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5D World Map System D</LTF/INT A —HK « v v v 77— RN

A AR & 2 D 7 o — NV IBREE T O s

Analytical Visualization of Multiparameter Sensing Data for
5D World Map System and Its Application for Global

Environmental Analysis

xR NIk, TEAR R

BEE

AR TlE, 5D World Map System & BT D BAFARIAIRRANE S AT LDT2HD, ~/LF /3T A
— X =T AR NT AT MR E GRS TR Y U T T — 2 BT - AL
TLHER IO L . £ OFERREMIEEE 2R T 2SO TR~ %, 5D World
Map System O ERFHHIL, ZHMZNBREEZFLAT 4 77 — X 5t e LT, FAHOHEE -
BE.C « LR & REZE G O A G R U CL B REZE AN 36 K OVE R BRI 217\,
SZFELFIRFRIZONTORA M=V — (FRIR) ZEMAREL T 582D, IBIZ, 74V HL
2 EDv Y T T =R A NR=LEE LD~ TF AT 4 T LI LIEH - ARSI
LI OWEIE T 7 v b7 4 — AL LTHIET 28100 & 5, AFE Tk, BIAEM7Z2 (1) KE,
KRRE, THEREDVALT RITRA—F o —F—% BILOY (2) A HEORRKEE=4
VU TRABATIZEVRGSND~ LT AT VB IO RGB BT —# &#xt5%s LT, 7
O— VBT U U B ARET ALK, BT X A SEEICE L, KSR
BIRPLCBRIEICE X DB L BERE LTI VX U 7T 5 5 kETRT, ZNLOMEEZHWD Z
& T, ERHIID D EE . — R R OO BE LY T A E A Lo TS
— X EA L, BN LIEHUEREIC L > TT U7 T L, BB EITRM R BREA (LA R
ML, ZTORREEZRRIIMK B, 7203, SREE A ET L N TED LD
(272 %, AGiHT - AIBERERE ORI, (1) BUERRBREEE L~ L& | FERMZS— D A%
THHFCTEX D LEEIIHEOY v ML - TEMM B/ EHRICEKR L, (2) #HHRTo
BEH RO — NV IRBREE V7T — 2 B RERAIM AR E T — U AT T &
HRIZH D,
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1. XU ®IZ

BUE, 7 — 2 VA = AXEED SDGs (Frige TREZ2 BHIE B AR) 2R D 72D Dt FELE 3B
WRIJEH SN2 2H 5, 17T ODFELE 169 HEDZ —5 > Fd 2030 4 E TOFEBUIMIT T,
Evidence-based Policy Making E W9 a7 hDd & A2 BER DR E B SENEN OH)
Wr, BifT SNTmBOROFHE R EIoT — 2 A U ANERHESNE S E L TWb, Tk TilE
RHEMEDOREERINZEE SN T STV BEERE OB EREOREN, T —F A =
VAEBMETAZ LICLY, mETURICHESWTERES N, TOBRIFEICOWN T HEHE &
NHRIUCD D

AR TlE, BEAERRAERL « 357 - BIES ZT L TH % 5D World Map System[1][2][3][24]
2B D, VT IRTGRA—=H v T — DN - AIEIERE, BL O T O 7 1
— 7 VERIRAFSE « BB ~DOICHIZO W TR T 5,

INFEFTRELFOSFICENTI, BENEICEI>THEN B =T —FZxt5 L L
T, xRN FEBIOREET Y U 7B S TV 5, B LF 0555 Tl
BDORIE L2 —ARAZT 4 DT TN D00, ZTOHHHERDE L 1Ene — D IVICRE
LTHY, B TENIN TRV ORZ W, — T [EHRIBEEIFO S Clk, @mE 72 H
FRIEH S AT I (GIS) R~ NTF AT 4 THEYV AT APMERR S, WKWk E 70— 302
a - WHET220DIEHANEEI LTS,

5D World Map System [1]1[2][3][24]1%, ZHDO~NLF AT 4 75 —x (CE - Mg - Bl -
T - BEh - HBRT — 2 %) 2T - o - AL T D 7o OFEMERE A A T D haR i anEkdt A o
AT L THY . HIX - HESBREBLIH - S5 - nTHME - FnRk3 A & FEBLT 25 5 or it Ut o 2 7
LATHDH, RUAT LML, AR -HSRERE VT AT 77 —F E&fMRER V7T
—Z & VT NE A LDOKRER) « ZREBNCKREREZ o 72 2R e B~y B 7 L, T—
4 W ORFZE P BEEF R, USRI ZE S5 R, R L EFHEIC X 5 BBV R T R4 EB
THZELIZEY ., Fe— L HRITBIT A E - Hildk - BT O 2R FRDMED Hl AT A vl RE
THLTEINERDIN L AT 22 EHT O TH D, TOIGHEMIT, ASCHEaR#2] [12]
[13] [14], B3fbar B a—F 0 7[9] [11]. BLOBRESHr[10] [15][16] (17112 K .55,
FRIZBRIEDHTO% A, KRV AT LOREZ. VT VEA Lty v 77 —2 O5Hrikae &
WALEHREICH D L 525 (3],

AFaTiL, 5D World Map System D~ /LF A5  7HA « alfALMEEER LN T2 A4 Ak
U F— SRR DS DHEIT LY . T u— S VBREESHT & B IREEERAIE O SRR R
HBEIEIIEMN T 2 FEERNT 5, Bt 7 —21%, (1) KE, KKE. HEER
EOYNFRG A= « P —T—4% BIW (2) VAVHBORET=XU > THIATIC
FVERBENDYNTF AT MUVBLIO R BT —% Thbd, b7 —XEx5GE LT,
[(Ta— VBT VX 7B 2RETHIEICED, BT — ¥ 2 SHEICEH L, Kb
DEEIRIMSCEREIC G 2 D BEEWRE LT T X /355N MiEE ~d, Z OMEL H

W5 Z LT, DY T— b= R OREM AN SIRE LY TV LD
34



IT =R ak Gl LT, BIRLIH R UREEIC L > T 7 L, BE B 23R8 RE
b z2Bm L, £ Of Rz R RIIMEK EICFR, £700E, mASS~HEXET 5 LhTE
L& 012725,

ARFFEDOE—DHINEL, A "= 0 PNy AT 5 (CPS) [6][7T] 8] v 7/ —MLE-
T Faxz—ar (SPA) O7L—AT—7 ST, By ST — 2 OoHER%Z 5D
World Map System [ZHiAT 52 & THDH, CPS OHFIEIEFTlX, SPA 7 L— AT — 73RO X
INTER SN D,

“a scientific and engineering CPS discipline should advance the conceptualization
and realization of future societal—-scale systems characterized by: (a) deep integration
and pervasiveness of real-time processing, sensing, and actuation across logical and
physical heterogeneous domains; and (b) systematic analysis of the interactions between
engineering structures, information processing, humans and the physical world.”[8]

5D World Map System %, T SPA 7 L—ATU—7(CHS& RV V7 BESHT. 8B
b RE S L BREEBIG 2 W BRZE [ (BR2E ) WO R T — 2 & & L TR L (Sensing) |
EWMZERIC~y B 7 L, Al BEREL L THRITH) - BRI Ea—7 4 7 24T

(Processing) . KRIRBIRI L ORBIZOWTER SRR 2 R LR B & LR Mt
(AR - 2T D (Actuation) BEREZFEBLL T2, HAEMICIE, By v/ F—2D U 70
LA LI EFEBRT L5720, B0V E— ba—FRHERPOERM AN OBS L) T F
ALDE VT T =B AT N ETER UICEEFIEC L > TofRi b2 9271, &
WBRARER - B L, FERIIMK L8k L, otk e 22— ok ~7 7 —h & LT
FET D,

AWZEDH _ORMZ, vy I T =2 O v~y T 4 v 7 e ara—T 47
(1] [4] (Bl OME&EZ T2 Z LIk | ILEBRFENFTROTZD O LWEBIRITT — 2 0k LU
FERIEH VAT LB EBT 52 Ei2dH D, 5D World Map System D3y RIfALIREIC 2~
TA YT A Ea—T 407 AT AHILICLY, THRREZZ(M S HHEEREREN
SRR SAL, RIFOR SN EEER T, THRREOZ S L THRoT UM LTS
H - B R bRk En D) (1] 2&ERD,

BREZ 0 Hr&1E. 5D World Map System 0 SPAREREZTEM T2 Z LI &V, w— /L EREDIRDL
DG L Z O OMFHBTORE - o, BI O, "IHAKIC L 2877 72 E BRI o SRR 81
W - S3HT - AL - R S FTRE & 72 D

2. Overview of 5D World Map System

5D World Map System [1][2][3][24]1%, HARREICETLZER~NLT AT 47T —4% (B
BEME » ala=T7 4 _X—2A02—WFNEHE - BT 2% - Bl - F5 - SCERD) B B &
W, FHREE 77 —4 OKE, LEE, BRE, BE, K&, Z=9 - K UAV/UY I X

LEE - <L F AT hOVERE UV/IR/TIR Bifg%E) 2R E LT, &7 —Z HOEKRR « 5
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ZC IR REENE . SIS EIFESY . BRI L BIC O W T Y T X A LITEE - ST L. FDZE( L
e R FRWEICBET 2 iR (1 ROTICHER SN EROIRIT) (22T, 2 f -
Fo R (4 %kot) RIS 23 AT ATH D,

ARUAT BE, ZIVET, BHARENEE (R KRFET — XA = R, BERPR R
F e AT 4 THIZEEL) & UN-ESCAP @ Environment and Development Division (EDD) ¥ KT8 ICT
and Disaster Management Division (IDD) & @OHL[EIAFZE7' 2y =7 MZEBWT, SDG9 (LU
T MNethEA v 7 TEAE) . SDGLL (RFeftrlREZe £ H-5< V) | SDG14 (VFEE L rEE TR O LR
i) SRR D RE R VT ST FIRUE - E %97 5 A7 A & L C UN-ESCAP SDG HELP
DESK |2 ST 5 [25],

5D World Map System DFHHIZ. ZHINANEBZEDAT AT T —2%/NRE LT, FIHED
B - B - H & PRSI A G DR ITIG L T, B, LKA ERICOVTOR T
— ) — (R ZAKATBEL T2 ICH 2, £z, 74V ANEREORY Y v T =2 %54
N—ZEE EO2VF AT 4 T LHICLER - ERICHNT T 2 -0 D@7 7 v b 7+ —
LERHELTWEHICH D,

5D World Map System @ SPA #¥HE# Figure 1 1T/RT, BREER L 07 BREESHT. BREEmI{i
{bHREZ M L. BRIEHIG A WBZE] (FE2E0]) NOET —F &L L TR L (Sensing)
HMERIZI~y 7L, Al BRE & L CTHITH - B a2 Ea—7 0 U 7 24T

(Processing) . RIREIMRE L OEEIZ OV CEHA SN R 2 R R L I EEMES
(ZFAE - 295 (Actuation) #EREZFEHLL TV 5,

m Processing (+ Visualization)

50 World Map System |
0 e

g ‘Analyti . =
. :q I -
I = -
B s
------------------------------- )
Alert DlE
bl

Figure 1 Overview of the Sensing—Processing—Actuation

function (SPA) of 5D World Map System [1][2][3] [24]

5D World Map System @ FEZE/RHEREIZIRD 6 HERETH 5 1. Cross—topic multimedia search
by semantic similarity calculation, 2. Multimedia database overview by spatiotemporal
information, 3. Media data uploader for multi users, 4. Differential computing for
spatiotemporal data, 5. Historical—geographical information visualization and 6. SPA
function. AHFlZ, SPA FEBEIZOWTIX, KD 4 SOH THEEN - T 5 1 (1) Real-time

Tracking for sensor data (S), (2-1) Semantic Computing for sensor data (P), (2-2)
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Differential Computing for sensor data (P), (3) Analytical Visualization for sensor
data (A), and (4) Real—time Alerting for sensor data (A) (Figurel), ZiL5H DOMEHERED
ERA L FEMIL, SCEk[2] [3] [24]ITdk R BTV D,

F7-. SPAREREEL [/ m— VBT % v VB L OBSEE% Figure 2 123

m Processing Actuation
Multi-parameter Environmental Standards
m foec) /. SDWorldMapSystem
(SN 5 World-wide Evaluation
Drone Drone 5 e
(uav) (uuv) =
e ,
i }
a
aa
Real-time Tracking
Multi-layered Visualization
=
S ang=!

Figure 2. Overview of the relations between SPA process and

the proposed “world-wide evaluation” functions [24]

3. 77— NVEREET 5 v TR

AT — VBT X VBT, AT RTA—H k=TI b HEE SR D

BIEELE WO BRNPBRIEZ Db O~5.2 58 THEK) & LTERT D, REEOREIT,
(1) BRI ZRBREEE L~ L% | EHFAZRR— KD ANA THEETE 5L EITHFEOE v M
Lo TEMN B/ BEW/MRICERT 22 8, BXO @2 ) AP oS RO~ LT T
A—=B v T2 R E LT, BRI TR Z %0 7 ) a3 5%
BIZH D,

3.1 =NFNRGRXA—FERIEHYE

BREE LSO By TRER T~ & HE D OPRERA 23 0 1 D1, K%, KE, KK]E., HEE
IR ERFHIT AR, TEERERE] L S A IFIRESFET 2 b 00, FEERICIEE/ MR & o
BREEEMEN ZARITAEAE L, BREGHIIC W T, HRAKER T HO L 5 I HEMIZ i T & 220
BZH D,

S BT, T B E/ IR OREREEITEE AT A —ZXICLVREOE LV EEHRLTND
7o, —MAN - FERMARNE T A =2 FHE 2Bl T 27200 TIIEER RN 2 HIr+ 5 2
CIINEETH D, T2 & 2T [EEMIT AR, KUE, IRE, WA, B, BFRERSICK > TR
ESN, KEITEER, RIRWRETEY., 5. Ph, BE, I8EEE, 7o =7 ., RIBERE. 1k
FWEEA R Y, KEEIE 0, So2, NH3, NO2, Pb, PMIO, PM2.5 7R EFDOfHIC L » TEFS
W5

[E] /M OBRFEILAEI IS\ T, SRR OKE - RXHE - £ERY) OB, &
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BD/NT A —=ZEDOFIIZA > TWENENIT K-> THBr S, TRBIF (Good) | . [+4
(Satisfactory) | . [HFEEEIZIGY: (Moderately—polluted) | . [ARE (Poor) | . [IFH
IZARE (Very Poor) | . [HEFE (Severe) | EDE L~V L L THIESND, K VEEME

W]E LTI, AME~OZEN [BHET AEFE~DEE (Associated Health Impacts) | . [—
WY 7o EE~D 2 (General Health Effects) | . [fEEE~DEZE (Health Tmplications) |

ELTHRREND, BIZITRAREDOSGE,. RAVERE (Air Quality Index: AQI) (X, #7 =
U (LoL/HPR) &2 BAF (0-50) | +27 (51-100) , FHREEEIZHY: (101-200) | Gy (201-300) |
FEFITHY (301-400) |, HE (401-500) LEFRIINLD, I HIT, +47 (51-100) @ [BH#HT 5
PR~ DR 13 THURAR NI ORI AR 2 5] S 2 aTeetEns 5 ) | PREEE DI5YY
(101-200) DZAUF MR 78 & DR EZFFO N2 IR O RNRIEZ 5 E 8 2 U, OlE 2 FF
DANx, FHB L OEBRE ARG S E TR S 5] L5 [25],

Table 1. Example of Multi-parameter Environmental Standards and the “semantics”

(Water—quality standards)

Parameter
Standard ID| Total Dissolved Semantics
Conductivity |Solid (TDS) Salinity |[pH Turbidity

FAO001  [0-699 - 0-0.5 - - Excellent for drinking and irrigation
FAOQ002  [700-2999 500-1999 0.5-1.9 - - Slightly saline to toxic
FAO003  [3000-100000 [2000-100000 2.0-10 - - Severe for irrigation
JO01 0-249 0-149 0-0.14 - - Low toxicity for crop
J002 250-749 150-499 0.15-0.49 |- - Toxic to sensitive crop
J003 750-2249 500-1499 05149 |- - Toxic to Tow tolerance crop
J004 2250-100000  [1500-100000 1.5-10 - - Toxic to highty tolerance crop
E00T 0-1499 0-959 0-0.9 - - Excellent for agriculture
E002 1500-4999 960-3199 1-2.9 - - Very satisfactory for agriculture

Satisfactory for agriculture (livestock) and poor
E003 5000-7999 3200-5119 3-4.9 - - for agriculture (poultry)

Poor for agriculture (livestock) and not
E004 8000-19999 5120-7039 5-6.9 - - acceptable for poultry
E005 20000-159999 [7040-10239 7-9.9 - - Unfit for agriculture
E006 16000-100000 |10240-100000 10-100 - - Risks and Toxicity for agriculture
J010 - - - 3.0-349 |- Effect to fish
J011 - - 3.5-39 - Fish can survive in few hours
J012 - - - 4.0-449 |- Lethal to salmonids
J013 - - - 45-49 - Absent in all fish frogs and insects
J014 - - - 5.0-5.49 |- Most fish eggs will not hatch
J015 - - - 55-5.9 - Becteria begin die and planton begin disapear’
J016 - - - 6.0-6.49 |- Absent in freshwater shrimp
Jo17 - - - 6.5-8.19 |- Optimal for most organisms
J018 - - - 8.2-8.9 - Begin harmful to fish
J019 - - - 9.0-10.49 |- Harmful to salmonids and perch
J020 - - - 10.5-10.9 |- Rapidly lethal to salmonids
J021 - - - 11-115 |- Rapidly lethal to all of fish
HO01 0-29 0-199 - 6.50-7.99 |- Opimun for industrial processes
HO002 30-49 200-349 - 6.00-6.49 |- Slightly corrosive, scaling and fouling
HO003 30-49 200-349 - 9.00-9.99 |- Slightly corrosive, scaling and fouling
HO004 50-119 350-799 - 5.00-5.99 |- Moderate corrosive, scaling and fouling
HO005 50-119 350-799 - 8.00-8.99 |- Moderate corrosive, scaling and fouling
H006 120-249 800-1599 - 4.00-4.99 |- Hightly corrosive, scaling and fouling
H007 120-249 800-1600 - 10.00-11.99- Hightly corrosive, scaling and fouling
H008 250-1000 1600-10000 - 0.00-3.99 |- Unfit for industrial processes
HO09 250-1000 1600-10000 - 12.00-14.0(- Unfit for industrial processes
W001 - 0-199 - 6.50-8.49 |0.00-1.99 |Opimun for drinking
W002 - 200-599 - 8.50-9.12 |2.00-4.99 |Hazard and chronic toxic for drinking
W003 - 600-1000 - 9.20-14.005.00-10.00 | Unfit and totic for drinking

*References and Data Sources:

1985, FA0. [18],

CSIR Environmental Services,

FAO IRRIGATION AND DRAINAGE PAPER, 29 Rev.

Standard ID “J001-021":

1, Reprinted 1989,
Johnson,

Calculators; Vernier Sovtware & Technology: Beaverton,

R. L.

OR, 2000; pp.

38

South African Water Quality Guidelines,

Holman,

Standard ID “FA0001-003”: R.S. Ayers and D.W. Westcot, Water quality for agriculture,

1994, Food and Agriculture Organization, United Nations

S.; Holmquist, D.D.,

5-1 - 5-11. [19], Standard ID

Volume 3 Industrial Use,

Water Quality with



[20], Standard ID “W001-003”: World Health Organization, Guidelines for drinking-water quality [electronic resource]:
incorporating first addendum. Vol. 1, Recommendations. — 3rd ed., WHO Library Cataloguing—in—Publication Data, 2008.

[21].

Table 1 |X. KEIZEHT D~V T/NT A —ZEELEOHITH D, xR ERE - [F/ ks i
He[18]-[21] B AKEHMFIC L » THIRE iz, KEL UL & AE « BBEA~DEZEIZONTO
—EAZRL TS,

3.2 ZRITFEZEM

HITR LI L DIT, BEEERORBIL, NT7 A —FHOHFIZ L > TREH L~ L E L
TR S, K FEMAR AR - BREE~DE L W I TER) & LTRtEn s, LR
ST, BT A—F—HEBEROBOBMRE I Z FHE T 5 -0 OFB22HIT, BRI
I% Figure 3 D L 9 2R S5, Figure 3 ITRSNAKEOHITIL, =27 F A~ (G, 8
B, f, BERE) OFHMBEAEORFIX, BET 20 (=37 A —% (FEFE, Hs. DS,
Ph, HBER L) Lo TBRENDEZ Y T AR—2D V=] L LTHRBEEND,

Conductivity

DO
Salinity
Turbidity

WHO standard
for drinking water

TDS

Jhonson standard H
for Fish p

Figure 3. Intuitive Image of Multidimensional Semantic Space

for Environment Analysis (Eg. Water—quality Semantic Space)

3.3 SR FMiRE%k

RK7a— VBT U VBT, Yo T s —a Yy 7 A L. & E/ o
FEAE ST IEWVEREEE O B O#iHA ERT H, T2 TIEI Nk, Semantic Range (SE)
LIRS, & E/ I O/ DK T X — Z OR/MEIY Sk-min L L TEFRS N, KA
SR-max & U CEFHE SN, FEIMEIX SR-mean & L CEFREND, HFIELLT, HDH3T7A—FD
PIEMEILE L-IVIZE A, O A= EITE L VIZEENDL I R HDH, ZDL IR
B ENET 5720, 77 V—EGHHO—FEDO A L N— y TR E T A —F T LITRE
45, Table 22/ R"T LI, HlEDO 7 7 o—t > FEFHIL SR-1lowest—1imit & SR-mean 225
OHIPAE L TER I, BIEDO 7 72—t » NEaPHIE SR-mean & SR-highest-limit 7> & D#i[H
ELTERIND,

m¥, 77 V—HEAEHROMEEDOEF AL, &NT A —ZEOFZEHLDOEF & LTERS

o,
39



Table 2. Definition of fuzzy—set interval and the membership function

Definition Weight
SR—Ilowest—1imit 0

= SR-min — | (SR-min — SR-mean) |
SR-min 0.5
SK-mean 1

= (SR-max+Sk-min) /2
SK-max 0.5
SK-highest—1imit 0

= SR-max — | (SR-mean — SR-max) |

Water Quality for Fish standard ) gg’g;g E_ﬁf‘ctmﬂSh RIS
D .5-3. ish can survive in few hours
Uohnson, R.L et.ab DU 4.04.49  Lethal to salmonids
ey 4.54.9 Absentin all fish, frogs and insects
- 5.0-5.49 Most fish eggs will not hatch
Weight — 5.55.9 Bacteria begin to die and plankton begin to disappear
1.2
1
0.8
0.6
0.4
0.2
0
2.4 2.9 3.4 3.9 4.4 4.9 5.4 5.9 pH

Figure 4. Example of membership function (in the case of

Johnson’s water—quality standard for Fish, where only pH

parameter is used)

Figure 4 (%, Table 1 (J001-J021) ZiC# &N TV 5, FEAB OO OB 72 /K E 1
EEHETAHIEODRA L N—2 y TR OB E R L TS, AFEEREOZDOKE L VT HE
INT A= D pHIEIZ L > TERINTWATD, TOEWHLE—/ T X —X OEIZ X - THWr
éhéo
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‘ FAO standard for irrigation > 0-699 “Excellent for drinking and irrigation”

700-3000 “Slightly saline to toxic*
Welght === 3000-100000 “Severe for irrigation”

“\max /,/”/
;\-f(—' max =100000
min_
— » .
-1000 0 1000 2000 3000 4000 s000 Conductivity

(a)

‘ FAO standard for irrigation —— 0-449 “Excellent for drinking and irrigation”
+TT* 500-1999 “Slightly saline to toxic*
Weight “=== 2000-100000 “Severe for irrigation”
1.2

— max =100000

o
500 0 500 1000 1500 2000 2500 3000  1DS
‘ FAO standard for irrigation “— 0-049 “Excellent for drinking and irrigation”
Tt 0519 “Slightly saline to toxic*
Welght 77 20100 “Severe for irrigation”
1.2
1 e [}
VS
ﬂ N
0.8 i N

&

=3

.6

mnja)t \
mi "\
0.4 a)< ‘mm max N
{ N
\
\
\
\
/ l \
L 4 s

e -
5 5 10 15 Salinity

Figure 5. Example of membership functions for multi—parameter
(Eg. FAO’s water—quality standard for Drinking Water): (a):
Conductivity, (b) TDS and (c) Salinity

Figure 5 (%, Table 1 (FA0001-003) T SN TV AEEKOKERED B EZFHE T 57
DD IVFIRT A =B DA =2y TR OFIZ R L T D, BEIKOKE L-~ULiE, 337
A—ZEOFP (EER, DS, HY) ICL-> TERSNDTD, TOEKIL, F/FA—FD
HE/RA Y FOGFHZ L - THEIND,
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3.4 FHEFGR

Table 3T, Figure 5 O A /=3y PRI AME ] L-SHRAE R OB 27, BARRY7R 7 —
A (Ideal Case) . 7—A1 (Case 1) . BLOr—R 2 (Case 2) DWEEINLTW5S, FIEA
7R — AT, KXT A —ZOREMIZ, At THD SRmean ERILTHDH7-0H, EHIE K
A o« EERRICEIL TS (Excellent for dinking and irrigation) | 12X+ A4RA 2 b (=
HE) 1X3.0THY, [8H - FEMICENL TV LHiEnD, —FH. 7—A 1Tk, ST A
— & 1 LT A =4 3 OREMEIL SRmean LRI CTH DA, /NT A =% 2 OEIT 558576
=#MEH Y (Slightly saline to toxic) | (ARA > k= 0.6) @ SR-min 7>& SR—mean OHIPHIT
BENTEY ., o T8H - BEHCELTWD ] (KA h=1.0) OSSN THD, Lo
T, A - BB TWD | OFFHRIE. A THWD ] SHIENTHL 500, 2.01
KTFLTWD, JEIZ, 7F—R 2 TiE, /37 2A—% 3 OWUEMMATELI TR - FEMICER T
W5 (KA b=0) & T5ESPLEEHV] (R bk =0) OfPFSNTHL-D, 8
A FERCERLTWD t) & TR OEES Y ) OFFARA L R 1.0 L 0912 L, #E
Bx EREIZIIE A IREE (Severe for irrigation) | EHIEr=iLDd (KA v k= 1.3) ,

Table 3. Examples of Calculation Results of Semantic

Computing
Point for
Parameter 1 | Parameter 2 | Parameter 3 |Semantics
(Ce ivity) (TDS) (Salinity) |(Sum of Weight)

Ideal Case [Measured Value of Parameter 350 250 0.25
Weight of Semantics |"Excellent for drinking and irrigation" (FAO) 1 1 1 3]
"Slightly saline to toxic" (FAQ) 0.3 0.35 0.5, 1.15
"Severe for irrigation” (FAO) 0.1 0.1] 0.1, 0.3,

Case 1 Measured Value of Parameter 350 750 0.25
Weight of Semantics |"Excellent for drinking and irrigation" (FAO) 1 0 1 2]
"Slightly saline to toxic" (FAQ) 0.3 0.6, 0.5, 1.4
"Severe for irrigation” (FAO) 0.1 0.2] 0.1, 0.4

Case 2 Measured Value of Parameter 350 750) 6
Weight of Semantics |"Excellent for drinking and irrigation" (FAO) 1 0 0] 1
"Slightly saline to toxic" (FAQ) 0.3 0.6, 0] 0.9,
"Severe for irrigation” (FAO) 0.1] 0.2] 1 13
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Figure 6. Visualization of multi-parameter water—quality,
soil—-quality and air—quality values in multiple cities (Surabaya
— Indonesia, Riga - Latvia, Pori — Finland, Fujisawa, Japan and

Honolulu — Hawaii, USA) in 2016

4.2 =IVFRT A —ZEORRFI AL

Table 41X, Y /VFNRIGA—=F - B 7T —F DT —ZEHZ R L TWD, KB,
B /RG] 50T, R RS B RO RRERITS U T A =24 L LTERSIN TN D,
ZORIE, AL RRTT ONYMNT o3 — L OIS 381 DR O FEEO KR E A
Dz RL TS,

Table 4. Data Structure for Visualization and the Example of Measured Values of
Multi—-parameter in the real situation: Water—quality values of deep—wells in multiple

points in Denpasar, Bali, Indonesia (Jan. Ist, 2014 to Jan. 2", 2014)

Date Location Latitude |L itude |pH Temperat/ TDS [Fe CaC03 |Gl NO3-N |No2-N |SO4 KMnO4

2014/1/1[Renon Denpasar ~8.67189| 115.23216 6.8 219 405] 0.101 2107 69.3 4.481 0.0265' 301 3.505
2014/1/1]J\. Gatot Subroto Denpasar —8.63262| 115.19334 6.4 219 547 0.092° 2499 619 0.0565] 00585 3.445 3.505
2014/1/1[Sanur Denpasar ~8.70783| 115.25655 7.85 27.9] 412305| 0.1015] 53655 17355| 0.1015 0.043 761.5 18.31
2014/1/1|Sanur Denpasar ~8.67415| 115.26076 11 219 976 0.358' 3234 5943| 0.0475 0018’ 17.65. 271
2014/1/1|Sesetan Denpaar 870895 1 15.21742| 7.3 28.9 536.5 0.0575 161.7 84.25 0.0635. 0.0175. 1.13 6.23
2014/1/1]J1. Hayam Wuruk Denpasar -8.66363 115.24ﬂ| 75 279 464 0.0855 257.25 54.45 4.2575 0.0055 2.835 5315
2014/1/1]J1. Melati Denpasar —-8.5931| 11523042 7.4 28.6 4585 0.08 2499 619 4.443 0.0065 3.355 54
2014/1/1|Denpasar -8.67799| 115.20286 7.4 289 444 0.0025 269.5 718 1.4975 0.079 1.73 6.21
2014/1/2|Renon Denpasar -8.67189| 115.23216 6.8 279 421 0.074 2156 69.3 4278 0.013 3.05 3.34
2014/1/2|J1. Gatot Subroto Denpasar -8.63262| 115.19334] 6.3 279 586 0.172 2352 545 0.063 0.033 3.29 3.01
2014/1/2|Sanur Denpasar -8.70783| 115.25655 7.9 279 49464 0.118 5537 19016 0.081 0.046 778 2164
2014/1/2|Sanur Denpasar -8.67415| 115.26076 7.1 279 899 0.327 294 5943 0.056 0.013 15.83 2.89
2014/1/2|Sesetan Denpaar -8.70895| 115.21742] 7.3 289 540 0.056 166.6 794 0.069 0.032 1.1 6.23
2014/1/2|J.. Hayam Wuruk Denpasar *Bﬁm 115.24%‘ 75 279 449 0.069 240.1 594 4.022 0.005 2.65 477
2014/1/2|J1. Melati Denpasar *8.59311 115.23042 7.4 286 469 0.108 245 64.4 4.405 0.004 3.4 549
2014/1/2|Denpasar -8.67799| 1 15.20286[ 7.4 289 429[ 0.002 2548 743 1.507 0.046 1.22 6.03
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Visualization of multi-parameter water—quality

Figure 7.

values of deep—wells in multiple points in Denpasar, Bali,

Indonesia: (a) Jan. 1st, 2014 and (b) Jan. 2", 2014.

Figure 7 (. Table 4 OAHLAER AR L TS, FERFIELESE R, 2014 4E 1 A 1 B0 D
2014 4E 1 H 2 HIZHT T, 58T A—% (N02-N) N, 1FE A EOHETHD L THWD LD
D, NADZNRFHIBTHEIML TWD Z &R0 5,
PLEDOFERIZE YD . R TFRT A —ZERERFI A EREREIC L 0 . FrEHikic R %
T EEHE COBREBISHATEL 2R LTV,
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4.3 Tu— 2 NVRES UX U TEBICK BNV TFRT A —ZERHL

SEIT/R LIS RINEICE SN T, 7 u— VBB T % VT BIIE, ~ v TR T A= F T —
X DEMIGHE & Atk 2 32813 5, Figure 8 1%, ~ /LT /3T A — X AE AL D FITHI %7~ L
TW5b, ZOFITiX, = —32 Johnson’s standard for Fish (J019, Table 1) &\ 9 [EFRE:VE
TEFBINS [V L AXFICHE] L) SELBIRT 5 &, VAT A28 RS FHEBIKIC K -
TRESNIZARA v Mt-> T R T o 07 LT 22 TOREDOEF, Bff, BXO
FEOREMZBEIETHERRT DL ENRINTND, ZOFERIT, AP OBEEM S OEME:
NAFRGA=BR v ARG E LT, kv T4y s arEa—T 4 LIRS T
RS 7 ) REREE 0  RUATFT LN T —H VT —Z D7 a— Ll | 2 F84 50
BEEZ R LTV 5,

lo ADMIN! (Admin) Logou
Search | Overview | Upload Data | Crawler | My Data | Sensor Tracking || 'Data Analysis

Categories

O]+

User Databases Kokemaenjoki-1

!!ALTIK SEABAY
EURE? h% o)
Multimedia type 3

ASIA

From: 2016-01-01 00:00 Fv“, 'vu-l-n

To:  2017-02-16 20:20 AFRICA %_ 3§.g
ES

View Data Mapping
< | 2016/1/10:00:00

Unit by
Single Parameter World
Ranking
Environmental Standards

adin Esri. HERE. G NGA, UsGs [Lexifl
Ranking * Location = Date Value
1 ALAWAIC 2016/3/27 0:00:00 8.8,27.79,27.4,0,0.0,400,0.0,0
2 HANAUMA BAY 2016/3/28 0:00:00 8.69.28.35,30.9.0,0.0.910.0.0,0
Hamiul to salmonids and per 3 ALA-WAL 2016/3/27 0:00:00 8.55,30.33,27.8,0,0,0,900,0,0,0
4 Kokemaenjoki-1 2016/6/19 0-00:00 10.99,17.18,0,0.0,0,22,0.0,0
Search 5 BALTIK SEABAY 2016/6/20 0:00:00 8.48,23.47,5606.67.0,0,0,150,0,0,0
[ ALAWAIh 2016/3/27 0:00:00 8.44,29.64,27.4.0,0.0,1000,0.0.0
Overlay KML/KMZ file(s) 7 ALAWAI-g 2016/3/27 0:00:00 8.43,29.08,20.2,0,0,0,1100,0,0.0
8 NUUANU-ST 2016/3/24 0:00:00 8.42.25.32,9.34.0,0.0.340,0.0.0
9 ALAWAIA 2016/3/27 0:00:00 8.41,30.58,27.5.0,0.0.670,0.0,0

Figure 8. Example of Multi-parameter—value Visualization for
Semantic Computing (Selected Semantics="Harmful to salmonids

and perch” by Johnson’s standard for Fish (J019, Table 1))

4.4 Tu—rVREI VXU TERICE DTV IANRT A—ZERHHE

7a—NVEREET VR TR, v AT NG A —F T HEOBERFET T Tl AT
ar OV TR E LTI INART A=ZEOWHR T o x o F ORI L RIS 5, Figure
91X, =T A—ZEOFHULOETREROFZ R L TN D, —H0 TTDS] 72 EDH—
INTGA=BERIRT DL RUAT 2L, B, Bff, BEXOTXTOVA FofEo TR
X7 ERIATERT D,
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Figure 9. Example of Single—parameter—value Visualization

(Selected parameter="TDS”)
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Figure 10. Example of a layered visualization of real-time

UAV image mapping and multi—parameter—value visualization: (a)
experimental results of real-time UAV image mapping in Latvia
and Finland in 2015, and (b) layered visualization of UAV image
mapping of Chao Phraya river basin and water—quality data in
Bangkok, Thailand in 2015

5. ftinm & AR DRE

SDGs (ZHIT & DAL WIFRBE O fRYIZF5 1T 5 5D World Map System OEMAE LTiX, v—7h
VIRBRERIRI A M5 L (Sensing) . £ 6 &L RTZER O T > 27 & FICER L, HPR
By, REEIRY, ERARUOTOBMEIZ LD | MEOREFR EBUEOESR (H 2D WL, MGHugo
FHG L OFES) L OHLIME, MBI, ERMOFEICLY | BEORKFS L DHEIC
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CRAETHBREFEGOTH) 217\ (Processing) . £ b & HEFIRB O HIX FCrififl (&
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KF1Z, 5D World Map System % iV 7= SDG9, SDG11, SDG14 (ZB§9" % UN ESCAP & D 4L[RIAfF5E~
mYx7 M256][26]1%, BREEA - KELWIBIGZDOLOTIEARL, BB HE2E~5 2
LD [EW) 22T aHT « TRIT 2 8ICF 8 & 5, BREZ - KFITR D EH DK
JG. ThRbL KEFEL-LONT A—F GRE, Yok, TR ARG & WEgE
HiEE (177, 94754, ¥EF, @W%E) . A7 47 G, 7B, SNS) | thafk
BEHA 77 2 (NA, A4, B0E) | EE - R (L5, Wik, VY774 F=—2)
&V o T2 B IRTT D 8972 04 % . Z @Ry I AL E T (Multi-layered Visualization) 128V |
HEK[GER K EF I ek - X OFrES, LU = MRS LB NRYER - T
BRI EOBRN R E XIET D, A7u Yo7 MI, TROHABN SR~ X DHED
BRSSO E L CEBLN - BHOMICEBE L, HETARTEZEMRHRERIZE ST
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