[J]. Journal of University of Electronic Science and
Technology of China, 2013, 42 (4) : 481-540. ( J#
Ve BEAEE RN DT AR L NZERAT I A R I T
Jye ] W B R oE e, 2013, 42(4) -
481-540)

Zhao K, Musolesi M, Hui P, et al. Explaining the
power G law distribution of human mobility through
transportation modality decomposition [J]. Scientific
Reports, 2015,5: 9136.

LiulJ, Yue T, Wang Y, et al. Digital Simulation of
Population Density in China [J]. ACTA GEO-
GRAPHICA SINICA, 2003, 58(1) :17-24 (x| 4
MELERAE, TR, R E N S A
[J]. M4, 2003,58(1) :17-24)

Ge M, Feng Z. GIS-based Analysis of Population
Distribution in 2000 in China [J].
search. 2008, 32(1):51-57 (H €%, HHkW . % T
GIS i [ 2000 4F 12 43 A1 1 J5 F 5 < e 15 0 Ot
il 1935 4F Z BF 5 % L [T]. N #F5E,2008,32(1)
51-57)

Bai Z, Wang J, Yang Y, et al. Characterizing spa-

Population re-

tial patterns of population distribution at township
level across the 25 provinces in China[J]. Acza Geo-
graphicaSinica. 2015, 1229-1242(M1H i, T & 4%k,
AN, A BT S R E 2548 X H 436
FEAE RS i R 2 (7). Mo B2, 2015, 70(8) : 1229-
1242)

Deville P, Linard C, Martin S, et al. . Dynamic pop-
ulation mapping using mobile phone data [J]. Pro-
ceedings of the National Academy of Sciences,
2014, 111(45):15888-15893

BassolasA , Lenormand M, Tugores A, et al. Tour-
istic site attractiveness seen through Twitter [J]. E
PJ Data Science, 2016, 5(1):12.

Bao J, Zhang J, Xu H, et al. Tourism geography in
China: Between hometown and alien land[J]. Geo-
graphical Research, 2017, 36(5) :803-823 (- 4k N1,
TR IRLLE A P R I SR Y AL 2 5
2 Z W [T]. WEHF5E, 2017,36(5):803-823. )

Qing Q. Epidemic prevention and control mecha-
nism in megacities: experience, dilemma and recon-
struction [J]. Journal of Hubei University (Philoso-
phy and Social Science) , 2020, 47(3) : 21-32 (i
ORI B B AL 2 NS AT
146 K 2 2 4 (3 2 Ak & B2 R | 2020, 47(3) -
21-32()



10 ERIONE LS S-S L XXXX XX

Thinking and Challenges of Crowdynamics Observation from the
Perspectives of Public Health and Public Security

FANG Zhiziang'

1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan430079, China

Abstract: Public health and public security events present the importance of crow dynamics observation.
The crow dynamics observation should be a key component of human— orient observation, and the neces-
sary elements of global observation system framework consisting observations of space, sky, land, ocean
and people. This paper firstly introduces a concept of crow dynamics observation, defines its scientific con-
notations and boundaries, and highlights the role and significance of this theory. Then, from the perspec-
tive of public health and safety emergency, this paper analyzes the characteristics of accuracy, scientificity
and on—demand in crow dynamics observation requirements, and introduces the state of art of crow dynam-
ics observation includingdata perception of crow dynamics, sampling and expansion of population scale,
and quantitative modeling of crow dynamics, crow dynamics research field, etc. Next, this paper thinks
about the observation tasks of crowd dynamics from four important aspects, such as, rigorous distinction
between individuals and groups, abnormal observations centered on spatiotemporal processes, break-
throughs in observational thinking under missing data, and scientific predictions of crowd dynamics under
specific scenarios, etc. Finally, this paper summarizes three important research challengescombined with
public health and safety emergency tasks, namely, the challenge of improving observation capabilities, the
challenge of fusion observation of human and earth observation, and the research ethical challenge of human
observation. In short, the concepts, thinking dimensions and challenges proposed in this article provide ba-
sic theories and methods for major public health and safety emergencies, clarifying the laws of urban
multi— type spatial development, mastering the differentiation mechanism of spatial evolution, and control-
ling urban spatial development paths. All of them shows asignificanceof the frontier exploration.
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