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DESIGN AND IMPLEMENTATION
OF REAL TIME AND HISTORY MULTI-
VIEW TREND DISPLAY SYSTEM

ABSTRACT

The Internet of Things technology has brought a lot of convenience to
regional situation monitoring and greatly improved the efficiency of
decision-making. Facing complex and interrelated monitoring methods,
0T systems need to access a variety of sensor devices.It is necessary to
comprehensively display a large number of multi-source heterogeneous
sensing data.

The existing work can access multi-source heterogeneous sensor
devices and display the sensing data of different devices on different visual
interfaces. However, the information displayed by the system lacks
relevance, and it is difficult to clarify the relationship between different
device data, and it is impossible to display comprehensive information
after merging multi-sensor data. Moreover, there is few work that meet the
needs of query and playback of historical data.

The existing loT situation system can access multi-source and
heterogeneous sensor devices and display the perceptual data of different
devices on different visual interfaces. However, the information displayed
by the system lacks the correlation degree, the data of different devices are
completely separated on the visual interface, the system only provides a
single information of multiple data sources, it is very difficult to clarify the
relationship between the data of different devices. Unable to display
integrated information after fusion of multi-sensor data. The system lacks
the depth of understanding the target, only through one or two kinds of



perceptual means, only through a single way of perception, the lack of
spatio-temporal view of the image of the target information display, unable
to explore the surface of the monitoring systemThe deeper information of
hidden threat criterion contained in the phenomenon of target threat lacks
a deep understanding of the nature of various alarm events and dangerous
behavior which leads to the deviation of the overall cognition of the
regional protection problem. Because of the lack of spatial characteristics,
the system can not display the regional flow and hot spot density of the
target from a spatial perspective. And the technology used in the existing
system can only meet the demand of real-time monitoring a display mode,
which only emphasizes the real-time display of situation information,
ignoring the query and playback of historical data. Therefore, it is an
inevitable requirement to develop situation system to study an architecture
that supports real-time history dual display mode.

This paper designs and implements a real-time historical dual display
mode situation system based on space-time paradigm. The system accesses
multi-source heterogeneous sensing data, performs real-time situation
monitoring and historical data playback based on target information graph
and multi-dimensional data view, and performs coarse-grained and global
target tracking interpretation and target portrait based on GIS service. . The
results of the situational system simulation experiment show that the
system can effectively display the correlation between different equipment
data, and has a deep presentation of the target threat criterion information.
It can also recognize the target from a spatial perspective, and display the
situational data in a dual display mode combining real-time and history,
and use the buffered batch loading algorithm to achieve low-latency and
high-efficiency historical playback during playback. The system designed
is feasible and effective.
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S AREEEE . B mmsi SEE ARG S, R AR B EL
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FRAE B AEAE SOk 2l ajax A B B BUKIE S 5 45 2 4E L B AL I 4L
i HRAT S BE I 2 e LA - 2 4E AR AL I P (S Bl in 8 Sk an 1 4-5 B

7N o

Algorithm 1 Heterogeneous Dimension Static Data Loading

Input:
The Identification of current selected target I.
The State of current selected target state change S.
Output:
The matrix Sensor data D.
The matrix Feature data F'.
The matrix Behavior and Event data B.
The matrix Warning data W.
The matrix Graph data G.
1: Create a heterogeneous dimension Static Data heap H;
2: while (S == True) do
3:  Subscribe sensor data messagge M = getSubscribeSensorMessage(H);
D := getSensorDataM atriz(H, M);
Create a connection C' to database;
6: if (getMulti — dimensionDataElement(H,C)! = null) then
: F := getFeatureDataMatriz(H,C);
: B := getBehavior DataMatriz(H, C');
9: W := getWarningDataMatriz(H, C);

S LN

10: G := getGraphDataMatriz(H, C);
11: Return D F B W G

12: else

13: Return D;

14: end if
15: end while
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Algorithm 2 Realtime Dynamic Batch Position Frame Data Load and Render

Input:
The state of timer S. The matrix Batch Position data D.
The state of map type T'. The static variable ®.
Output:
The matrix render marker M. The matrix render vector V.
1: Create a batch data heap H; Inital record index E;
2: while (S == True) do

3:  clearHeap(H);

4:  while (getCurrentIndexDataRecord(H, E)! = null) do

5: get current index data record R:=getCurrentIndexDataRecord(H, I);
6: get current lontitude latitude L:=getCurrent Lontitude Latitude(H, R);
7 if (T'== EPSG : 3857) then

8: get current lontitude L;o,=getCurrentLontitude(L);

9: get current latitude Lj,;=getCurrentLatitude(L);

10: transform current lontitude coordinate;

11: Lgon=Lzon*¢’ /180 )

12: transform current latitude coordinate ;

13: Ligt=In(tan(mLiq. /180+/pi/2)*/2)*® /7 ;

14: L« (L.!mza me.};

15: end if

16: Mp:=(getTarget Render SupermapMarker(H, L, E));

17: M — Mg;

18: Vi:=(getT arget Render SupermapFeatureVector(H, L, E));
19: V VF;;

20:  end while

21:  Return M,V;

22:  RenderMartrizMarkerV ector Layer(H, M, V');

23: end while

4-11 M EWMBIENR S EREE

W 4-11 FhEsAr B nEk SiE R EERTR, 3T S iR AR TE
Pef it RE D, 7 EAR IR 24 A B R R A IR AT SR B AR AR 4 . L& WGS84:World
Geodetic System 1984 TFHIZFANR, Lo/t WGS84 brife N HILE AL R, Ly
Pseudo Mercator ¥ 52 ALbR 22 T L EALHR, Leygse Pseudo Mercator #5244 FR R T
THILEAKR, R MR RE K —F, #HARuF Fos.

Ltl :LIXR—].BO (4'1)
tan(nLla E)
Lta = ln(%) X R/ﬂ' (4-2)

4.1.2.4 ETEHREEEMERNBREIEITHRENZT

2 Yk L 2 B B A T A AR T B 22 U8 S A RN B S AT O L RAE S
BRBIESE, BT HASRIER. PUBIT N RHIE. S ERERSE TS A KEN AR

54



FNE SHERRGEN SR SHMFSEH

TR, A AAF A 0 SE PR R BT K B B AT N I B AR 5 DB A
S H bR BARBCA A e I, (ER AR B, bR BB RIEAT At
FAEH & —E Rk tE, KRR 8 — g H U B RN A T8 . #14
XRPINZREE TR R E R RARERSE,  RiE AT TR 9% B I TR) AT <5 X I
FATT e B P~ MBS PR P 2 ST U iR AT B At T AR )1 2, OF B 555
KI5 R R 5E T BEARTE IR 5 DX 70 B et , R {8 Y 2 R ade B (10 b e 48 B
K H A 22 4 BHs 5 I A ARARIE B RN ZRIR R SR, IR SR 32 3 2
SR RE A AN BRI ) e B E SR A HE IX 2 15 L 4% B (4 B A, I ELEEAT B 20 #7110
PREE, IXFEABTIEATIEACI SR, B0 5 e L BhTR B 1S P48 B 3 A A R 1
i it g

R B BARIED S RFAES 5% U B AL B I B R AR e, B — A
I TRl Bt > BRSNS B AR AR AR -

xl e xR
X =[xt x? .. xR =|: -~ : (4-3)
Xl . g RHT
D D

Horb REVIZREE I ECRE, T R2MAEIE LR, D 254 H R 4EE
NG HA L AMBRERIE R R A H AR g A 46 BE AL R 10 838 33
FAWINEL B, 2 S AMNGEHRE T HENLANERN BIs R %EEG . 5

B R R
XL =XR(S), S=1[sy,..,s,] 1<s;< R (4-4)

& C FAT BRI, Y SR L AR RO BT bR
Wb, HonTLLoR NI R R
[y% eyt
HES : (4-5)
ye v Ye
Y AR AR, AR AR T | R
_{ L x R T4 § KRB
T R R T § AR
AR 55 e B — /N BRI T B N X % Y Fe
TR, E TR B S IO AN TR 240 b A 0 B A BT
Y BRE 5 D45 1610 4 95 £ M I LTS o A — A A 5 2 2
GR%, AT MR R, N AN hU 2 N, TR R £ bR
G| A R B EOAW = (i, w?, ., wV 1Y, TR B (S 4 e

(4-6)

55



JEHCH H R 2 T2 i 22 8 S
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P(hE™;0) = ogs ) exp(~E(H*~%, 1% 6) (48)
hk

VR A I

Z(0) = Y pr-1 2 exp(—E(R*"1, h¥; 0)) (4-9)
het 5 hf B &4 MR 00 T B
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Algorithm 1 EspFEEEFESHEBEHERIIGEE
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L H BRI LRI Th B I I 75 2 e I 45 SE I 2 B e iy sUSEL, Bt . R
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Algorithm 3 Realtime Warning Data Render Flicker
Input:
The state of warning timer S,,. The state of data timer S,.
The waring timer array T. The waring level array A.
Output:
The matrix warning data W.
1: Create a data Heap H;
2: while (S,, == True||Sqy == True) do
3 clearHeap(H);
4:  if (Sq == True)) then
5 get current data matrix M:=getTarget Data(H);
6. else
7
8
9

get current warning timer?.:=getCurrentW arninglimer(H,T);

get current waring level Ac:=getTargetData(H, A);

: while (get NextWarningData(T., A, M)! = null) do

10: get current waring level data We.:=getCurrentWaringLevel Data(T,, Ac, M);

11: W« W,

12: end while

13: Return W;

14: addW arning DatatoRender Layer(W, H);

15: setTimeout RenderWarning Data(W, H, T, A);
16:  end if

17:  if getTimeoutState Flicker Render(T, A) == True then
18: Flicker RenderW arningData(W, H);

19:  end if

20: end while

4-17 KT E BRIRERNGE X
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4.1.2.6 ETHEERAXHEIREWBIRITAD

H BR8P S2AT ol S AF AR 2 JR =T, BN RAT MBS S
HFRSERS AT B0 A, ATTREAT SRS . H AR SEIN AT A 0 A T 31 58 2% F e K AL
W, A 2% & AT 9 HARK) B bn & Sk S BARSEILRY AT RetE . AR T SEAT MR &L
ol ABL I 2% 18 H ARAT N e R BOTE R 2R B An & S A AT 9 Ja Rt I AR

AT W Porare NAT NIRS B E, F T AR A E . &
Pexecurion (Alprecondition(A)) NAT NIAT AN E « ¥ Pepppcr (e|A) RN 54T
N A BIIPATI R, 247 s S I RE .

B B H VAT PIRSEER TR . B E N BARAT 9IRS, #51E HART
FUEHE E M BIFPRA x WHMZR Y P (XE) =1. FATEERIE BT AS
B 5 H AT R BPRAS BRI R 2 o an BOM S 3 H AR IEEAT I8 HirC &
MHATIIBATAT N B, 4 HEr1r N B HELI AN AT MR 1. iR IEAE B
WIATAT N8 A, WHRAT A A BENER e IR LIAT R
Pexecurion (Alprecondition(A)) 5 H 45 R (X Pprpger (e A) HURAL . WA H AR
PATAT NN A, AT A RS e HILBIMER N Peppcr (e|A) o 5 U HARAT
RS x IR 5T x G5 MEZRME p(x)-

HART N RAE T . 45 BARSERAT NUE E, R %E| 24 B s
PAT TAT N A, P (XED =1; @RS HARIEERATIT N A, NP (AED
ET BT APATIEZR . S EFT N A KAERBEAET BTN A HUT
MRS e BT AT IR R .. AT .

precondition(A) X (4-29)
P(A|IE) =P (A >
( | ) EXECUTION HeEprecondition(A) P(€|A)

HARAT R (A 0 T B ARAT A4 R B2 R .
P P(e|E) = P(A|E) X Pgrrgcr(elA) (4-30)
HArAT A e RR S B A HE S AER TR, BT M2 2520 H
AT RS RN, dEmsgm BT A RIHE S GE. % O ABEMTA A BB
T RERES BHA—NBEIT NER o . N
Paction(0:|E) = P(A|E) X Pgppger(0i|A) (4-31)

1709 A TR RUTE i A OB Ja R B B AR AT R LU H AR AT 3
FHETH AT 2
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EU(AIE) = Yo,e0,(Paction (04| E) X Utility(0,)) (4882)

47 B R 5 BRSO . ERRAT oM At T )
HEES AL, TR B BRAT J 200 IR B 38 . 4 Op N ELARAT
NG Bt e, SEr— A BERAT G S 0. WAL Ak} S50 H b
17 SEUS Mo, (R F AT N4 . A S8 T HART A% Boj . FIAF
17 R S50, (BT HRR AT N SR B, FEA_E FARAT 4 B, I LM
TR T F AT N5 Ho ISR, At R

Pplan(OjIE) = ( 1_[ P(4;|E)) x PEFFECT(Olek) (4-33)
i=1,..k
H AT D9 080 399 28 28OMAE B E ARAT D BRI o 447 D9 R e R B A
DV & GERERGEIR

EU(P|E) = Z (Pytan (05 |E) X Utility(o,)) (4.34)

OjEOP
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o AT NEBERA R ALLE S5 Ko 4-18 For .

( TabPane ?%%éﬁﬁ: )
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B B B B
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Algorithm 4 Scenario Playback Service Switching

Input:
The state of playback mode S. The start date and time of scenario data O.
The end date and time of scenario data E. The Identification scenario D.

Output:

The matrix playback batch data M.

Create a playback queue Q;

publishServiceSwitchSignal(S, O, E, D);

Subscribe playback signal messagge G :=getSubscribe Plackback M essage();

G+ S,0,FE,D;

M « preLoadEventInfo(S,0,E, D);

waitingCallback M essage();

transform date time format;

get transform start value O, :=transform1imeFormat(O);

get transform end value FE,:=transformTimeF ormat(FE);

): set PlackbackState(O,, By, M);

: Start Playback(M ):

: Return M;

N

% 3

e

4-21 BREHRS I RAKRE

4.1.3 [ARFEEIBRN LT 5EHEF LI
4.1.3.1 ZHRSHIEME

N T SR SR (B, 0 A5 AR I AR 45 ) e . g S (R AR
TR 7 — Mgz i b EHE I B R AR e G2 o IRES T B b2 5O n AR e
b, et E B In s S E I K 4-22 k.

LRGP AS Q LAAF A O LI [R1 8 H AR A3 B . PAFII 5l
ABL A B AW IS TA)AH O T HE R ER N E O (PR ZamitiNt 18] ) A% Ciedg i) .
A RIS, IR, GRS HEEL SR, AR TR IR T ITUIN 2, AR
JE R TR PIRAS R B AL 2 TR, il i BB [R], FE TS T R A
[ TR 46 5 1] 2 [a] R A%, AR5 2% W2 17 1] [ (getBufferQueueElement(Q,
C)) o W RAFAE E AR, W RS ALY AT B R = CE A S SR

(renderFrameData(getBufferQueueElement(Q. C))) . WIREIEAIEIE, RG¥
TR EZZ T — N2 Pt (R & A B BT 254 (bufferBatchData(O, E. D, r)) .
B, AEGMTE RGN RO T A) B s 0 EAHARMIEN (8] D (1) 2248, IF
SR BB E I 2R 0N — MBS [A) B G HT RS RS S TR gk gk
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Py S B B ORI s e A P, 2 i B L S, R
BB, — [ ] AL 3RS R S G i R B e B, i 9%
A o] TR ] A7 18 7 95 0 R B/ 3 e A A 0 P ek ] )G, AT S B 802 [ e
T JEE R

Algorithm 5 Buffer Batch Data Loading Algorithm
Input:
The state of current playback S.
The start frame time of batch data loading O.
The end frame time of batch data loading E.
Play speed factor r.
The difference of adjacent frame time D.
Output:
The matrix Batch data M.
1: Create a buffer queue Q;
2: while (S == True) do
3. get current time C := getCurrentl'ime();

4. if (getBuf ferQueuebElement(Q, C) == null) then
5: while (get Buf ferQueueElement(Q, ) == null) do
6: Q <+ buf fer BatchData(O, E, D, r);
7 end while
8: render FrameData(get Buf ferQueueElement(Q, C));
9: M := getBatchDataMatrixz(Q, O, E);
10: Return M;
11: else
12: render FrameData(get Bu f ferQueue Element(Q, C));
13:  end if

14: C:=C+D;
15: end while

B 4-22 AN ERENREE

FESE PR 3 SERBOA ST, 3RAT 75 25 I N 75 22 13 S R it (Ho2
A A [0S B] 5 RUER 1) 5 6 18 SR 2016 B A RSO 2 3 3R RiEAT
/0 FHHEM MBI AW, BINARGIHE, WK T RKEIURNIMERE, FEIREAD
ARG R RS T, b 1RO . N TR R L, AR E
I Gz tt B GE (57%, EZRrPIERE R, KRG IR 2 Wi, it
T 1A A% A ARLE 2 T [RDBOS 20 0 il R Bdle, IXAE AR T R g b, b
TUARMIE R, W] AN g SE A [ i i

FE T S RTBGE R P 22 it S e 0 I TR 3 O BOR AR o 2, (BUE T N
Derh B I R TP G P S | B TR IR, T, g R B BRI TR, w O
BRI AR, A g — AL EHE R R 0 2 s .
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wr
T, = Z T, (4-35)
1

FESKBR IR PGB TR, BN Ty 9 BT RGE (KX 280715 SE 261 T, A w B
Y 5 EE A BRI 8], U A S A T P RO 2 8] TR TE R, T, g — kit &
Ba v e], At AR I A (4-4) Fros.

w

Ty =Tnet + ) Ui (4-36)
1

FESTRRIER B, 26 EIR 1 FAR 2 5 DR 2 BBANLYE, A T 3 L 51
PRI, T LA — N T T UAEIR B AEIR N, T DL S0 e
KT, S e LI VR A T 6, R U, A WUERT 25 e 22010
S, UNMUERTE | 2SR, B R U, |Uy — Upey | RSN i 30
{8, Uy — Upoy AR R0, v AR TR TR R T, T4 T i
6] AR

Tb = Thet +'}’Uf + (1 - FY)U-’-

+y Uy =Up 4|+ (1 =) U — U4 (4-37)
3 1

-3l <3

SR RN T TR R, A5 S oI 8] B s, U BRSO i 1k, 5
BER, S HEINIRBGERS P o BT BASE (i 8] 5t 7 AR W 2% SE IR S AE IR s BEAT
RS

DX 408 T S ) o A, AT Y308 e 472 ) o PS8 8 1 AT AT 2 £l A 08 4 ot 55
0 R 15 SRR N R I SR A T 22, ABUE T, A I [R) 22, speed D% JGH 5 [
C NFATRE SCHI ) H B, A M it 8] 22 2 29T o

T, = speed x ¢ (4-38)

P S2 RGO BE Bopnid « Jic Az ], G s ok i e, RSR
TEUCRIE A, RO, P 10 5% PR R 5 R 503 2 ) ) I T 22 780K
S B D [ 3CTEE JEE AR R R AT S S22 [ J30k ) 4% il
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SR, HEshEE 2% & O SRR I R o 2 BT IE W K. D7 S B [m ] iE e
T 5 P s ) Bk 1 4-29 R

Algorithm 6 History Playback Process Render and Speed Control
Input:
The state of current playback 5. The playback timer 7'
The start time value of history data playback O.
The end time value of history data playback E.
Play speed factor r. The difference of adjacent frame time D.
Output:
The matrix Batch data M.
1: Create a buffer queue Q;
2: while (S == T'rue) do
3:  get current playbackFramelndex I := getCurrentFramelndex();
4. if (get NextPlackbackFrame(l) == null||isSpeedFactor StateChanged(r) ==
Truel|isSlide Process() == 1'rue) then

5: caculateCurrentSpeed(r);
6: Q < buf ferBatchData(O, E, D, I, r);
T M + @Q;
8:  else
9: if (I < getEndFramelndex(E)) then
10: get BatchSupermapMarkerVector(Q, M, I);
11: render FrameData(Q, M, I);
12: changeCurrentFramelndex(1);
13: else
14: stopPlayback();
15: end if
16: end if

17:  Return M;
18: end while

B 4-20 EBERRERRESEERFE X

4134 HEEBEHEEHMHKU

FE@M%%iﬁéﬁmﬁl_Fmémh@ﬁi%&@W%@A%%Wi
TeFA . IR EAT A5 S A TR) 7 s i 2 E S s i i o Bl k. e bR
EZ TR RO R M 2 3 AL Bkt S B ol o =$#£Wﬂ‘TNmmmmﬁ#,
Lﬂﬁ#¢@AThtE*m%%W$# BRI %, FF B & A P Button 411F,

TR AR, AN AT AR, ARG T BB

77



JEHCH H R 2 T2 i 22 8 S

( DIVE 2%
i

(Notlfucatlon QEHfF %E%))
[Button QH1'—'FJ (Button HiF
(

(ShEEIE) X Ali%H)

4-30 MEEBREHEEEANANF

J75 S Bl A 45 58 0 4445 - Notification ZH44:1) open J5iE4E R4 AL
(AT b A5 R S N, I B P SR BT S TROIN 2 ) FE A S B i e AR B I
ZNFE Notification A1) A 25675, A8 B BRObR A (0 077 =58 O824 i g B2 (el
AR AR ) BUBCIRAS, I L i B8, IF g b Bk et &8, S
15 L PREEZEWEIRTBUS , BB ER 2, WAL TR, W2k 2
IRAEFR N IEHER, HAT REFAT B R R MKIRAE T PR, T
PO AR R S, 0 ERT A RO 2 E B E RS S e R A, IF
H TSR T REPIRE, £ 8 sh 2 BhER 2 5l =50 RS 2 O i 2 5
(R, PRIFE IR A T Bl ROk R Rk AR TR IR A W 2 B Bk SG s i =4 PReidk
[l FRCF A 2 e R ) ] 4-31 R

FHia
.
ZMHER | BIREATEm
EmE | [B17%
Epkd
A4 N

B 4-31 REEFEHSERELRS

78



FNE SHERRGEN SR SHMFSEH

Algorithm 7 History Playback Warning Behavior and Event Notify
Input:
The waring event time array 7'. The state of current playback timersS.
The difference of adjacent frame time D.
Output:
The matrix Warning event data M.
1: Create a buffer queue Q;
2: while (S == True) do

3:  get current playbackFramelndex I := getCurrent Framelndex();
4:  while (isArrayEmpty(1') == False) do

5: get current event time Index T.=getCurrent EventTimeldex(T'):
6: if (I <T.&&I+ D > 1T.) then

7 caculateCurrentSpeed(r);

8: M  getEventInfo(1,);

9: publishSignaltoW arning N oti fication(M);

10: pause HistoryPlayback Process();

11: Return M;

12: end if

13: changeCurrent EventTimeldex(T,);

14: end while

15:  continueHistoryPlayback Process(Q, M, I'),
16: end while

4-32 HEHEZHAHFELOREHEEBHNEE

P S2 IR0 B, PRBERR I T > [BL O [ gt A B S gk
JEi, B —ZERRE, T ZIHI CIRER S B, s R
P WAEREAT PREE BB %, R N8 2 AN RLRE = T TR) R 51 5 -5 HUn 4
OSSR A S AU MR EAT UL EE,  Ar SR UG BCART A PRt 220 50 B A it ) 2% - )
s bR T EE A P SLA R G A GRS A A A 4-32 s

Gz ESE IR SE LSSl

I
N
¢

B
Mo
N
N

4.2.1 BARREFEFIEZIT 5B G
4.2.1.1 BFRIREMESHIEEEETR
E AR IR R, SR FE T M OSBRI 28 B 7 I AEAE ThRE T R AL =

IBEE RS FATAT LR R H i B ER AR LR A 22 J2 O ST A DG e 25 121 3k
1T BRSPS RERER . " AR SRR RGN T BT R o

79



JEHCH H R 2 T2 i 22 8 S

4-33 MHIT B2 &R PR
2 FAYOM T KBS 9 51 V2R — AL 1 B A 250

Dy
T = Z T (4-39)
i

For XLi &2 Ith JZA0 ith @38 R . SRR i — B T DGR
AR EIE B A - 5 R RST I REIN , R AE SR R ST 2 I B R AT AR
Rk, A BB BEEZ IR AR IS. QR JZHA D JERA AR iR
/N MM, U N TR AE B (B TE A2 Do BB JZRFIERIINGR, D iZ
Bragin,  PraRASRORFAE B B S 0% BERIR TR I . AR IRATE AR & 2 YRR,
FHEMZE R 2R, XS BOHE SRR n R,

DRI, 3eE e T ik 20 ) 0 S ) R R X R Bt v 4 R ) HE B 2 )
B, K2 R B0 IR 6 A 25 RS IR XEIFE 2VF 2 H SR fH . R,
B IR T3 S 2 PR 2 XS Z A 73 ) F AR R B80T AR L AT
PRI R TT 5 b bR B2

K D,
argmin Y _ |[¢(@ik, fi) — vikllFz +AD |[wx frall7s (4-40) 1255
k=1 d=1

Horb fl,d 2 Ith JZA0 dth JEIE IR A S yk Ron 0 I i 1 H AR e
12514

XHFIIRE 14 T RO R, SRATE SERMFIER AR S f. X RE4LE
Beds, N PHORKEANE, IF @ DUR IERU R SR T R K B ME PP, o

F — diag(fl,l’ fl,2? bl fl,Dl) E RDZXDL (4_41) [25]5

Af = FTXy. (4-42) 125

A=TTXXTT - \WTwW (4-43) 515

80



FNE SHERRGEN SR SHMFSEH

T2, R IR R R, R EENAETT R, P
ARbEL S IR BRI A R . BAA R R I R,

L L
B(f,m) = 3 muBi(f) + ) lImillz (4-4a)02%
=1 =1

s.t. 31, mu=1,m;>=0

WA ERISE RERN Eo m LAk ] AT DL e 12508,

argminm™E + mTm,

m (4-45)1F
s.t. Ef‘zl mi=1,m; >=0
RS MHIT B8 75§+ K BRSSO B T 5 &, SRR PEAIE
FARZRTELE. PTLVE B MHIT 7R84, TFyEE, BT ES T
oAb R0,

Occlusion
0.181,0.318)
() y ]
ol
rall
il Py
n iogs &
504
. Ur ed
(e} 0.1 66)
1
@ MHIT[0 4508] CCOT0.33006] TCNN0.3249) SSAT|0.32065] MLDF[0.31063]

Staple(0.29522) @~ DOC0.29291) ~¥— EBT]0.2013) @~ SRBTI.29036) X STAPLEP|0.28621)

4-34 MHIT b8 & 12516

SN 5 P SR Ah A A S R G SEbR BRI 2 IR IR AR S SRl R4t
BEXHEPE AR R R 2 VEAN T B B B s 2R 0 Wi S B R A S R T BL A
RRERET o R GE A2 VAN 2 T BU RO RE I 2 B8 b, B T 2 T BL
[7] 58 AT RENA T IR IIAE 55 IO RE T e B, W DL RARERINGE /1. A ARSELLRE ST
HARBERRE 1. RBIRE A H AR B B R BT L2 51RO

o 5 2R A 2R ) R 2R PRI J ) X A 3 AT S A F BB X
I . AFR AR E R ASE R E AR LSS AL A BB T A S R0
ST DXCRNRANF T, SRR, AR RPN X2 R AEW R 3ett. H
PRATE R RERA T RO PRI GE S VAL SR AT . B AR, EERA. TIEHIE.
1) s R E0E SO X AR R IER I BT X AR SR X AR Z L -

81



JEHCH H R 2 T2 i 22 8 S

Y2, (AIA?) (4-46)

Cov = A0

A, ARSI IR N T BRI B XA, AR SR X T AR . BT
LA, B X o S /N 0, 36 BT S AR BRI SR R0 BT X 5 TR XA AR AL s
AAHER MRS, WIS RBOKT %, 7 an AR A0, Ui PRI AR L 2R =
[ R s i 1 M A 75 5K

2) H B AL i IR AR T BEa i g 7 X i AR A S EAS R R A0 B T

B2 L
c - LA (4-47)
0T YR, (ATIA)

3) TP L
M 4 PRI A 2 bh T 52 2T PUAE BRI BT T AR RN TP A LR E SO

PRINAA 28 52 20405 BR300 B X HEITAR 5 R 32 P8 BU I A0 g ) X T AR 2 L -
YL A
© YL, (ATTA?) (4-48)

AVFORTF G AR AR | A R T BOR BRI X T
LRE S LIR VI TERR, R TS 22 T B R A 2 AR BE 707 B

itk
kq
Cay = (14Co)  °Ceg?°(1+]ks (4-49)
Kiv Ky ko078 % R HUZE MR 3 PRI AR RERDN B2 g P BT AR R 7, HL
> ki=1.
1=1™1

H AR 152 R BB AR Y H A L B8 7 2 M PR 3R DI 1k 3008 H s ) oz R AE RN R
BLRRI B T Rl 1A 28 A LAt T BER R DI OV Bt Ss ) — e e RS, 4
HFRE S L B — B0 AL RE I PPl A T KPP, e MR W AR 517
VRS, B I8 IR T BB B ES I BOR S HOR AT V5 . XTI S PP Al 45
R Z FWNE B A R DL S T R AT N T BV T 2
T B R ERIN o Z008 B AR E AL OB IR R A 2 RS BE T LA R (GDOP) i
HE b RE IR -

GDOP = eZ + e + e (4-50)

82



FNE SHERRGEN SR SHMFSEH

er « ey « esfUREN =YEAAR A E AL IR ZE I TT 72
F b )52 24 e AL TR 1 H B BR IR B8 70 T LA ARtz ANl L H Aas B B ok
R 2 T B FIER AR 2 10 HAREERRE ST o

EE'\ = E%ﬁ?ﬁﬂﬂﬂl + E;‘ﬁ% (4-51)
| REBF LA TR E R — 105 P 5 B 88 I BR R RS

H b5 HEE R RE Y B AR BE 77 B AR AR fa 0 B bR 2 AR 1 AT IR A
PRIV, BFE B An RN H bR @ MR IR IR . 8 L R 2

1X=Y (4-52)
W (X, Y) {ox Zy
X AFGMNE EFR, Y BARESLFHR. B HARERZRRTLLUE U
N
1
p= N; WX, Y) (4-53)

N AR Hbrfl & 5 AN FRALE RN, #2012 BARRAEEE . & CH PR
MO KA, W H bs R e SRR RS 5 R 28 & IR I TR Oy

p= Ziz1(Nipy) ;(N"p") (4-54)
j=1 Nj
p; RS H AR S TN Ja 1k i & B IR AR U O
HAr A A 1) H s A R 2 fe i KB a4 X BbngH . — ek,
M E AR RN T T IR X T 68 H I B R B B ARE B g, e A Bk
FHAY R A5 s 24K T a4 DX 380nT B8 HH 3 %) e R il H A 00 B i, P38 Ak &
H AR XA R I RUBE R I A B 2 A 520

4.2.1.2 iFTHESEAHIR

ITAES B AHE T Model 44F, WAL T P4 Button 212474842
H, f#H Transfer AFEFFHEERTHERSHE P BIR, H Ranger 414k
P2 H b5 2 (A7 50 1R (1 B o 2E A S0 1 4R A H B TR AR 58 I B 1
(1) [T S AR IR 220 B R« B IR E . 7 SE B A ) S R AR A A )
AR, RN AR T AP R B AR DT LA 25 5. HAnTseid 2
R AE AR XIAT R 2GRS, SR T4 R IE e e m]
WRHZ b ISR E 4-35 Fir.

83



JEHCH H R 2 T2 i 22 8 S

(FaespatoVES))

( ModeIIéH1'-'F )
|

[Button pAzREs [Buttorll B E%angelPickej Transf:eréEW?
(FFER) (BLH) B (Br5IFR)

B 4-35 FHASHAHLEND

\ 4

<ﬁ%¢ > IREVTAERS IR R IEIEsE | | FhEE IR

_’ [ S B ey
& \F 5B R sk SR B
L4
vk TRz | | REARDE || BEIR
= ARiER o AR
=IBA< I )=z £ I

IEPESBIEGIAE N 4-36 flos. IEPERIE TR 2 Jm Y AR
FERI R, AR eSS’ B ARER — WA R I ok, JF B
TR A SHAE MRS, bRl e IR L E R . e
PZEFE H bR, JFEFE HARERESHBE IR E RN 8], Je Gk B, HAREHER
KEERIEAAR i PR EH AR, AT LR 2 HArEoRmr, AFE HARKE AR
W B NAZ AT, I HAERIER ERAN AR REE, I HR S,
PERESHIR, BalAE G RIETER, KA A RS o SER T,
PR, REERERFIEE HAR ID SRKIESE G, Ja QIR — BN R 5
SEHIEAERE IR A, FE AJAX success BRI TR TS 2 data, LA HIEHE TR,
I HAREHERE B S ANMHAERN, I HRZOREAE i 2 5 50 HRUR e 72 mapv
Bz L, iR Batashit R R 25 MapV BREAT B H], B4 80

A %

HbpZped i i Fas. 7oy GBI XD  HEELRSE, H—1
scatter IR S, JFHAEW RoR AARR S &AL . e RAEEE, R
REHB X F A S B R B A DA TR AL T DAL e Bt B A, 4%
M RTERIE AT . R VIR S, MR SRR IR, BEE A
GG, RIEEACAS [F A R B . PR S, BOH i A
RN, EREZ, IF B EEREEER, I BRI E AT L.

84



FNE SHERRGEN SR SHMFSEH

Algorithm 8 Target Migrate Curve Render

Input:
The start point array of migration O.
The end point array of migration F.
The mapv curve render layder L.
Output:
The render migration curve set M.
1: for all 7 such that 0 < < sizeof(O) do
2:  lineDatali] := pushPoint Data(Oli], E[4]);
3:  curveDatali] := mapvUtilCurve(lineDatali]);
4:  for j = 0 to sizeof(curveDatali]) do
5: timeM oveDatalil[j] := pushTimeM ovePoint(curveDatali][j]);
6: end for
7: end for
8: M := pushData(curveData,timeM oveData);
9: setCurveFillStyleShadowColor(L);;
10: L < addDataSettoLayer(M);
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Algorithm 9 Target Region Heatmap Render

Input:

The matrix of point P. The Heatmap render layder L.
Output:
The render Heatmap set M.
set Nuclear Radius(L);
setGrayBuf fer(L);
set PointsWeight(P);
adjust Render Ribbon(L);
ajustIntensity(L);
adjust M aximun Ambiguity(L);
L < addDataSettoLayer(P);
M « renderHeatmapLayer(L);

S B A A
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Algorithm 10 Honeycomb point and region render
Input:

The matrix of point P. The Honeycomb render layder L.
Output:

The render comb set M.

1: dz 1= 3 * sideLength(P); dy = sideLength(P)/2 % 1.73; indent := dx/2;
2: zmin = X Min(P) — dz;ymin := Y Min(P) — dy * 3.0;
3: xmax = X Max(P) + dx; ymaxz ==Y Max(P) + dy = 3.0;
4: numrows = int((ymax — ymin)/dy) + 1;

5: numcols := int((xmax — xmin)/dx) + 2;

6: y 1= ymin;

7. for r = 0 to range(numrows) do

8  x:=xmin — indent/2;

9: if (r%2! = 0) then

10: x+ = indent;

11:  end if

12: end for

13: for ¢ = 0 to range(numcols) do

14:  p:= Point(P);

15: pX =x; pY =y,

16: x+ = dx; y+ = dy;

17: end for

18: setGrid Aggregation Render Ribbon(L, P);
19: L + selGridFeildFrameStyle(L, P);

20: M < renderCombLayer(P);
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