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< SUMMARY )

The objective of this study is to develop a system that can acquire topographical
information and water quality informationaround inland water. In other words, it is

Purpose & |possible to generate three—dimensional spatial information and to acquisite water
Contents quality informationin a short time using an USV(Unmanned Surface Vessel)
equipped with a water quality sensor and a multi-beam echo sounder, and an
UAV(Unmanned Aerial Vehicle) equipped with an image sensor.
1. Development of hydrologic data acquisition system
- Improvement of robot ship
- Development of water quality measurement system
- Development of underwater topographic database system
2. Implementation of unmanned aerial vehicle system
- Implementation of unmanned aerial vehicle
Results - Implementation of terrain information acquisition system
- Implementation of USV monitoring system
3. Development of river terrain management system
- Development of 3D visualization program for river information
- Development of river cross section production program
- Development of an automated program for flow calculation
- Development of an automated program for water quality map production
1. Utilization plan
— Participated in flow measurement and water quality measurement projects of
Ministry of Land Transport, Ministry of Environment, Korea Rural Community
— Used to investigate the deposition status of dredged soil on major rivers and
lakes
— Development of tailor-made detailed technology through joint technology
development with technology demand organization
— Technical value certification by new technology certification of Ministry of Land,
Transport and Tourism
— Promotion through participating in technical exhibitions and producing publicity
materials
Expected — commercialization through establishment of a dedicated business department

Contribution

or venture in participating companies
— International patent registration, overseas equipment sales, overseas
commercialization through overseas technology service and system development

2. Expected effect

— Development of real-time water information acquisition technology

— Manpower and cost saving through automatic operation

— Prevention of human accidents due to operation of hybrid unmanned system
Increase sales of participating companies through new market formation

— By expanding the related market by using the human body in the civil
engineering field, it is possible to cultivate robot technology and ICT technology
manpower.

Keywords

Spatial River bed

Robot ship Drone 3 Dimension , , . .
information information
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Ol &Al AlAES &S| flaid AzIEEE 2et MAMS0| et MM, =5ut, 2olct 5
of MMES &8c YHES T2 &3ttt

HElS5E Mo Fx= STt fUFE O[F0XN lon], SMFM HUeS es5to] siE of
HE AotM Fof=ol FHF =ots iAol &S FLUZOM FHSI ol 2ME Sol HEIE
Zdsts wajolof olE Sol Hojth Hel|EE dioleet x|Hole X H2E Tosto] Fel2%
Mol ohMt 2Eh2 A@sts S22 AE & = Ut

ct22 Hel 54 ol22 AdYst?| fIg Microsonic =21t MIME &8t He|FE YHI %
HeE 2oix= JEolct. F24 X2 af2 dd Yool oo ZHE dHolnf, MMl tjExEAel
s Helz WMol ZFol wat 10~27mm FHE LHEHHC

i Plate : Round bar i Sensor

Bl

o _J

SHoMFH Yol =Hbdd otof ZASH= Zolct. O™ ez M
A

1=

= :
#olE Zt2 g EEECh O822 dAMe o HAIHeE LIEHD, mhgt
P2 8o L =ZuIME HES & 5 8t STHE 2F 20| U HAMEL S X2 LA
= HMIAo Rz FAE AECH 22 d9olM A& = Ak, =S 3k A7} debyel BAE 5H
g e F2T SE EEFHel HEE DHOAM HEHD ot ESoHM = £ £2 BRAHE
o 2% =i HANK|e AH2lE FE & F Ut

D: 0.07 m Dt} 0.7m
D 0.15m D)) 1.0m
D 0.24m D] 1.3m
D 0.25m D-uiil]]]) 34m
Dl 0.35m D«l]]]]] 60m

O3 21 dlsdEo wE A2 ALk of Al
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O 29 MM, 8ol & £ =31 MMl cl=2X| 22 £ g S A5 2 ofA el SAMof
2t = He| ge So| EeElxld MAs st oMol wet cl2ch 22nle] A S2ule| EMA 2%
2t 37|29 etz ot otuf2} A&l et cr2ct s2/AMel A= crst = 5Tf FobolA ot
2 giE ztoo EEsict. 7Ztots| 2l 2EAsT SRA50| = BT 27|0M ZAioF =lcto
Lst = ok o|HE HE HHe| FV|E Eol= AS Futsict
(2) MOIE EXIE /g MAMe EF £E3
(7hH =31t MAM(ultrasonics wave Sensor)
elZtol &2 F Ue 227t 7Kl s, & 7IEHESF(20 ~ 20,000 Hz) 2ot =2 XMNs+E

2= 425 =3Tet stoh, ARl E2 = Ue sSFo| sHl= AlZtoict o230 vpolof w2t cf
2L}, A Z 20,000 Hz olate] TSFE JIA A2l E2 F g2z, 1 o9 Xs+=E JHA
22§ =23nket st x2le ASFEIF BE25E 30| =t of & ARl &2 F Us 2E[L
sSFE 20~20Hz AFO|Z, 28, o|atel A2|E& =ZF et stct. =3 uol= ThEto| &olM AFN
o| zstch, =24 Mo olg== T2 iAo S5 2o Fulol w2t Z2™=E1, Hich &
of ZEX[Z|LL &Lt = 1im~100mm, =5 EHA(RE) SolAM= 0.5mm~15mm, Z|H ZHo|A= 5~35
mm M EOo|Ct

> AP

- S2He 5V

- BUEIME : 2mA 0%t

- SAZ0}4 1 40Hz

- ROl L A0KHz

- 2%4Hge| : 2 ~ 400cm

- dlA2ie - 155 O]9

a8 22 =250 H2lEA HAAM AR
(Lh) MM A
MME2 MAEIIZEM H2E¢2l %i_'.:_(OK L= -273C) Ol&tel 2 E Zt1 dond, ofE &0

=2}o| ofo|A 195K, Q1A 310K, & 0 = =X}
o AE, sl™oll 2ofsf MM oHX 2| = U=
Hdo| th&F == MEol o5 =2EtHs| A = B

20l 371, 7|dl =& Aot 22 =2

a8 23 MM el 5H
Mafel At
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MM 2F 0.75~1,000pme| HbEF Cedel MulE LUsin, LEMOZ 0.75~3umHXIE 2H M
(near infrared), 3~6 wZ7tX|E EX|M(middle infrared), 6~15 mZ7IX|E |HL|M(far infrared)
ol2td stil, 15um O[&F 1,000um OISHIHXIE I M| M(extreme infrared)ol2td SiCt, CtE 82
SharpAt2| GP2YOAO2YKOF =& MM MAMZAM Un ojufe| He HeloA A ZXIE s AMS=E=

o

=
=
Mdaolct, SHAY Zut of 150Cm = olfo| =Alol thsl HAl & = UASSE & = UCH.

glo|M= EE XL 2XE 2 FolA XI=2A|A &eH(ZE)o| & & HES o zZAM
S stch. o] |lolXM(Laser)= Light Amplification by the Stimulated

Emission of Radiatione MZ|ZE UM ZHEU=H o= "=ALS| X=2gkEof| o|st Hlo| ZZ"g £

S
50
rr
a
]

oot E8o 92 H=E MM otF It 7 g&E # 7= skxlgt 2 IA HA ok J2{Lf
AolMes &1 7l z2 ok 255 Ho|7] Mol Y7 & = A= YEZE otF & HWoIMA
Aol XX & HZESHH ot ESof We ofg JHA| upE, = ofg] JHX| Ao Wol 440{ Ut
HlH st Qo = U= H2ARl 5o ol ogt dx Ao 230 2t =323 22
orzte| WEEZ JHX|1 ALt o[XM s LF ASHo H Fls 7 U SYULE WS UESI=
2 Aol ciedet mEg e met d8 LESH 2ot 282l W2 o3 JHA| oy, = ofg] A
Aol o 4101 Act. H| WA ook HolZ = A= U242 Sof Lol ofst d = fAe| 230
ofgt =22 aME of7te| uEERZ JIX|L ALt Yo[Me 4F ASHo & Fs = JUc 3T
Blol 212 WEstEE Mol chdgt tEg e et 42 &5 ot ohg a2 Atlel F
goll E2del FFE o] MME (MM, dXHeM, £3ut 5)8 Sof oefst=d, 2 & 2olNME
olget &7¢l 2tolck(Lidar) MAolct.

T8 25 2o[A HE|IEE A At
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Lidar v3 = @lOIM(%)8 HH=Z ALB3l0 HEl8 ML BHE SIAsHs T2 40n Ol
of BHE oM & Uoof 120, PIM, MOIE Sai Moig & ks FEI nolfol Al 2k 50n @
Atoke 58 sohe &Aool ol B2 2R, Pol2s Sof Fu MS BHgoz AlgHD U M

3) MOE EX| MM HEKT MA

=

folzRME2 28 = FHSN2 5= A0 A HNHE | Rz ML HMHE EX
X2 D2H ESE JFEE RH Hie) HESE AIAEN ME0HD| /6t RAZRM =X
Of Mgst S8EH0IH AZHCZ MY 0= OOIHE =& ot A2 88 & = U= RF &
X Z&teEl AIAE0l 22 G, &8 HRNMeE 22 224 el AESHUH sLFo=z &5
HFEE ot FHOoZ NMEGHI| Iot0 Lidar Lite v3 laser 2 868MHz RF SAIAIAE T2l & AIAE
oz 2H =g& Automatic charging ModuleE Z&S 24 HOS 2 X O0ICHE MHLSHRULCEH.

L et
é E " B6EMHET

LIRS DUEY .J BEAMHE =41

2 Usv H Y
6@%; 2H

O 26 FoiE BAl MM HWELT A|AH JHEE

(IF) N
o HelEd Lidar Lite V3 ¥H™E Main Controller.
e 868MHz RF &, ¢ = &.
e Automatic charging 2=.
o ZOilE HE RF =4 THAUT.
o« ZTOfE Aol ZUHY TR,
(Lh) 7Heretd
o 2AXIXl: WINDOWS 10
e H/W A&H: Cadence OrCAD ver 16.6, Cadence PCB EDITOR
* FIRM WAREZH&: ARM Keil 5.0
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E DH#LoRA PR) 201611213 441 ZWSX1276_File1#API CodeWSX1 20 Drivers-2.0.0%sx1 2:Drivers-Eiger-f1 Ox.uvprojx - uVision -8
Fle Edt View Projet Fash Debug Periphers Tools SVCS Window Help
SHda @l ¢ | FF @ o Vae @lec o eal@-
O (1 @ | ¥8| sizmbrverseigertion [v] K| B & Y @)
Project - stm3ztons -
e o st L5 About Vision | ~ | *
5 %% Project: 1 20Drivers Eiger-F10x - 10 0
11
s iger-fi0x @ e
112
= it V. ~
114
115 b fooichain WDK-ARM Standard Version: <unknown>
e Todcnan st Cikel VSURIMRMCOBIN
12 U, CCompller Amces
i {4 Rssembler Amasm.exe wal
1200 {  Unkeocator  Amlinkere
121 Libraran o ) I
12 HexComverter.  Fromelt exe J/AT CMD AIZI0IS1 B 5715t
12 crUDIL SARNCIZDLL
1% BrangbLL: oL
15 Target DLL STLINKSTUINKILKEIL_SWO.dl  V20.14.0_KEIL
1% Dialog DLL TCMDLL
128
129
130
131
1% This products icensedo:
e GongLee
13 jor
o 13 LIC=47GUH-WHSD3-JJAGS-L4KOA FDBAL-USKAR
137
) stm3zfiobiph I
) stm32A10¢ conth 133 shorend
) stm32A10¢ dmah 19 oot i
) stm32Ai0x enih 12 Kt S, h Kl Sfvr Lo, 2 e e daks o Kol
) stma2A10x flash.h 141 o Copy Info
xences, ¥
O stm32A10x fsmeh 1 SO prss v 30.0)  eand 1y der h pacha Scvar L,
1) stm32610x gpioh 147 b | (=
am32e10c 2. 148 .
3 smaenonzeh 148 | s L.
FEa e | - o] e i
Heroiec [@ o 0, <
Buils Output =@
= STink Debugger Liis et

a8 27 HAO L 2
(ch) Zof= X A2 E5E A
o HEIFEFUME FolzRudel Mute| Zo| &, REEE &Zol HEEh 20m
Sto o= HXIE MHBSHE=S LiDAR LITE V3 2lolX MAME AtE5to] 7Het
o Ct= O = LiDAR LITE V3 20| MA{e| meknt Apeko|Ct

T8 28 LiDAR LITE V3 2ll0[A 4IA

HE 2 LiDAR LITE V3 2ol MIA Apt

Range

0-40m Laser Emitter

Accuracy

+/- 2.5cm at distances greater than 1m

Power

4.75-5V DC; 6V Max

Current Consumption

105ma idle; 130ma continuous

Rep Rate

1-500Hz

Laser Wave Length/Peak Power

905nm/1.3 watts

Beam Divergence

4 m Radian x 2 m Radian

Optical Aperture

12.5mm

Interface

[2C or PWM
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O

Lh) Zoi2 EX HAM HE/{T A& HES HY
(1) H2I&H Lidar Lite V3 ®¥ZX& Main Controller 7§t
(7F) Main Controller A
Main Controllere| Z|& A}QF
e STM32F103VG ARM CORE 1M FLASH
* |2C Interface
e FT232 UART TO USB
e LiDAR PWM MODE Or 12C Mode Control
e 4K EEPROM

(Lt) SCHEMATIC Design(al2&H)

O Main Controllere| sl2AMA

b BUZZER

EEPROM

a2 29 Main Controller§ 2%

O Laser Interface 3 2A 7|

12! 30 Laser Interface § 3 Z2E
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O LIiDAR Interface 3247
e LiDAR SENSOR 12C 2 &H&IZ E
e LiDAR SENSOR PWM(PULSE WIDTH MODULATION) MODE A|0O{

5-1206 (5V -> 3.3V)

FPOWER_SUFPLY 3
MIC4575 (7~24V -> 5V) SOLAR, BATTERY MPPT CONNECTOR

% 31 LiDAR INTERFACE & S2%

O Power Supply 2 &2 Interface = ZAM A

a2 32 Power Supply & &4l Interface® 2 ZT




O LiDAR LOCATION STEP MOTOR Controller 324

5 Wi
™
i
. s
e ¥
wi £
]
woTon
=i
=]
| o4 L
1
— 'h;‘.r
1 '_‘
“hwen
211w 4
T e
= 30 )
Fia™
“Toe
v | Wk i
o e
T TR

T2 33 LiDAR LOCATION STEP MOTOR ZHEEF 32k

(Ck) PCB ART WORK Design(PCB & H 2 X&)
O ZOof=ZX| Main Controller PCB Art Work

LEDAR -Conmecton

LICAR SSTEF MOTOR

CPL{ETMIAF0IVG)

ANTENA CONMECTOR

a2 34 Zoj=ZHX| Main Controller PCB +4Ad
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a2 35 2o =2X| Main Controller PCB ART WORK &z}

12 36 == Main Controller PCB M= Az}

(2) Zol= ME RF =4l B2

Faal ehass) oje
(Oh) ZOHS T2 AF 40 S2I| &y
O ZO|2 HE RF F41 Chey|e J|= Ates

e Core 52832
e 0.9621X| OLED DISPLAY
e 868MHz RF Sl
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e 4K EEPROM

e USB & BlueTooth Interface

e LiPo 3.7V & Lion 4.7V Battery Charging
e [nput AC 220V or USB or 5V

(Lt) SCHEMATIC Design(3l =& Al)
O Zoj= & RF A S| 5|24 A

EEPRIM

BUZEZER

T8l 37 Core 52832 Module & 0.96Q!%| OLED DISPLAY H|O{&

12l 38 Battery Auto Charging & Power &

(Ct) PCB ART WORK Design(PCB & & HIZH)
O He|™HE At PCB ART WORK
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O3 39 Foj=E & RF A

O HE|EE Ict27| PCB M2

(3) Automatic charging system 7H&F
O Automatic Charging System2| 7|2 A}F
e Vin @ 15V ~ 20V
e \Vbat : 13.4V ~ 14.6V, typical
e |change Max : 2Ah, max
e Efficiency : 80%0[4AF @18V, 0.5A Input

CHZ7| PCB ART WORK &=}
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(Jt) SCHEMATIC Design(3 =2 & Hl)

MPPT CONNECTOR

2 41 Automatic Charging System S|2%

(L+) PCB ART WORK Design(PCB & X & HIZ)
O Automatic Charging System PCB Art Work

1% 42 Automatic Charging System PCB ART WORK Z =}

O Automatic Charging System PCB M| &t

= 7 -
: P 3
| [+ 48 g =
e LI - 4 |

13 43 Automatic Charging System POB A=+ Z 1}
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o

© 2k85%

28 44 tiEfE] BH B8 MY

O HiEl2] ™ &8 : Pout(Vout * lout) / Pin(Vin = lin) = 100 (%)

e Vin =15V ~ 20V, typical

e Vbat = 13.4V ~ 14.6V, typical

e |change Max = 2Ah, max.

» Efficiency = 80%0[|4t @18V, 0.5A Input

Ch TS B MA LEYD AIAY SEYof

Sa=Hc 882 siEH2(oE|H)E SHUAHD A0 LoadB22 M
x

mo
O

O H2|E% LiDAR dIME Felddoll Fas| 2o ol FofE BXl M WESHT ALl StE

oI E 7ot

o
St ZEE &S0l 3|T0| JHSStES e 24 2ot H
b

O el HEE FofjE FE RF &4 SHEV|E gtdlol &5t §H fF2o0 H25E
=2

$0 04
ko2

o
oo

= 7|

I

o

HelolM Hof=2 BX

ol

A
SH
=

4>
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16

O H2|&5F dAMel d2 45° olufel o= Al & = A7| WMol 2ot H2 HelolMe FoiE
o

ol
AA
2 EBAIsH| 9o, & A8 ZEE 0[&510] 20° 4 230| 7ts35HE Y
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ag 47 A2ISE MM HNLE HdE
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J2 48 H2lSH MM 3HAIH

DIST_LIDAR »
Radio transmission
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2t)

LA A

o=

2 S HES
=% WMz RE

(o)

x| clolH

A

E R
WINDOWS 10

=

o=

2|

7ls

ST EQof JHE: RAD Studio 10

©
Eile  Edit

sl .jr°

5] Lora Main -
T4 comtedt

¥4 Exit {Exit1)
Pa_com1
panell
+HZEd
@ ed 2
-7 Ed sendText
=

<

Object Inspector rx

Memot T
Properties | Events|

Dsearch

»[CustomHi ~

|LiveBindin LiveBindings

OnChang{Memo1Change

onclick

oncContex

OnDbIClic Memo1DblClick v

Bind Visually...

All shown

Messages

Search View Refactor Projet Run Component Tools

HBE ®%
mﬁumw

> -Gl

Window  Help
Ca

AZEQ O JHE

o2 B Azl HE 4
Fdlolef $34 7l

Al A2

2 A
[SSJ B

7ls

Lora_Manager_Prj - RAD Studio 10 Seattle - main.cpp [Built]

Defautt Layout

VIEE ©

32-bit Windows |

=)
«-%-0

D search

HOiE ZX clo|E FAU==T7

Ei"“\

o=l

AF FREG
© 888.1MHz
0 9201MHz
O 923.3MHz

POWER
O sdom
® 14bm
2dom

1|
-

BAND WTH

<

POE 633 mnsert

omping Lora_Manager_br.coproj (Kelease, Wins2)

@ lxm command Ine for ‘main.cpp”
@ k32 command ine:

Success

Elapsed tine: 00:00:00.9

RXSWOLE
®comn

swoe Q97

RFHOPNG  MPLIC HEAD

®0FF ®0FF

<

Modified

main.cpp| mainh |Design| History

Lora Manager_Pricbpr.. ¥ %

5 -&| &8 -
SRE|E-8]
®BS-

File

hrojectaroupt "

Lora Manager Prj.exe
&% Build Configuration...
-2 Target Platforms (..

[ Lora_Managerh
] Lora Manager_Pric...
&) maincpp

} [ main.cpp

F=] main.dfm

[ mainh

Di\LoRa Manager\main.dfm

ora...| Mod...| Data... | Mut

X%

Tool Palette
3 D | Osearch

" 8 euta [ outout

o
fle Edit Search View Refacor Project Bun Component Tools
HHGB 5%

DaEIE Be-

1+ thurbane
¢ Lora Main
+© Tiora Main:TLora Mai
D TLora_Main:For
- TLora Main:
 TLora Main:
+® TLora Main:
 TLora Main:

9 TLora MainzFormClose
- Tlora Main:Anal Packe

- Tiara Main:Mema1nh ¥
< >

Object Inspector ' x
|| properties|
O search

>[customs

sign Ci
|File Name main.cpp

Messages

% bec32 command ine for Tmain.cop”
) k32 command ine:

Success

Elapsed tine: 00:00:00.9
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167565, 54203408, 530185, 55527817, nove . 0.0

| E7565, 54203408, 530135, 55552751 7. rotate, | , 4245201 0832235

167624, 279950585, 530271 . 7266241 48, move, D ]

{E7624. 279050555, 530271 . 7266241 48, rotate, | . B3365TIO246652

{67650, 373001123, 530258 762831362, nove, 0.0

167650, 979001123, 530258, 762831 362, rotate, 1. 7341 TABEEE2026

{57570, 551940641 . 530165, 491121393, nave, 0.0 |

{57570, 851 340641 | 530165 491121399, rotate, | . 0745255648328

167590, 715424434, 530154, 2893091 45, move, 0.0

{57590, 715424334/ 5301 54, 5530091 45 rotate, | . 481 89616591 453

167654, 793156257, 530245 036458645, nove, 0.0

167654, 793156267, 530245, 036458645, rotate, 1. Y937RE02857336

|E7578, 440986237, 530231 | 310032532, nave, 0.0

167678, 440886237, 530231 . 310092532, rotate, 1. 0838536601 265

167598, 343725755, 5301 45, 138996202, move, 0.0

{57598, 343725755, 5301 45 138996202, rotate, | . 66019538731 128

167620, 465795441 , 5301 26. 074596989, move, 0.0

167620, 465795441 , 5301 26, 074596989, rotate, 1. F795EERETEE474

{7689, 83334280 | 530222 821 75231 &, nove, 0.0

167689, 883342801, 530222, 921752916, rotate, 1. 4666432268265

167705, 902771351 , 530205, 382506961 , move, 0.0

{§7705, 302771 351 | 530205, 357506361 | rotate, | . 8227845601 7041

167625, 042776293, 5301 12, 348224272, move, 0.0

167625, 042776293, 530112, 348224272, rotate, 1. 36924039212764

{7644, B75359937, 5301 02 434738002, nove, 0.0

167644, 876359987, 5301 02, 434738002, rotate, 1. B1 702054519743

{E7719, 633713905, 5301 97, 756740871, nove, 0.0 .
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[ wission Planner 13,62 build 1.3.6917.15581 o X

Wizard

>> Optional Hardware

ARDUPILOT
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t2 282 chE o[olX| a2 Sofl 3
E0{:H

Log Window n

0007 and 0011: [Z10/264], H[140], 0.00sec A
0004 and 0012 [10/39], H[S], 0.02sec

0010 and 0013; 1212 matches, 0.23sec, #0
0010 and 0013: [1164/1212], H[453], 0.03sec
0011 and 0013: 846 matches, 0.16sec, #0
0011 and 0013: [793/846], H[333], 0.02sec
0002 and 0014: 36 matches, 0.50sec, #2
0002 and 0014: [10/36], H[S], 0.0Zsec

0005 and 0012; 29 matches, 0.47sec, #1
0012 and 0013; 2775 matches,0013 and 0014: 3376
matches, 0.09sec, #0

0006 and 0012: 52 matches, 0.80sec, #1
0013 and 0014; [3321/3376], H[2138], 0.04sec
0006 and 0012: [20/52], HL&], 0.05sec

0000 and 0015: 25 matches, 0.13sec, #0
0005 and 0014: 389 matches, 0.27sec, #2
0005 and 0014 [348/359], H[146], 0.01sec
0001 and 0015: 25 matches, 0. 18sec, #0
0006 and 0014: 715 matches, 0.36sec, #2
0002 and 0015; 29 matches, 0.22sec, #0
0006 and 0014: [665/715], H[294], 0.02sec
0002 and 0015: [10/29], H[S], 0.0Zsec

0008 and 0015: 1560 matches, 0.31sec, #1
0005 and 0015 [1515/1560], H[7%3], 0.02sec
0003 and 0015: 76 matches, 0.265ec, #0
0003 and 0015: [46/76], H[17], 0.01sec

0007 and 0014; 1137 makches, 0,36sec, #2
0007 and 0014 [1091/1137], H[S33], 0.02sec
0002 and 0015: 1057 matches, 0.29sec, #1
0009 and 0015: [1009/1057], H[S07], 0.01sec
0004 and 0015; 446 matches, 0.36sec, #0
0004 and 0015: [403/446], H[203], 0.01sec
0008 and 0014: 1522 matches, 0.41sec, #2
0010 and 0015; &34 matches, 0.38sec, #1
0005 and 0014 [1471/1522], H[7%6], 0.02sec
0010 and 0015: [601/634], H[413], 0.01sec
0005 and 0015: 584 matches, 0.32sec, #0

|DDDS and 0015: [962/584], H[254], 0.01sec
v
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