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Abstract With the development of computer multimedia, visual analytic system goes beyond the
traditional screen-mouse-keyboard. Digital sandbox projection system has attracted more and more attention
in recent years. In the context of smart campus, this work proposes an interactive campus digital sandbox,
that supports multi-user cooperation and multi-item interaction by constructing a visual analytic pipeline
of sensor input, intelligent computing terminal, visual output driven by deep learning. Taking the heatmap

simulation of campus activities as an application scenario, the feasibility of the system is verified.

Keywords digital sandbox; heat simulation; target detection; visualization; human-computer interaction
Funding This work is supported by National Natural Science Foundation of China (61802265), and
Shenzhen Support Project (20200812122821001)

WisHES: 2021-07-01 {EEIHHR: 2021-10-20

EE&H: EEXARRFEESTH (61802265) ; IRYIT e LM 1 H (20200812122821001)

TEE® N B, WLotseAs, WFFCOT R T R s RS GRIRIER) , BISRBEZ, 0907 oS0 o] WAk 5wl 4t
E-mail: lumin.vis@gmail.com; SKBH, Z#%, 05 10 T A4 in) B KB 5 GIS 28 X7t .



78 £

Hi VN 2022 4F

]l

1 35

BEE R IR TR A, R I R
AR EMY . ARSI, S5
SRR, R, 5B WAL R B [
BN T ATRE. 20 AT 70 A, REMA T4
Fe$e i i E-campus RIS 51 “ Bl ”
PNES, Bl S B0 40 Bk & 7E 2 BR A5 2L 1%,
HUF T TR BEiERaEY. i
ok, WEEMNBAE. MKZE. BdEE. NHE
BURR S5 2 10 T AR S e g A R g A
FRREE, AR 20 42 el 4 B 5 5545 LS BRI
WHREE R, BB ERE, REEE BERE
P g,

Br BB RS, MBI A, 2 —Fh
BRI S5E BHHEAR . KA G RE 3
it b, A THERER. BUEA, ABIHLHH
Pt SRR SL 45 B AS BLRE T, e i s 53
BT RLE, M BE GF Mk B B 1. IRAER,
N AN 2 8 TRy BRI RN H . A2
W, R E b AR B R s AT LR R
AR, FEEETT RN MRIVHESEZ DR T — 14
AT R G, GiaHTE. AR EURE M
AL TR B R RS, AKFINKA TR
B SR g R AR
A HE AR K@ )22 B T, AT TR AE
PRI T m s R 2Irs 7R, ahx
T Leap Motion (—Ff A Jikda il #5) B it () F #4317
JTZX T Unity3D MR =4EH Vb AT
Pl SEMA TR AL RED, e
5ER I S AR R AR Tl R b A, PEOR RS B
fLal B e 7 st fEESN, Piper &MY
T R R L E R S G A, RO
AL AR AW LT IRAR, 58 K
A HASZ P S 0 O ASEAEL o B, FEX &5 RaAT T
B ER; Mitasova 25" 264 T P S AL

i FU AR b, @I o 3D A B AL [ Hh
TERM, RIRZREA R HIE 2 18] (1) ¢ 5 K Y o
AR A ARG B Petrasova 2514 4
W) B = o S5t AR AR R Hb B 2 [R) R AR AT 4 AT
BT 00 M 45 AL AT K SOREAUR B K i A2 45, [A]
FE, B A A B3 TR U R 45 6 1 R
SV, P UTIRESE Y, R BT
PS5 E1E"; Zhang" R IR T IERE R 75, A
IREARAARAE N SRR, | e EOb R A,
SRIE R AT EAN IR R A, e A
R RFAR E

Al TAEGH) “Rbr-Sa 7 (RFR “4
7O AL BT, B R R AL T RO AR
AN BEOR, s 5e, ZB0R SRl
PABR K M4 ey AMLAS B . A RE TV R B
FEL NP LR, — MR T ] B
HAANNLAE ., wiE N ANSE BB T 5 BhE
N, KR BERAEIE T E845, TN
FHIETHRAZIT LY. B—FELHE
(2 T & AL 7, a5
Kinect $¢ARRN FHEIZCFEH, Bt HAABRIER
LH 2 2 S8: Manghisi 2522 T Kinect v2 R
FEBL, SPASE AR B N BEREAT B Bl 4L, &5
B NAR 20k AR e i AR BRI R AT PR Ak . B
FEVRE S ST R, T EER B
B ARSI ARG AR . S 2 R 1
EIE LM TEHIR, 456 1 48 I 45 40 2 P A
A, AR HEAR L T ReE 2R m IR AR R
ST AL H R M EBE R HEREL K
LR EG, X ANRFFRETEM, SET
BT IR PR AT HR 22 B 77 5.

AVAEREEEREME ST, RHHF2
N AR B8 EORS [ v h FA O i 2 B A b
Bho Bk, HEM LRSS bt E L umE
T A% ) g R T R BB 3] DR B I B v R AR
Ay SRJEKH 3D FTEIRCRHIERR BiE R, 454

ZiR N



BRI S AT 79

MGEEOEEMREGR, BHERSFHETL
TRIE 57 3] 9 R A R AR A v, S AN B B
A H BTV A B DLF S B HON R B A R =
YERCT IO RN AR s Boa i ag A B S
DEIFR ARG, I U IS s A S B 5
5 WIEZ RS AT

2 REENR

A2 T A el i 2 #A A  H7vb  Ae AE R 3 5
AL, BREADIARE ] P ST B 1 g e B (TR

ﬁﬁﬂﬂﬁ%:ﬁi%iﬁﬂﬁ%&iﬁ%%k
RACT G- ZARGU AL S8R A T3,

Eﬁﬁﬁ%ﬁ%%%&ﬁﬂﬁﬁﬁﬁoﬂﬁ%%
THEZm % Kinect FHHLAL AR/ 3R 1) B — i 5
HEAT FHATE BRI, KRR H AR5 g X
UFETH SR HEAT OGRS HLFAT . I A
FBAE BRI, B EINET
FHRL %S, 58 AN R 26 AR R Tl i 3l 5 7 R AU
HE, SRl G T, E T
HEAT R JE R EE DU B3 (B 1)

A B AR el v B #8 B v R 25 7 i A
%% 7% (Client-Server) ZE44 . BIHY 1) 7 iy e FH

El1 FEEZRIARE

Fig. 1 Platform infrastructure and operation

o SERCFHIE B EUE R BN« AT TE
ge Chnth) 5652 B A AR B SS s IR 55 2 il 111 5%
BARAEAE K Ui 0] AR E S AR H
F 5 B o N S AL Ot BAT 55
RGERNEIEREWE 2 . B,
Kinect A4k #AE 7 & AT 2L G REL,
RETH AR 2 oot A N MR EEAT H ARk ill, R0 Hodp
F 3838 B 1) BARAL B I AT BN A e, SEHL A
& 7 Ui AT AL ST AR AR R A SRS, AR IR
HArdEal. #s. MESER, WEEESH
BB B B AR T H B 2%, adad IR 55 38 i Ui
A€ e W IR AC TR B WA R - P R =

Kineot HEIENMA R, BN SRERE S BT, 55 B
P = 45 2234
i =
T /18 B E BN = TEH /T3 sk i e
i A | __ RESHR
- = | ‘” KD
1 ,': -
:
AL A &{ﬁmmﬁﬂiwfﬁi TE B A
' - N
=
| A

& 2 ?%Lfﬁmﬁz@

Fig.2 Flow chart of system operation



80 £

Hi VN 2022 4F

SRR SUSR IR 44 e SIS EUE e A S ]
AL BT o A BORIERR I T4t A
BRI A, I HUE T3/ 08 AR E
B, XFHZANZERENEARANE, M E
EilNIDS (Ve

3 KREEshHRIIRUEE

AR SCARYETE B AT A REAT AL, 52 IR el i
NI B o X T A SO K AN 5l 44
W RAHE IR AR, €W

RSBl AR A2 — Ab B2 Ak i 35 ﬁi
TG I RAR RSB, AE R,
Wi REE, Eﬁﬁ%ﬁﬁiﬁ*%
LB

TE AN T: R el AR AR R A T -
FTIRE, EEHT M T IHE B TR,
NFLEMOR, ZE RIS, A E
NIEE/N, 128 RIS, AIMER(.

ARG S KL, AR RIE FEAN RS
FAE GBI, 3 A [ TE % BN R A

TRAE ]
330 A

St I A R 2 PR RITE i AU A AE R
N NGBR3 A TN i A
THE, AT 0 B8 AE e PR B 4 A A T 1
T8, BiibeREgSsE 2 ok A, RE RN %4
ORE Y — N E 5T
3.1 REUMTA

WHEEL N, A7 NERTE H b e 4
TR PR AT, PRI AERRADAT AN B A2 Y 28
R, ASCRH Dijkstra 5246 £ 12 el 18 26 4 17
K. A RO E B R B, BRI A
f OB BRI R thog, BRI, 47 AZEH B
FEFRII a2, HAME B . 1 RN &8
BRI R BATAME, (A ARG 3%
s R AR A S AR, T iE B PRI
FARIMEZ AN PRE - e iR YE Dijkstra 5% TH5
AR B SR TE I A8 PP, X 2R T8 B P AL
WP BCEAE, A viERS A IE .
32 RAHE

FERFE RN U HUR MR AR 03 T 0
SENS LR [ B9 o AU Dijkstra HE TR
AR B R BRAR RS AR I AL

3 ERAHME

Fig. 3 Road thermal assignment



BRI S AT 81

MRS R B ST 7 R S RE R Y RS
BRI — X ROCR, Al mEFH KA
HEMB R AT, DR 2
EAE BB AT ME, T REE B N
/I o 5 M € 3 A2 PR RS O 28 4 T s A 0 M
HBEAT S5 RO (B 3) o BB AR B Bl
ey, R BN DL A Bl N T kAT
N, PR O AR IR

4 REFIEHINFELEEXERZE

AT BB R B 5 2 7k, MR
AL YOLO 82955 #4388 B A7 I 2530
S, SEMAMAZH .. AFTETHRITROFH
AZHAER, ASCRAET BB IE, KBFHA
EHLZ B TSR, 7648 B 1E B
FAKE B R Rt.

4.1 WEEERK

F1% YOLOv4 H brds UL AL 55 22 K& 1)l
SR EUGERE,  an S A5k G A E i f A R
TR bRTE, R NFIRI [ A A w . A
I, ARSCHAE T N AR R GREE A RO

Wk 4 Fror, B4R Canny 5720 T34
i B EHR AT A% A Skl 540, i BHE

FUbR

R p) I MF B SERMESELR, e
W 2R SRIE0L 7 0 3 BIELBDE B AR M
B EAT IR G, BB AR EaE i
BEHLEbREEE, D E SN Ths B AR
BRI ] o

42 FEENGRERS

KEREY R YOLOvA KM E5H), 4ia
YOLO B ML E &, A FiR & il
AT IR SR ERIRAE COCOP Hiik £
(BHEN. BATHE. RF. WL I 5R) Bt
TN G, AL N —FF Uk RE SR H bR 55 -
EESEAGR, IFUEE — 2R 6
I FH 2R B e 0% 5 B (5 AR SRS, B
RV AT ] SRR S Frs .

Wil 5(a) Fros, B2 BOEAE 2 000 X
FEATI, R IAE (Loss) #1122, PRIk
B (mAP) 530 95%, %45 R E ], B i
A fg. & FEATIERIZ, S5 TR 4
HPEIMER, HERHIZEAR 2 000 RIRAFHIER S
BRI S H . INSEBR NG Rk E, 158
SHIIF YR R RIS B 85% UL b, FTHF
SN TE EL AT A AR R . B Y TE HL 2 B R
FERZMA = AR A5 PR B T S S I, AR AR A e A v
ik, Wi s (b) Bk

KGR

Hipp

B4 INEEGERRIE

Fig. 4 Automatic generation of training dataset



82 £

2022 4

ok
(Loss)

5% PR RE

14.0 T Ml (mAP) -

8.0 i—

6.0 1

40 %

2.0 \‘

Nne

1800 3 600 5400 7200

AR
(a) Loss, mAP

9000

A3 HE
roffic_cone [98.79]

S
back hand [98.91]

[=I%T Ik
thumbtack [94.40] arrow [49.67]

T4
finger [86.15]

EEIEAT A
ban_people [98.46]

(b) FARRLINR 5 2R 1A

5 Loss, mAP ELLK BiFt&RRAIRR

Fig. 5 Loss, mAP diagram and the effect of target detection and recognition

4.3 MrREER

RGN FHaEAMERN. MERE
B DA K M UE G fE o, BT AL E (S BT
TERI AR R A T 840, BT DL ZEHEAT A A
e, TR R RO ARE R WA Kinect 3%
B VG B TE 1) BB AR A F LA B2 I T % (1 o e 414
b5 (B 6)

w u o X

(a) G AL R 2
&6

(b) BEHEA bR 2
HAREEIRITIE
Fig. 6 Coordinate transformation process
AR FR 4 SR bR R T R AR 2R
DB IX I 7 F A s 28 P AN W S 70 22 18]
BB SER, TR EA Canny 57042
HC IR T A S IR AR eI B 4 LIRS R AR o
TR BRI -
(1) X B AR DR 2 1 B A5G AT X 5T A8 73 1R 38

PR, Ed g aEmAd e g%, URE
0, [ P D2 X3 K3 2%

(2) i Z DR IE R R A 445 B RN
A A AR, TCAEJEGE A AR

() HREUM TITE B RE AR R T 4 AN AU AR
b, ICAEAS A RARAR

(4) 38 I 3 AR 4 SR AR AR e R R, JEAT A AR
i

IR AR RAE RGVIME AT E R XA HAT N
H AL B e AL bR, BORHLFRR T Kinect AH
WU B ASCAH XA BB P 22 2R 5 R
44 FR/ERBUENX

BT YOLO HiEiR A H brbt AL B I AT AL
PR H R AR S, AT T 2P F A /E A
R i Wk i = T e b N AR o e 2 I E ) e
- FhIE SR IR AR A, BRI 1.

5 Sl

51 =Hl—: REFEHARHS
IERAAT KRB IE SN, N H



13

Ef@se, & BRI S BI I TIb A 83

#z1 FB/EREX
Table 1 Definition of gestures/props

FHAER X

LITT A

r::p:“ S
'

ESh
%A
RS
AT

LA

il T X 35

@ Pl

JEE 3 I PR K i/ o B fe A 3t R T
KANGi )

IS B B, AR RS A
AT E

L T2 T 5 A5 R 5 v B A
B RGRE N Z ARG ERL - REN,
RN e ol A, 75

I3 ST A B S A ) U 55
o BILBONIE A I

I 2 L B AR P X IR ST AT AR
A2, PEIRIX AN [ 5

o AT AT 4 R ST R 3T T B
BTG SRR, EF RO

ST AR RAT OB B O R B, K%
BB AT

K 1 EL A B ) DXt T XK, X3
I BN REIEAT

PURCHE B AR 73, AR el B A B A

RIEIG S I IR, K NIBO 3 23t 7y A 2]

(a) N 3 BT 18 B g ]

HHEE, ORI BT B B, T A L R
BN 2 R A b i

B A RZEIMRIE BN 2, N7 3l AN
EFRTAE AR EAT R &, AR el sh 35 s
PR G BE R . W 7 () s, BlHbs
T B CR AR X 380 3 N, 1 X IIE B
BAEMGEFE, mEd AN T, e X TE
WAL T] T 2% B, DL FoAth B B A
Jio 7 (b) Fras, FIH e 18Rk
R X e, I k7 ARSI,
Rl g B B E R A, AR TR R e
PR A AR
52 R BEARIU

HH T i LA, A el i B AR 1
17, PTUEREAT RS RS sh 3 B0, 7R 2R 3
LR B AR AT I SR B

AR B T /5 E2EINE S, fEPTHTE
FE B REEAT RGOS, A R el FA O RS A o
HAARNRER R E WA 8(a) in. I,
B % B IR AE HEAT T A A 5 SR B B I
(ﬁﬂ@ 8(b) “#ribiEAT” EHAAL), A “4ik

AT R A TR A OB B BT I E T, &

R UE=p)N:

Xk
(b) NIALERL 5 ) 1 % 4
B7 ARBRSRIEXEE

Fig. 7 Comparison before and after flow diversion



84 £

2022 4F

(a) JE I PRI A1 U AU R A ) B

S AR T ) U SR A A el 37 3 A DA 7
ATHDFTF SO R R ER o 2 BR A X A bl i B
RBLHEAT T R ORISR, A3 B A el 7 B
SERT PRI AL IS S L AR, R b %2 B TAR
s HE % o

6 AFEE

KRGHALGN) “ - WAR-TEAL 7 48
THGRMREE =4, BEMNHTA/ERES R
GUIATEAE . IR RS R RIISCEE B P Ak
IR, RREE 20 A2 (18 454, 2 4
PO, oy Bk A B K 2 N BT RGN
IRV

gy “BER” 2B, BT R
FHINARL RGN B EELR, FEhEs, =
EAEZ NMETTHE; 90% HIRLRE (18 %2k A
) RIRZRGENTTTIHEAR: 75% Bk (15
RN ) RoR, %R G 1 St aE 2 n
THER R E SR, WRTFHAE R
S8 SUAR G W 30 7 A FH A B0 R A e AR I IR

‘ PR R AT
(b) T8 B& [ h5 A1 W f5 18 B 44 7 1
E8 BRI RTERTEE

Fig. 8 Comparison before and after road obstacle layout

40% ML (8 2 01) X RGfiE AL T
5 R TE B A R A AR 45 G 1 7 2B IR A
RARAEEST H ARG YT EACR, R
% R G SR A A AT B 5 SR B A T
WZ; 25% WIRK:# (5 4R ) For, @it
TERMTERERE RS T &, FH46 RFRWT
(38 H Th e R A AT e R, ReiRis BF
RGHE.

H, 5 HZANARM, ZRGAEH T
P A7 AR 38 LR R BRI R R A o, S A
5. A, 12 452N RRoR,  H TRt
SEARTE B O REAE N A IR, A RGNS aE B
RS, ARSEIGHE I B St & AR R I 255
PETTE,  BORAR T T SR ZRFE A B A ey 1 7]
B, ABFERE RN G507 TH A 7 EFE SR R E R, H
FE TS 08T T 55 B B 7 AT 7 3 — A Ak LA
RGN RIA .

7 RESRE

R W BRI I 5T, ARSI



BRI S AT 85

W7 EAREE RN FI A, EAIRA T
WHAT S5 GURFE 7 2] AR R AR e v 3 2 o 1) 7
IR R E VDR A o, fERLA R
o, SR N A s S I U7 R BRI AE PR A
PEEE I [A] Bl AS s HLok, ) A 3k 32 A0 A e 1)
AR BRI B AL AR AR RS FE 2R . IR, 45
4 Dijkstra 5 215 HIE S B AL TS 3 #4114
R, 52l DAVR B2 2 ST ORI 1) “ AR AR S N -3
e v B 2o - AT LA A 7 B O b SR T R
i, LA EREDERER RS &E,
ETZEMRG, 46T 32 BiE AR
RGP ZHMEMST M. SLIs LR, ZAR
g n] LAERA MR ) T A RE B R, sl Ret
CR2S il e b R L P R T MU S R R e ]
RBEH . AP REERER, ZRGEA L
Fh, ZHEHEEKR, EEZANME. B,
THE BT B A5 S B S5 R

FERN T T, 56T 5K M AR G 6 2 AR 25
PoNTTE, AEECRAE X b, ZIRTIREHAAR
IHESH & H, AFT € SR BOR I SE A T8
By BT EBUR B AR RTINS E
A, FEBUEETHAEGHEFNHENE. HYS
REBURTOMILL, ASCRAM 3D AT EI AR
()3 H B @& i SR, R R B EEINIE R4
. (B2, HRETHEET YOLO S%seiln T3 i
HRT I 7 v B JE sk N T A e 48 1) 5 =K
55 i, o8 AP 2R g S P B [B) R4, (LR ARE AR I 255
ik FR AT R AR 2 KB E],  HLARR R T A EGE
HIGRA T R, ARFRLETE
Wro MAETHLSA FALGE R B b B
W IhRE, AT DALE R i (] 0 58 NG AT U125
HET 58 G B TAE . B, 22 S5 BESE
H, KX YOLO R T oudiifh, #4858 YOLO
HiES NN EER S, SSOF3#/0E A
SR SENBIFN RS fd FH B RE B S H

FEAR AR N 7T, H AT LS A LR BUR

RGN E RGO T, FEE T EAL
FTRRANA . 2RSS, 2k
Kinect AL 15 70 KAL KA INAAZ B, #EF
/38 B A A b 25 AR R BOR SE L
AL Ty 3, B P JE I g A 1 A At g
M BAE RS, AN E AN ] 5 8

2 2 X M

(11 =0, ARt N, &5 SR vt 75 21 i

7o (7], i HCHIE R R A 2k (H AR B AR L 2010,
30(4): 15-19+51.
Zong P, Zhu HB, Huang G, et al. Research on Smart
Campus design method [J]. Journal of Nanjing
University of Posts and Telecommunications
(Natural Science), 2010, 30(4): 15-19+51.

(2] IR, RHEE, BAGR, &5 B ERE: B
RIEHI LIRS [T]. TR E BT, 2012, 18(4):
12-17.

Huang RH, Zhang JB, Hu YB, et al. Smart Campus:
the inevitable trend of digital campus development
[J]. Open Education Research, 2012, 18(4): 12-17.

[3] T B EUR el S A R AR B e T B F 4y
BT[], B E AL ZEE, 2014(9): 88-92499.
Wang Y. The overall framework model and typical
application analysis of Smart Campus construction
[J]. China Audio-visual Education, 2014(9): 88-92
+99.

[4] KR, PREHIE. Ik £E B el A g R AT [J].
BUREE HR, 2011, 21(6): 123-125.

Yan DH, Chen MX. Application of Internet of
things in Smart Campus [J]. Modern Educational
Technology, 2011, 21(6): 123-125.

(5] B 5T 2SR b s BRI (0], i
MR, 2011, 38(10A): 18-21+40.

Lv Q. Building Smart Campus based on cloud
computing and Internet of things [J]. Computer
Science, 2011, 38(10A): 18-21+40.

[6] 4RFE L, SRS, WL, ERcR BUR el g B T

JEBCE S SRS F—— A AEAT A (1], 3L



86

VN 2022 4F

[7]

(9]

[10]

[11]

RAFHA, 2016, 26(12): 112-118.
Xu QS, Zhang JH, Yang LH. Top-level design and

practical application of Smart Campus construction

in colleges and universities taking smart
Beihang University as an example [J]. Modern
Educational Technology, 2016, 26(12): 112-118.
TR 10 KM I AT SO H ks AR
W——LAHCE e b 8 900 (1], e AT,
2014, (4): 87-93.

Huang MQ. On the visualization of cultural heritage

data in the age of big data

taking the digital
sand table of the forbidden city as an example [J].
Museum Research, 2014, (4): 87-93.

TKRZETE, FEdH, AL FT Web3DGIS 3]
AETRATIDE R G I [J]. AL AR 5 4E
¥, 2017, (13): 64-65.

Zhang JH, Huo JW, Wang JF. Research on
interactive sand table system in the main stream
of Yellow River North based on Web3DGIS [J].
Computer Programming Skills and Maintenance,
2017, (13): 64-65.

B Rk, 46 7 v B AR E (5 B R AR Ut 7T
[D]. /R Tk K%, 2018.

Geng CX. Research on campus information
publishing mode combined with electronic sand
table [D]. Harbin Institute of Technology, 2018.
KR, HBE, ENI. E T TFALHK =401
W RG RO 5L )], fREEES 515K, 2016,
38(2): 110-114.

Zhang YJ, Meng XJ, Wang G. Design and
implementation of 3D electronic sand table system
based on gesture interaction [J]. Command Control
and Simulation, 2016, 38(2): 110-114.

o, IRATAE, BAOCH, 4. BT R SR K
AR REMEND A (7], SRYINE BHE AR
B 274K, 2018, 16(2): 85-90.

Ma C, Xu SX, Zhao WY, et al. Sand table design
of AR campus planning based on virtual reality

technology [J]. Journal of Shenzhen Institute of

[13]

[14]

[15]

[16]

[18]

[19]

Information Technology, 2018, 16(2): 85-90.

Piper B, Ratti C, Ishii H. Illuminating Clay: a 3-D
tangible interface for landscape analysis [C] //
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, 2002: 355-362.
Mitasova H, Mitas L, Ratti C, et al. Real-time
landscape model interaction using a tangible
geospatial modeling environment [J]. IEEE
Computer Graphics and Applications, 2006, 26(4):
55-63.

Petrasova A, Harmon B, Petras V, et al. GIS-based
environmental modeling with tangible interaction
and dynamic visualization [C] // Proceedings of
the 7th International Congress on Environmental
Modelling and Software, 2014: 15-19.

Butscher S, Hubenschmid S, Miller J, et al.
Clusters, trends, and outliers: how immersive
technologies can facilitate the collaborative analysis
of multidimensional data [C] // Proceedings of
the 2018 CHI Conference on Human Factors in
Computing Systems, 2018: 1-12.

Zhang Y. CityMatrix: an urban decision support
system augmented by artificial intelligence
[D]. Massachusetts: Massachusetts Institute of
Technology, 2017.

Swee TT, Ariff AK, Salleh SH, et al. Wireless
data gloves Malay sign language recognition
system [C] // 2007 6th International Conference on
Information, Communications & Signal Processing,
2008.

Bhujbal VP, Warhade KK. Hand sign recognition
based communication system for speech disable
people [C] // 2018 Second International Conference
on Intelligent Computing and Control Systems,
2018: 348-352.

HHESF. 2T Kinect M52 BB AR R G0
¢ [D]. KMz KM K, 2017,

Zhai YF. Research on interactive teaching

technology and system based on Kinect [D].



1 4]

s, 2.

BRI S AT 87

[21]

[22]

[23]

Zhengzhou: Zhengzhou University, 2017.

Manghisi VM, Uva AE, Fiorentino M, et al. Real
time RULA assessment using Kinect v2 sensor [J].
Applied Ergonomics, 2017, 65: 481-491.

B, XA, B, S5 BRTUR S ST 1 H ARk
MEARLEA [ THHEHL RGN A, 2021, 30(3): 1-13.
Lu F, Liu HH, Huang CY, et al. Summary of target
detection technology based on deep learning [J].
Computer System & Application, 2021, 30(3): 1-13.
VREENI, 8, 25 M. RS SR M 8 H bR il
LRk [J/OL]. tHENL TSR, 2021,
DOI: http://kns.cnki.net/kcms/detail/11.2127.
TP.20210126.1445.006.html.

Xu DG, Wang L, Li F. Survey of typical target
detection algorithms in deep learning [J/OL].
Computer Engineering and Application, 2021,
DOI: http://kns.cnki.net/kems/detail/11.2127.
TP.20210126.1445.006.html.

PMESC, Tl TR B ST B H Sk Bl &
FHUN S H. [J]. W/RER TR, 2021,

[24]

[25]

[26]

26(1): 30-38.

Sun BW, Yu F. Dynamic gesture recognition
and interaction of monocular camera based on
deep learning [J]. Journal of Harbin University of
Science and Technology, 2021, 26(1): 30-38.
HEH, ZEAR. B TUZESA T3 m A
WLAZ . [J]. iH5HLTFE, 2009, 35(15): 198-200.
Xiao ZY, Qin HB. Human-computer interaction
based on gaze tracking and gesture recognition [J].
Computer Engineering, 2009, 35(15): 198-200.
Bochkovskiy A, Wang CY, Liao HYM. YOLOv4:
optimal speed and accuracy of object detection [J/
OL]. arXiv Preprint, arXiv: 2004.10934, 2020.
Canny J. A computational approach to edge
detection [J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1986, (6): 679-
698.

Lin TY, Maire M, Belongie S, et al. Microsoft
COCO: common objects in context [C] // European
Conference on Computer Vision, 2014: 740-755.



