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o
Row: = = ME
¥ > [NV vV
Erecute $E a5 ¥a
L BRI~
UID:  LCB1110432014291K0000 LI 12 mirm
Published: 2014-10-18T01:43:587 L]

e
J Download: -b}- L3
- s

Ao>0-RRg>

UID:  LCB1110422014C

r ®x
e pe i\ °H
r—iafy M &n
z Vel ki
uTD: LCB1110372014291KU000 =
Published: 2014-10-18T01:41:352 w-r \
o gt L Prd .
£ g IPETN SN A o
Foon]|! sk < Diplaying 1.- 3o 13 | REIOSHTH I IE PP, T —
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8. BIET—5YDHUS

2. VAUHERE MEREEBFT (USGS)

Landsat Search and Download

USGS.goV) ndsat &
7 - Google ... &) SL4A API Help @l SWEMFHEAE - MFER... [ Soatch Project Editor ... w RMA-T0RMA - We...

O EmE | Sausy [ Google

About Landsat

Gallery

Sclence

Product Information Earth Explorer

Frequently Asked

Tools & Services - AR A

Education & The Landsat & satellite images the entire Earth every ays in an 8-day offset from Landsat 7. Data collected by the instruments onboard the satellite are
Outreach available to download at no charge from GloVis, EarthExplorer, or via the Landsatlook Viewer within 24 hours of reception.

Contact Us Landsat 8 Instruments

Landsat 8 carries two instruments: The Operational Land Imager (OLI) sensor includes refined heritage bands, along with three new bands: a deep blue band
for coastal/aerosol studies, a shortwave infrared band for cirrus detection®, and a Quality Assessment band. The Thermal Infrared Sensor (TIRS) sensor
provides two thermal bands. These sensors both provide imp signal-to-r (SNR) r ic performance quantized over a 12-bit dynamic range. (This
translates into 4096 potential grey levels in an image compared with only 256 grey levels in previous 8-bit instruments.) Improved signal to noise performance
enable better characterization of land cover state and condition. Products are delivered as 16-bit images (scaled to 55,000 grey levels).

Landsat 8 images have a large file size, at appr y 1 GB ¢
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8. BE>—H DS

Earth Explorer

a USGS

science for a changing world

EarthExplorer

Home

X o ses

1. Enter Search Criteria

To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view
the help documentation), and/or choose a date range.

FanRon  Fesae

Login Register EJ[53] Feedback Help

Clear Criteria

[Comanaes LT
-

© No coordinates selected

Use wap | Add Coordmets | Clear Coortmsts

ResunOptns
Search from: [01/01/1920 | = to: [1011722014
Search months: (all) -
v
| oo i

OISR ATPIER sevncismumiiEsEy s RETAHOEHS, 34

8. BEF—~DHIS
1. Z£MDDate RangelZB{FEHZEZELFE T,

pr—

def ine rour search area (for advanced map tools, view
the help documentation), and/or choose a date range.

Path/Row = Feature N Su Mo Tu We Th Fr

Decimal

© N{ coordinates selected
oo

Resu Opons

Search froni 05312014 |5 14

Search months: (all) -

ISR R AFTPIERT mwuscsssrniinesEs sRETAHOBR 35
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8. BE>—H DS

2 HOWEEHALT, BUOEEEY)I7T 5.
SEUnRTEN ., ERARESNET

PIECE Tame, enter Cooraimnates or CIick the map 1o
define your search area (for advanced map fools, view
the help documentation), and/or choose a date range.

aooressPiace [CEITTY Feature
X e

Type:[WRS2 v| Path:[ | Row:[ |

om——
oeens

1. Lat: 35° 52" 07" N, Lon: 139° 58' 26" E X

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 36

8. BE>—HSYDHIE
3. [Data Sets)]Zi58F 9 5,

Decimal

\1. Lat: 35° 52' 07" N, Lon: 139° 58' 26" E /R ‘

G G
Result Options

Search from: [05/31/2014  |=! to: [10/1872014 |

Search months: (all) v

O IEEEEIRIATPIER, sevscissnmimiEsesEs sRETAHOB
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8. BET—H DS

3. [Data Sets]Zi5F 9 5,

: EE)C:ZIL:::uciaIs O |'7 ’f > P I'b E LE\IJ ‘ : ﬁ 7TT é
+ Global Forest Observations Initiative *L é [ La n d sat AI’C h ive ] % 7

+ Global Land Survey

)y ILET,
+ JECAM Sites

+ LIDAR

+ Land Cover

+ Landsat CDR [

+ Landsat Legacy

+ Landsat MRLC

+ NASA LPDAAC Collections

+ Orbview-3

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 38

8. BE>—H DS

3. [Data Sets]Zi5F 9 5,

+ Land Cover

= LandsatArd -°

e S[L8 OLI/TIRS]IZ
| j t: zumzz Pre-WRS-2 FIVIEANETT,

1@ & L7 ETM+ SLC-off (2003-present)

] @ [ L7 ETM+ SLC-on (1999-2003)

L@ = L7 ETM+ Intl Ground Stations (Search Only)
LOEL45™

Qomuswss |OLlI = Operational Land Imager
# Landsat CDR [J TIRS =2 Thermal Infrared Sensor

#+ Landsat Legacy

sarfa o~
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8. BE>—H DS
4. ﬁ%t‘y I‘EE%O = Landsat Archive LJ

V@ [ L8 OLUTIRS
rj'fs Fsrja)_Fa)j:T (] @ & L8 OLUTIRS Pre-WRS-2
- (] @ [ L7 ETM+ SLC-off (2003-present)

[ Resu |tS] [J © [ L7 ETM+ SLC-on (1999-2003)

) = L7 ETM+ Intl Ground Stations (Search Only)

"é7')“/7b$?‘o O LasTM

| @ & L1-5 MSS

+ Landsat MRLC

NASA LPDAAC Collections
+ Orbview-3

+ Radar

+ Vegetation Monitoring

+

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 40

8. RMEF—/~DHIS
4. WREIMERD, =TT

If you selected more than one dajgs#et toS%earch, use
the dropdown to see the seaggflesults for each specific

data set.
Note: You must be [gg¥ed in to download and order
scenes

Show Res ontrols '
Dg el Click here to export your results » (¢

[Results] 57141 &HY." | | oo
EykLI=T—2h\ B LRA)L e

"I"(_i f«@

~ —
f i l]\ éni a (o] Entity I1D: LC81070352014263LGNO0

Coordinates: 36.04349 140.14719
Acquisition Date: 20-SEP-14
Path: 107

Row: 35

"I"Li f«@

Entity 1D: LC81070352014247LGNOD
Coordinates: 36.04308,140.13581
Acquisition Date: 04-SEP-14

Path: 107

Rowr 37
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8. BET—H DS

Entity ID: LC81070352014199LGN00
4 O % -'Z\y I\ E 6 Coordinates: 36.04327,140.14415
- o [ a Acquisition Date: 18-JUL-14
6

H LR ILERID =i
AAa—)L/\N\—T
LHERBLET,

Entity 1D: LC81070352014183LGN00
Coordinates: 36.04306,140.14421
Acquisition Date: 02-JUL-14

Rl 107

Entity ID: LC81070352014167LGNOD
Coordinates: 36.04323,140.13499

- Acquisition Date: 16-JUN-14

Path: 107

Row: 35

$udqd /2O

Entity ID: LC81070352014151LGNOO
Coordinates: 36.04332,140.13709
Acquisition Date: 31-MAY-14

9 Path: 107
Row: 35

¥8d /L0

1 v

QB EE IR IATPIER, ssvscissammiEeEs sRETAHOBHR 42

8. BE>—H DS

4. #EREIFERS,

H LRIV DERIZHEHT—2TR/NNT+TAR
*HRELET.

Entity ID: LC81070352014151LGNO00O
Coordinates: 36.04332.140.13709

Acquisition Date: 31-MAY-14
Path: 107
Row: 35

g /00
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8. BE>—H DS

&334 : Landsat8MPath&Row

120° 130° 140 150
50° —

40°

20" A t— 20°
120° 130° 140° 150° ngﬂ Elzlg:\:-\vs—,(\yg

X HFDPath&éRowld B ADENRFABRAY AT
BRARTHTTELY,

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 44

8. BIET—5YDHUS

CaASL:T—AEIDIFAILA
I

L Landsat

S Sensor of: O = OLI, T = TIRS, C = Combined TIRS and OLI Indicates which
sensor collected data for this product

8 Landsat mission number

Ppp Satellite orbit location in reference to the WRS-2 path of the product

rrr Satellite orbit location in reference to the WRS-2 row of the product

YYYY Acquisition year of the image

DDD Acquisition day of year

GGG Ground station ID
VvV Version
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8. BIEF—~DHIS
4. #EREIMNER B,
Y LRAMIVED)YILET,

Entity ID: LC81070352014151LGNO00O
Coordinates: 36.04332.140.13709
Acquisition Date: 31-MAY-14

9 Path: 107
Row: 35
Y qd /00
QB EE IR IATPIER, st issammiEeEs sRETAHOBR 46

8. BEF—~DHIS
4. #EREIMNER B,

&M«r»&auwma ”‘—’5! BERLHEN

ky)L—hT—-
TR DOA) T+
E{RER5H5EH
IS5
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8. BET—H DS

4. #EREIFERS,

KIE 5B
o ORBYET
DT, HHErER
TEET, (EX)
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8. BE>—H DS

5. T—ANAHra—k
[Download Option)}Z#2UvILET .
Entity 1D: LC8107P352014151LGNOO

Coordinates: 36.(44332,140.13709
Acquisition Date]31-MAY-14

9 Path: 107
Row: 35
v [
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8. BET—H DS

5. T—2MAora—k
[Login]LET ,

LandsatLook "Natural Color" Image (5.7 MB) (Login Required)

LandsatLook "Thermal” Image (1.7 MB) (Login Required)
LandsatLook "Quality" Image (509.2 KB) (Login Required)
LandsatLook images with Geographic Reference (7.9 MB)

Level 1 GeoTIFF Data Product (915.5 MB) (Login Required)

:

< >
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8. BE>—H DS

5. T—ANDFHra—k
A—HF—ZEINRT—FKEA N,
[SignIn]LEY,

Sign in using your USGS registered username and password

Username: [ *
Password: | |
Remember Me v/

| Cancel

Forgot your password?
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8. BET—H DS

F— RS O—F
[Levell GeoTIFF Data Product]

#4YHon0—KkLEY,
XY A XEERL TS,

LandsatLook "Natural Color" Image (5.7 MB)
Download
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8. BIET—5YDHUS

6. T7M1ILDFRE

OFHoO—KLE=77M4 LI, BEfeshTLET,
<>7)w\7<'cﬁ'c=lﬁﬁ19&%{%1-73671)1/91-

ﬁ@&ﬁbi% —
@ 1903771")7‘-47@1% "’-**"*IIIIII

® AAT—R(text) |=
D13T7A NN TCEET, |2 . LEEL

O£ET1. 7GB

O IEEEEIRIATPIER, sevscissnmimiEsesEs sRETAHOB 53

217



OAT A : USGSI—Y—8iF

@D LoginZERT L. RRSNBIEEALIC
HbH[Register]z=V)vILET,

% > z - ; : | ' T
- _ e=- a - } A " - USGS Home ~
‘ sl i o o Contact USGS
science for a changing world S £ S 3\ 5 ey Search USGS
EarthExplorer
Home Register Feedback Help
You must sign in as a registered user to download data or place orders for USGS EROS products
Sign in using your USGS registered and p d
Username: kenichi haada %
Password: LTI YTy
Remember Me
Cancel || Signin
Forgot your password?
Accessibility FOIA Privacy Policies and Nofices Google Maps API Disclaimer
5. Department of the Interior U.S. Geological Survey - .‘.. 2
URL: https://earthexplorer.usgs.gov ‘[Q\_Q@'_ %‘-
Page Contact Information: lta@usqs.qov o
Page Last Modified: 09/23/2014 AMERICA
v

O IBISIRE IR IATPIZRT  mevscoamtnmessEs 3 RETAMORR

54
OAS A US GSI1—H—Ei&
Q@ B#BI 51— —R-NRT—FF
@ EEICRRINTLIHEFLGELEAN
@ ContinuertRF2ZEH1)v%5
Login Information
Password must be between 8 and 16 characters long, and contain at least one alphabetic and numeric
You may wish to
use your email
address for your
Note: All fields are required.
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OAT A : USGSI—Y—8iF

® #mLVT. %“—mﬁmﬁmma‘&%muim

F BrY(E. Agricultuare
Forecasting Z 2R,

BietER-AANL.
ContinuerR2>%&91)v 9,

User Affiliation/Data Usage Information

In what sector do you work? (Flease select only one answer.)
*Sector: [General Public v

*Which of the following characterizes you as a user of remotely sensed data from USGS? (Please
check all that apply.)

[ Daa provider (provide data fior someone else 1o use)

[ Product developer (create products derived From Landsat imagery. such as land cover mags)

5] Technical user (work on technical issues speciically related 1o the imagery. e calbration and vakdason)

[ End user (apply data or products derived from the data to accomplish my wark, including scientifc research and
educaton)

O Manager (supervise technical andior end users. also may make decisions based on work which uses the data)
_Oﬂ‘m (please specify)

*Does your work use remoieiy sensed data from the USGS7
Yes

* No

What is the primary application for which you have used remotely sensed data from USGS in the past
year? (Please select only one answer.)
*Primary Data Agriculture forecasting
Usage: '

*In addition to the primary application, in what other areas have you used remotely sensed data
from USGS in the past year? (Please check all that apply.)
L1 hawe not used it in other areas
Agriculture forecastng
(] Anernative energy exploration developmant
(] Brodversity corservaten
(] Coastal scirce montarng management
] Cultural resource management/anthropology’archaeclogy
| Ecologcaliecosystem science/manitoring

W

] Agricuitural management production/conservaton
[ Assessments and uxateon
[l Chmate scence'change
[ 'me-t scHnce
| Detensenasional security
| Education: K-12

Q MSIBREIRIFF 17

RIBMEC L DEMIMEEZ R T DREITAMDER

56

OCASA: USGSI1—YH—EiF

® Contact InformationlZ[E. BEIPCEMGESE

AALET,

Contact Information

*First Name: [kenichi
*Last Name: harada
Company/Organization:
*Address 1: nishi kashnwadai
C t' E Address 2:
On |nue *Country: JAPAN v)
*City: kashiwa city J
7 | ) ‘yb l,i g o State/Province: | Le)xigtwmso' South
akota, sd, south
. dakota
*Zip/Postal Code: 277-0886
*E-mail: ken@vwiseman-jp.com | Needed to activate
) _your account.
*Retype E-mail: ken@wiseman-jp.com
Alternative E-mail: '
*Telephone: 08-4-7153-9778 Example
' 2000000000, 200X
200K 200K, 2KO0OC-200K -
00K (Phone # used
only if we have
questions about an
order)
Fax: |
[ Cancel || Continue
|* = Required Field
LT hE: —— =htk gy — e = s S
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D RDESGEAVE—IDRRREINFT,

Thank you for your registration
You will receive an email to confirm and activate your account.

If you do not receive an email, please check your spam folder.

LIEoKTHE RDEIGA—ILHEEET

Thank you for your registration with the U.S. Geological Survey.To complete the registration process, you must access the link

below to confirm and activate your account. user name: kenichi haada httpsi/earthexplorer.usgs.goviregister/

registerconfirmation/87d34744d-0f2f-496a-b2hd-02626046326f Please contact us if you encou

nter any issues. Thank you,Customer

Services U.S. Geological Survey Earth Resources Observation & Science Center (EROS) 47914 252nd Street Sioux Falls, SD 57198-0001

Tel: 605-594-6151 Email: custserviiusgs.gov Business Hours: Monday through Friday, 8:00 a.m. to 4:00 p.m., central time;.

jeor)

O BB HRE IR IATPIERT mninc L aBniEE g s SRET AMOE, 58
9. HFMIES X5
CHEVATLIX. B+HAHA~HERH,
OBFEI)—VIMH D,
-> [GRASS GIS] ---2U—YIrFIH,
X #IhRIE19844, BEIZ304,
X ERNOXRFOFEE-ARICFIA,
X BAARTOEBFLHY.
X GUIIZXH#E1E,
X TAELLTEIY—,
O BB HRE D ZIAFTPIERT mmdnc L aB e g s sRET AMOEH, 59
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1 0. GRASSDAF

URL #791tX95H& http://grass.osgeo.org/
CATER—UDEET,

WindowsD 9% -EVYET,

EBRASS GIS

vorld's leading Free GIS software

[ Home ] Downiload T Documentation ] Gallery T Support T Donations T Development ] Get involved!

CC  Home

Submit

BUGRASS GIS feed

Celdgbrating 30 years!

esources Analysis Support System), is a free and open
geospatial data management and analysis, image
d visualization. GRASS GIS is currently used in academic
governmental agencies and environmental consulting

o (0SGeo).

GRASS GIS, commonly referred to as GRASS (Geographic
source Geographic Information System (GIS) software suiteQed 4
_ processing, graphics and maps production, spatial modeliNg
and commercial settings around the world, as well as by m
Page 1of 15 > >> companies. It is a founding member of the Opey _

Sep 5, 2014
GRASS GIS code sprint QFOSS4G 2014,
Portland

Saturday, Sept 13th, 2014

[More]

Aug 6, 2014

GRASS GIS 7.0.0 beta3
Newcomers: How to start with GRASS GIS? Screenshots (click for more)

We are pleased to announce the third

beta release of the upcoming GRASS GIS

7.0.0 version

= Aboul GRA;
® Read the First Day Docurmss
= Go through Tutorial and Co
® Learn more with the GRASS GIS migrath

[More]

5 In various languages

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 60

1 0. GRASSDAZF
[WinGRASS 6.4 standalone installer]Z%1)v%

GRASS GIS P

The world's leading Free GIS software (S OSGEO

—w e Project

I Home I Download I Documentation I Gallery I Support I Dondions ] Development I Get involved! _
Download M@Windows installer packages for GRASS GIS

Submit

Stand-alone Instgller packages

For Windows XP thrjugh Windows 8 (both 32 and 64 bit).

_ It is the easiest wa@lto install WinGRASS on a single user machine. It includes an option to download and install the
sample datasets us@ in the tutorials as part of the install process.

Page1of 15 > >>

For a fully functiongfl and working winGRASS, install the standalone package with admin rights (e.g. right click and
Sep 5, 2014 run as admin).

GRASS GIS code sprint @FOS54G 2014,
Portland

Saturday, Sept 13th, 2014

| GRASS GIS 6.4.svn (stable, daily snapshots)
[More] ially released version.

A_“g F_’:_ 2?{_“ i winGRASS 6.4 standalone installer winGRASS 6.4.svn standalone installer (daily builds)
il (provided by Martin Landa, CTU in Prague)

We are pleased to announce the third
beta release of the upcoming GRASS GIS
7.0.0 version

|GRASS GIS 7.0 (beta, upcoming release) | GRASS GIS 7.1.5vn (develop daily snapshots)
Upcoming stable release, see | es. Direct compatibility with earlier versions is not guaranteed but provided with automated
|conversion tools (affects vector topo

x‘u):

[More]

winGRASS 7.0.0beta standalone installer | v
2 staller (daily builds)
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1 0. GRASSDAF

[winGRASS 6.4.4.1Setup.exe &4 ™ O0—K,

Index of /grass64/binary/mswindows/native

Last modified Size Description

d5sum 25-Jun-2014 11:08 61
WinGRASS-6.4.4-1-Setup.exe 25-Jun-2014 11:08 82M

WinGRASS-6.4 4RC1-1-Setup.exe.md5sum  15-Jun-2014 05:34 64

WinGRASS-6.4. 4RC1-1-Setup.exe 15-Jun-2014 05:34 82M
() WinGRASS-6 4.3-1-Setup.exe.md5sum 29-Jul-201322:38 61
WinGRASS-6.4.3-1-Setup.exe 29-Jul-2013 13:21  65M
@ WinGRASS-6.4.2-2-Setup.exe. md5sum 09-Mar-2012 04:32 61
WinGRASS-6.4.2-2-Setup.exe 09-Mar-2012 04:32 60M
@ WinGRASS-6.4.2-1-Setup.exe.md5sum 19-Feb-2012 1324 61
WinGRASS-6.4.2-1-Setup.exe 19-Feb-2012 13:24 60M
WinGRASS-6.4.1-1-Setup.exe 12-Apr-2011 12:56 59M
@ WinGRASS-6.4.1-1-Setup.exe.md5sum 12-Apr-2011 12:51 61
QB EE IR IATPIER, st issammiEeEs sRETAHOBR 62

1 1. GRASS®DInstall

AooA—KL=274LEFTILO)yHILT
2179 5E. GRASSDinstall N ZLFEVYET,
XL BOEEORNERLET,

Welcome to the GRASS GIS 6.4.4-1
Setup Wizard

This wizard will guide you through the installation of GRASS
GIS 6.4.4-1.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.
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1 1. GRASS®DInstall

T4 ADTEZRZL TNext

License Agreement

Please review the license terms before installing GRASS GIS 6.4.4-1.

Press Page Down to see the rest of the agreement.

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.,
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

_The licenses for most ;oftware are designed to take away your

GRASS is software libre. You are encouraged and legally entitlied to cogy, reinstall, modify,
and redistribute this program for yourself and your friends under the §
Happy mapping!

QB EE IR IATPIER, st issammiEeEs sRETAHOBR

1 1. GRASS®DInstall

AVAN=ILTBIHIEIL, TIAILK,

Choose Install Location

Choose the folder in which to install GRASS GIS 6.4.4-1.

Setup will install GRASS GIS 6.4.4-1 in the following folder. To install in a different folder, dick
Browse and select another folder. Click Next to continue.

Destination Folder

C:¥Program Files (x86)¥GRASS GIS 6.4.4)

Space required: 345.4VB
Space available: 399.7GB

O IEEEEIRIATPIER, sevscissnmimiEsesEs sRETAHOB
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1 1. GRASS®DInstall

AV AR—=ILF BV R—RUMETIAHILE,

Choose Components
Choose which features of GRASS GIS 6.4.4-1 you want to install.

Check the components you want to install and uncheck the components you don't want to
install. Click Install to start the installation.

Select components to install:

[[] 1mportant Microsoft Runti

[T North Carolina (Wake Cot
[] south Dakota (Spearfish ¢

Space required: 345.4VB

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 66

1 1. GRASS®DInstall

AA=ILBBHEhNET,

Please wait while GRASS GIS 6.4.4-1is being installed.

Output folder: C:¥Program Files (x86)¥GRASS GIS 6.4. 4¥etc¥gui¥icons¥grass
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1 1. GRASS®DInstall

DOSEAFEET A, LIEoKTHEFALET,

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 68

1 1. GRASS®DInstall

AVAM—=ILEET

L3

Installation Comple te

Setup was completed successfully.

Completed

Show details
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1 1. GRASS®DInstall

= #ZIZFinish&2)vw4,

Completing the GRASS GIS 6 4.4-1
Setup Wizard

GRASS GIS 6.4.4-1 has been installed on your computer.

Click Finish to dose this wizard.

[Jiaunch GRASS GIS|

[T view the reference manual
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12. AEDRE

OSRA—TvS

> LANDSAT8DT—ARZHMYIAL EE, T—
AI[SRE—7yT)ELTHRIRLNENET,
Hh 2 _E D %6 2 tE B A F R PRI 2 53 Bl (cell) L
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*RA2:Reflectance Add Band 2
>¢SE :Sun Elevation
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S25-T9TDRE »

/ Bile| wromomn

Display 1 Its77U5  [rbuffer]
K. B4GUSG BORADER  [rrde]

¥ ¥.p3gusG ~ UBMORAIL [rdistance)
5 Y25 [rmask]
SA9-TyTINUFaL—4 [rmapcaic]
TN
SA5-TvInEnREY

P Ll 44 7

FARAT

H—FrOER
KRETULA
REEEETY

B CyFaN
THMLETU
NFI-B-5NOEE
SY5LEILOIER
B

\RoAvAY=| TR mme

r.mapcalc -- FA5- Lt-regH
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2 2. BLY—hHT5—EBEHSROER
OSARRA—IYTH)FXal—4
REH
FLOSAR-Ty 7
B2R
WATZ TR
sin(x)
WATIFSAR-T97 B
( B2 * 0.00002 - 0.1 ) / sin(67.39077948)
0-F(L) Save EiT(R)
LAY = (PR LES AR -9 T R38N
rmapcalc 'B2R = ( B2 * 0.00002 - 0.1 ) / sin(67.39077948)'
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ORFFEADEHL
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RETRIZEBRLFET,

ZDFER. B2R,.B3R,B4RMD3IDTYIH
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ONhS—T—TILDEKRE
EFNEHRERICFIETHRELET

B2RH B3R B4ARFH

nv white nv white nv white
—100000 black —-100000 black  —100000 black
0.06 black 0.035 black 0.025 black
0.27 white 0.245 white 0.235 white

100000 white 100000 white 100000 white
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FLy—hS—EBERRIETET,

ChIZIX, RGBHEREZELVET
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2 2. MLY—H5—EROIENK

ORILY—hS—EIB D TR
3DDHLLVSRA—ITVTEERLT.
ML—hS—EBERRIEET,
N ZlE, RGBHEREE(ELVET S

Layer Manager MDYV —JL/IN\—DI KRR G5 X
A=y T4V —BMIRILED)vILE

T71UF) BES) 325-(R) ~AIMNHV) ER(D)
NILVI(H)

Ra-4L(o) F—H~R-Z(D)
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oS RHREDRAFPIFX
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2 2. MLY—HS—EROIERN

OWRRBESREI—TYTLAVEMN M5
[Add RGB map layer|ZE{TLET,

T74IF) BE(S) 3A5-(R) ~AIMLV)
AILT(H)

.

BHR(I) Aua-L(o) F—-HR-A(D)

28 & e

e EH @E

ﬁ! g N NA A
8. Add 3D raster map layer

.y B

thRGBmaplayer

Display 1

K, B4R@USGA_20140531_Chiba
¥ B3R@USGA_20140531_Chiba

") Add HIS map layer
4. Add shaded relief map layer

Add raster flow arrows

¥. B2R@USGA_20140531_Chiba I', by EL il L S
¥. B4@USGA_20140531_Chiba_FPrer=rurusy ¥
¥. B3@USGA_20140531_Chba_Pref_107035 &
¥. B2QUSGA_20140531_Chba_Pref_107035
¥. BS@USGA_20140531_Chiba_Pref_107035
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2 2. MLY—H5—EROIENK

Ored. green, bluelZ3X i3 5 v TEE8IR,
OKZ=J)w%,

2-PAGEENESDDIAR - LAV —%. 7 T FOF =LA LTI EPOIS70907 - LIERTLET.

V4
B8 | Nult)l | AFvEr | Izar?l ab

<red>(xIEEBBIAR-Iv !

B4R@USGA_20140531_Chiba_Pref_107035

(red=name)

<green>(EEERIAR-IVS: (green=name)

B3R@USGA_20140531_Chiba_Pref_107035

<blue>(SHIEEEDHIAR—TYT: (blue=name)

B2R@USGA 20140531 _Chiba_Pref 107035

FAL3 (C) @A (A) oK (0) ANV (H)

d.rgb -o red=B4R@USGA_20140531_Chiba_Pref_107035 green=B3R@USGA_20140531_Chiba_Pref_1(
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(Tl 2 S BN resaow e o lp® (208 .
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OTFHIVADS—LIF

> HROFEDRFHEHRTISEHAIL®
I<ITHRMT. ENENDRREB (/\VF) D
BREZEICEDRRERGHIRRDBEZMNTT-

LEDEITHIVA-HS5—ELNS,

ORI, A INAHT—EBEDIKVET,

BEOFIYETERDBEYTY,

B5R—>red B4R—>green B3R—>blue

OFIRIZE. FILy—hHF5—ERERILTT,
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2 3. JAIARADS—EIROIERK

OTMIZAR—RLTI=B5GEFRI) D/ R %E

FRITBIYBTTHERLET,

ORFBADEHREITL. BSREEYET

B5R = (B5 X RM5 + RA5) =+ sin(SE)

XB5R: FILL\WSRA—TvT
¥B5 :BandS5D&EFT—A

S¢RMb : Reflectance Multi Band 5

S RADb5 : Reflectance Add Band 5

X SE :Sun Elevation
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2 3. JAIARADS—EIHROIERK

OFRE—TYTH)Fal—2EETLET,

XEF RE
+ i & Il RLOSAR-Tv 4!
— ; N ] BSR
AT E R,
> >= BB& 11
sin(x) v
= == == =2 BATDREIAR-T7B
== I= >>> ! v
- = azhic ~ ( ) % (©)
®
( B5 * 0.00002 - 0.1 ) / sin(67.39077948) |
o-FL | | 37 © IO OB
A ¥ = —(PERRLES AR -y T EEM
rmapcalc 'BSR = ( BS * 0.00002 - 0.1 ) / sin(67.39077948)’
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ONF—T—TLERELET,

\? S28=-R97 LAV -Oh3-T-TNE(ER/RELET \Y/ SAR=YT LAV -Oh5-T - NEMERR/RELET

HR | B | AFvay | RUFEHN | 32aPh | b &R B | AFvay | INLFEEN | I2aPL
ANIBSIAR—T9IE: (map=name) AN [ h5—57 - 4R
v (100382 T 75BN HT (@)

L] 1008513 18AT v THEN AT (a)
CleAMSL T8 (e)

nv Wh ite h5-F-INDRAF: (color=style)
W=NI7A WADIKA (IBEANDEERAGEEE ™" ) (rules=name)
- 1 00000 b Iac k Ci¥grassdata/USGS_20140531_Chiba_Pref_107035/USGA_201¢| | #8%

FLTHEE @EEANLET

[ white
0.00 black

0.00 black

0.70 white

0.70 white
1 00000 Wh ite | 0=k BIBTIRTE(A) ...

BAGS (C) MiT(R) Je- (Q) AN (H) BALS (C) MiF(R) Je- (©) AT (H)

r.colors map=B5R@USGA_20140531_Chiba_Pref_107035 r.colors map=BSR@USGA_20140531_Chiba_Pref_107035 rules=C:¥grassdi
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2 3. TAINABDS—EROIERK

OWRRESREI—TYTLAVEMN M
[Add RGB map layer |ZE{TLET,

T74IF) BE(S) 3A9-(R) ~IML(V) EidR(I)
AILT(H)

D e s N A

' Q T ‘ % Add 3D raster map layer
@ . 'tt @ " ¥y Add RGB map layer

msplay 1 | ™. Add HIS map layer

[PSLCIET W D IR MY | . Add shaded relief map layer

' B3R@USGA_20140531_Chib

: 9 . Z.. Add raster flow arrows

| ¥. B2R@USGA_20140531_Chiba_ , ey AL S DI

' M@USGA 20140531 Chba r'IEl TUTUSY Y

¥ B3@USGA_20140531_Chiba_Pref_107035 &

L " B2@USGA_20140531_Chiba_Pref_107035 &

L ' B5@USGA_20140531_Chiba_Pref_107035

hUREIN ()]

F7-HR-2(D)

CSRRCSRRCSIRCRRCNRRCY
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#HEELT,. OKEYYILET,

\fr A-H—AEEENESIDIAR =TT AV =%, 75 B BOF -1 - A ELTBIEPOIS 2007 - LICRT LY.

EY M REC R = b

<red>(GHIEEEDIAR-Tv 7! L (red=name)
BSR@USGA_20140531_Chiba_Pref_107035

<green>(xYCEEDIAR—IYT: (green=name)
B4R@USGA_20140531_Chiba_Pref_107035

<blue>(FIEERBIAR -V (blue=name)
B3R@USGA 20140531 Chiba Pref 107035

BAL3 () B (A) AT (H)

d.rgb -o red=B5R@USGA_20140531_Chiba_Pref_107035 green=B4R@USGA_20140531_Chiba_Pref_1(
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OTHI AN —ERD R

QB EE IR IATPIER, st issammiEeEs sRETAHOBR 126

24. N> v =T > EHROIERK

OF.F.HZBOD/IN\K(RBE3OmM) &
INOIATTAVIINUR (BBEBE15m) D,
fRIEE15mDIT—EBEEYET,

ONFE8EAUR—IMLFRZ—TYTEERL
SHALZXNRKZLDT, BREIAINMYET,
SRA—T v T (EB8ELET,
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2 4. I\ v =2 EHRODIENK

OMBHEEITI,

IrAIUF) | BE(S) | 525-(R) ~HMKV) ER(I) Ra-L(o) F-H<-Z(D)

NILI(H) i , BT [g.region -p]
:1 GRASS{ERIZN » HSIE (g.region]
y = 2 i 5
A Addons extensions » =

Disph GUIKE

B K, bowisun_cuituasi_uiwe_riel 107035 IS

\RoFbA¥ = RUFTV-L | BRET2-N | Pythonail
g.region -- SEORAEREEE
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(o] (o]
<% > ESOERY
\ L1
24. )\>> J 2|
OLhn2EBOROYIS YL TB8EEIR
b v -~ o
Q b4
) EORBIRBRETELLY. Fm bR RLOTR ST
BuEE A% RBE | (37 WH | AT 4
L1570 toshsthaisEL:d (d)
D)5 740 MRSLLTISTLET (s)
EELLSIENSREOREEITELET: (region=name)
(18] 523-39 7~ RIBLIMERE LT (rst=nape)
DSAE-N—~HIBEAAAIRE ST (20L30EOTH):  (rast3d=name)
[ER] KOMLRTC— B BT ST (vect=name)
30E1 =771 M~ HIDLIAMEIAE LS : (3dview=name)
B3 (C) X7 () AV (B)
I8 Tea(244 PO ERACS
g.region rast=B8@USGA_20140531_Chiba_Pref_107035
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2 4. I\ v =2 EHRODIEN

ORE>MB>MBRT THERR.

AILT(H)
i B8 BB B
/Bln EHFe0[@0

DIeOTHRBRET1-NT I RT >>

IPAKE) BE(S) 325-(R) ~AHbUY) EER(l) MUa-hL(e) F-4S-2(R)

ellipsoid: wgs84

north: 4107007.5
south: 3870292.5
west: 305892.5

cols: 15501
cells: 244621281
(Tue Oct 14 11:49:24 2014) JYVF#¥T (0 sec)

<

Output window Command prompt
Clear Save Log fie Clear

27— | ITUEIY-N] BBET1-)L | Pythonvml

nsresé&
ewresD{E
M151Z%-
Tb\é (o]
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24. N> v =T > EHROIERK

OB8Y YT REREHLBSREES,

IRER

LS AR -2y 748!

B8R

ELINEE 110510

sin(x)

#HATDETFSIAR-Tv IS

.(BS *0.00002 - 0.1 ) / sin(67.39077948)

o=KL {#7% (8) AT (H) =iT(R)

V] LA =) —(PERR LIS AR Ty 5B
r.mapcalc ‘B8R = (B8 * 0.00002 - 0.1 ) / sin(67.39077948)’

HE (Q

BALS (C)
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24. N> v =T > EHROIERK

OV—T= 508

BlEfEE, SRAA—IVTHh)XalL—4T
ROBHEEEHEWNET,

B2B=B2R * 3.0 / (B2R+B3R+B4R) * B8R
B3B=B3R * 3.0 / (B2R+B3R+B4R) * B8R
B4B=B4R * 3.0 / (B2R+B3R+B4R) * B8R

KODWEX, BADMYET,
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ONhF—T—TILERE

B2BH B3BH B4BMH

nv white nv white nv white
—100000 black —-100000 black  —100000 black
0.03 black 0.01 black 0.00 black
0.24 white 0.22 white 0.21 white

100000 white 100000 white 100000 white
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ZRELT, OKEY)YILET,

2-Y—{EEENESOOIAR -y VAV —%, 7R Bk FOF -/ 1- L1 ELTBIEPOIS29DI L - L FRTLET.

Y

EY MR DRE = 4 b

<red>(FICEEBIAR—TYT: _ (red=name)
B4B@USGA_20140531_Chiba_Pref_107035

<green>(SEEBRHIAR—IYT: (green=name)
B3B@USGA_20140531_Chiba_Pref_107035

<blue>(ZHIEEBBIAR-TvT: (blue=name)
B2B@USGA 20140531 Chiba Pref 107035

FAUS (C) @A (A) 0K (0) ANT (H)

d.rgb -o red=B4B@USGA_20140531_Chiba_Pref_107035 green=B3B@USGA_20140531_Chiba_Pref_1(
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OBRRE(15m) DHS—EIRRT

: s |z |® o, =gl A —
[(® (7 R8P PPl ik —c [a® 200 x

302786.99; 4105038.59 EE v A LA
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2 5. EEmERED S —EROER

OLANDSATSD #FRSM 7\ F10M 5
EERESRUHAT—EBDER

¥ CCETOUNET, LS55
FETLELS,

X NEOIvERAESBALET,
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2 5. EEmEREED S —EROIER

ONVR10ZFAVR—bk, SRA—IYTB10%
ERELET,

OmEEICEH,
FRBA—TYTHh) XL —2ETLRD
BEEBED,

B10L=B10 * 0.0003342 + 0.1

X AT—EDORDIE
RADIANCE_MULT_BAND_10 = 3.3420E-04
RADIANCE_ADD_BAND_10 = 0.10000
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2 5. EEmERED S —EROER

OREREEH
BT TSRA—IYTH)X 1L —4TEE

B10T = 1321.08/10g(774.89/(B10L+1.0)-273.15

KBUEIZAZT—5H 0D
K1_CONSTANT_BAND_10 = 774.89
K2_CONSTANT_BAND_10 = 1321.08
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ONhF—T—TILERTE

B1OTIZhS—F7—J L% 813222 Plact
BDEICEELET 5 blue
F%EEOFF#%C%OF*'C p g:'LSe(r)lﬂSO
SEHZIZ.E.F 20 yellow
&, ®E. 7R, %aiw é'c 95 red
iio hEXPEOET 30 black
RERSNFET, 10000 black
nv black
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e SIBE% 7 suvnse i —o in® (2082
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OBWET DO DNUFEHAEDE
EEDEVCETZRRI HL5GEFEHE
FHCENTEET . > HEEERFEENS,

HEEREEZEICITHRLAHYFETH., ZRUEKIANL
bhd,NDVI (EEFREEADEEIEE)

(Normalized Difference Vegetation Index)

#HELTHET,
S>XEICNDVIDOFHIEBHRNAHYET .

O IEEEEIRIATPIER, sevscissnmimiEsesEs sRETAHOB 141

261




2 6. HEEIRIREROIERK

ONDVI (I, BV R GEFRIVMRER ST TS
ZEEFAL-IEIETY,

- Y T S
D B NDVINRIED | ZEoE ]
60 -
R 40 -
a5t
=S .
% 90 -
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G oG T i [ o e [ [ e e ey I i
BR(um) -
T -E IKOKREIE LANDSAT TMD/IR HEE T KIRAKFE
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2 6. HEEISIREHROIERK

ONDVI [T ROKXTEZRIND,

NIR—-RED
NDVI = NIR+RED
XNIR: IR TR e D5 EE (BS)
RED:7r(B4)

XFET.B4BIDT—REMSIEECE
THRIENDIRHSB,
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2 6. HEEIRIREROIERK

OFNUK (BT —RDOMSIEEE

b3

TRERE

FLLSAR—Ty T8
B4L
AT R
if(x,3,b)
WATIRTFSIAR-RvTB

i#HE (O

.rf(B*% ==10,0, (B4-1)™(588.40900 +48.59101 ) / ( 65535 - 1 ) - 48.59101 )|

0-K(L) 1#7F (8) AN (H) EiT(R) BAL3 (C)

V] LA = - R LS AR -y BN

r.mapcalc 'B4L = if(B4 == 0,0, (B4 - 1) * ( 588.40900 + 48.59101 ) / ( 65535 - 1) - 48.59101 )'
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Qi FRH UK (BE)T—R D U5 HE R 2 4L

b

TREE
LS AR-TyT48:
B5L
AT RERA
if(x,3,b)
WATRERTFSAR-Tv7B

#HE (C)

.'rf(BS ==0,0, (B5-1)*(360.07697 + 29.73527 ) / ( 65535 -1 ) - 29.73527 )

0-F(L) 1#7% (S) AT (H) EiT(R) BALS (C)

V] LA = - R LS 2R -y 8N
r.mapcalc 'BSL = if(BS == 0, 0, (BS-1) * ( 360.07697 + 29.73527 ) / ( 65535 - 1) - 29.73527 )'
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2 6. HEEIRIREROIERK

ONDVIZR S

((BSL-B4L )/ ( BSL + B4L )|

o-K(L) 1#7F (3)
M LA =) (PR LS 2R -7 o 7 %iBI0
r.mapcalc 'NDVI = ( BSL - B4L ) / (BSL + B4L )’

TREE
LSRRy T8
NDVI
A IS REREE
if(x,a,b)
WATIRTSIA-Tv7B

#HE (C)

AT (H) *EiT(R) BALS (C)
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¥ SAR—T9T LAY -Oh5-T-INEE/IREL2 S
. w eV

ANIBIAR—T9 74
DVI@USGA_ 20140531 Chiba_Pref 107035

Al S vl T2 7

FAL3 (C) ®iT(R) JE- (9 AT (H)

r.colors map=NDVI@USGA_20140531_Chiba_Pref_107035 rules=C:¥grass

<>NDVI§7<’5¢—7“J7°I:735—7‘-—7‘)%5&%

& ARy LAY -Oh5-T - IEERR/ERLEY

£ | A7y | IRVEEN | T4ama b
Chs-7-7146F8E (n)
[ 100548277 E BN ST (g)
[ 100685448 AT TR BN LT

- a1
ho=7=TNEr47:

ndvi v

(color=style)

(rules=name)

8
FLIEABEAN LSS
0-F(L) BIBTIRTF(A) ...
FL3 (C) ®iT7(R) Je- (9 A7 (H)
r.colors map=NDVI@USGA_20140531_Chiba_Pref_107035 color=ndvi
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OEEEFRERORT

322551.00; 4105477.79
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2 7. BROIDAR—bB
OPNGOZ7AILTH A
By-i
FPALF) | BE(S) 525-(R) ~AIML(V) ER(I) Mua-L(o) F—5<—2A(D) ME 7R @
D-HAA-A,
I9TFAANA P8
SRG—-F—HOA R~
ROMLF =504 =1 B
3DFAE-F -S5O A- 1
F=R=2F =T A=
525-9TOLIAA-t —BOBIFAA-rT2-Tobk [rout.gdal]
"9_"‘”’7"’”7**"“ ASCIIIUSFOTHAA-F  [rout.ascil]
30325 - IDTIAR-F ASCII XYZRROIHAM-F  [routxyz]
F=5R=2F=TNOTHIM=
ESRI ASCII Sy FOTHAA-F  [rout.arc)
HE@IA=IINIY GRIDATB.FORDISZA-F  [rout.gridatb]
ECro) i3 Matlab 20 E#@ I+~ [rout.mat]
RTHTORR SHFI-BMATIZA-F  [rout.bin)
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7. (MiEREROAZI
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10. €257 ADEK
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vTal
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OEILZHTHETAHRE) @it 33T 5:8TH R (B @3 1nERE (/v F) @3 1EE km/h)
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OMCEBEZL DT AMRESNTNET,
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OffiFg : 300 0BT
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12. GPSES1—-I)LD#(R

OffEmZzFIFA U CPC/IRE &EHRUE T,

QBB IREDZIAZTPIER  muvscssmemmesgssmem Amons 16
13. GPSEZ1-ILDOE>T7HAL>
OGPSEZ 1 —-ILDFT—HFZ— K
PINI->GND PIN2->FEJR PIN6->H7]
PINOUT DESCRIPTION
Pin Number| Signal Name Description
1 Ground Power and signal ground
2 Power 3.3V ~ 6.0V DC input
3 Serial Data In 2 |Asynchronous serial input at RS-232 level, to input command message

4 Serial Data Out 2|Asynchronous serial output at RS-232 level, to output NMEA message

5 Serial Data In 1 |Asynchronous serial input at TTL level, to input command message

6 Serial Data Out 2|Asynchronous serial output at TTL level, to output NMEA message
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1 4. Arduino
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19. IRIGIHE

OIRMDURLICTZOERAUET,
http://arduino.cc/en/Main/Software

Download the Arduino Software
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OWindows Installer =455 >0O0—R
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>TF X MvTICE2a—bhAav b w

Download

Arduino

Arduino 1.0.6 (release notes):

- Windows Installer, Windows ZIP file (for non-administrator install)
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:/1 _i:ll:d) N I\ﬂEAt T SoftwareSerial g_gps(6,7);
> R%&erdr. =>JJ7)L |
R—bCE=HLTHE o
3’0 g_gps.begin(9600);
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—————————————————————————————1

1 Arduino v H#3R

[ I T I |

Blink Y > 7L

const int ledPin = 13;
void setup() { // 1ERIFETEINS
pinMode(ledPin, OUTPUT);

}

void loop() { //#&DEUETEIND
digitalWrite(ledPin, HIGH);
delay(1000);
digitalWrite(ledPin, LOW);
delay(1000);

}
HlHEE
if (x > 8) {..} else {..}
for (int i=0; i < 8; i++) {..}
while (x < 8) {..}
do {..} while (x < 8);
continue; IL—TDED DEREROGET
break; #MIEZAHIEL TKRITS
return x; BIEHN SR TEX ZIRT
switch (x) {
case 1:
break;
case 2:
break;
default:

)3
AXV N ERRIGTmE
// THFD200XY K~

/* RIPBEAHBIAVN ¥/

#define LEDPIN 12

#include <EEPROM.h>

X =y + 3; y = X - 3;

X =y*5; y =x/5;
a=b%8; 8TEH-fcRDEKRDD
x=y HLW x!l=y ZLIHBWL
X <y X >y

X <=y X >=y

i+ AL THMNE ++i MNEL TEHE
i-- ML THRE  --1 BEL T
X += 25 ldx = x + 2; £EAU

& CES5HERSHE (x<y) && (y < )
[| CESHPERSHE (x==1)]|(y!=
VOB E IfF(Ix) {.)

&= B11111100; Y X% (AND)
|= Be@o@RO11; vk (OR)
= x N y;  BHERIEREM (XOR)
A7 (NOT)
= x<<2; £V T b
B

void

boolean

char

unsigned char
byte

int

unsigned int
word 0 ~ 65535

long -2147483648 ~ 2147483647
unsigned long © ~ 4294967295

float -3.4028235E+38 ~ 3.4028235E+38
double -3.4028235E+38 ~ 3.4028235E+38

char str[] = "hello"; ®%ll& L THIHA{L
str[@] = 'H'; 1 XFH%ZHIICZEE

"Hello\tworld!\r\n" % 7 &2{T (CR+LF)
print( F("Hello") ) Flash XEY %A

= ~X;

< < N X X

y = x>>2; Y7k~

& true H'5 false
-128 ~ 127

0 ~ 255

0 ~ 255

-32768 ~ 32767
0 ~ 65535

LilyPad

ver.2 by REHER [QRZNN |

Arduino Uno R3

TIYIAEAEY

-

EH & BERE

IEI 0000000000J0000000
< OMONCH®
[N ZAdddd
(287 o - *

RESET

TXp1

HIGH | LOW T Y% JLAHADE
INPUT | OUTPUT FY¥IILAHEHDEE

true | false RIBEME (E&H) D ;i% EIoN
170 +5§§i 0252 /\ﬁ%{ ﬁrduinom (o o)
OXAA 7S | B10101010 iR C) ACID)
1eU FEHL 2l
20L long 30UL fFS74L long
10.0 FENNERH DC 7~ 12V | 4
2.4e5 240000.0
vt POWER  ANALOG IN
anu §§‘33225 O dN®MT IO
3 XML Ooo D CTCTCCaC
int array[5]; X%z SEFDEI 00000000 oooooo
array[@] = 2; O &EDHDERICAA 5 T
int pins[] = {2, 4, 8, 6}; EREEY 7TD77\?JE/
sizeof(pins)/sizeof(pins[© =ENOF:
(p / ( [0]) ERO% ATmegal68/ATmega328P
BEETHESF—T—R 1 7 28
const float pi = 3.14; reset [ RESET Pcs ] analog5/SCL
volatile char buf; digitalo /RX |Cjj PDO pca [ analog4/SDA
static int result; digital1/Tx [Jj PD1 pca ] analog3
== digital2 [ PD2 pc2 [ analog2
J””b'lf'jj digital3/PwM O} PD3 pc1 ] analog1
p:.LnI\.'Iode(p%n, [:_[NPU”OUTPUT]) digitala [ PD4 Pco [ analog0
qlgltaIWr:}t?(pln, [HI(?HlLOW]) vee Ovee ano | ano
int x = digitalRead(pin); Y = [ AREF 1 analog reference
NIV TiEFIZEMICT S kesws [fxtant  avee [ vee
pinMode(pin, INPUT); x@sm7 Cfxtarz  pes [ digital 13/SCK
digitalWrite(pin, HIGH); digitais /pwm [ PDs PB4 ] digital 12/ MISO
ZFagAEAh digitals /PWM [ PD6 Pe3 [ digital 11/MOSI/ PWM
int x = analogRead(pin); digitai7 [ Po7 pe2 [ digital 10/ PWM
analogReference ([DEFAULT|INTERNAL | digitals [f PBo Pt [ digital o/ PWM
EXTERNAL]) 77/l hEBEEE 4 . e
analogWrite(pin, x) x|(&0~ 255 FTDI USB IF XEYRBOLE
black |GND megal68|mega328|megal280
ZDMDAEA brown |CTS#| [Flash _|16KB__ |32KB__ [128KB
shiftout(dataPin, clockPin, red |VCC EEQRMOM ;TSB ?Eg iig
[MSBFIRST|LSBFIRST], value) S — -
shiftIn(dataPin, clockPin, green |RTSF ICSP wiso (e ) vee
[MSBFIRST|LSBFIRST]) Sparkfun FTDI Basic @ sck (@] mosi
pulseIn(pin, [HIGH|LOW]) green I DTR % Reset (& @) GND
bonnt A v it R
tone(3, 440, 90); 00 SUBMARGBSY  MAMIZS
noTone(pin) Serial.begin(9600); ##A{t 9600bps
B FELRL 1A & 10 EHTEDIRTF

millis() EEHSOFBRME (V)
micros() MEEIHNSORBRRE (Y 70O8)

delay(250); 250 I UMREHS1E
delayMicroseconds(250); 250 ¥~ O
¥

randomSeed(analogRead(0)); #HALDHI
long x = random(max); max-1 £ TDEL
long x = random(min,max); &R/IMEZXIEE
min(x, y) max(x, y)

abs(x)

sqrt(x) pow(base, exponent)
sin(rad) cos(rad) tan(rad)

constrain(x, min, max)
map(x, fromL, fromH, tolL, toH)

lowByte(x) highByte(x)
bitRead(x, n) bitWrite(x, n, bit)
bitSet(x, n) bitClear(x, n)
bit(n) (1 <« (n)) &EUMIE
attachInterrupt([0|1], function,
[LOW | CHANGE | RISING | FALLING])
detachInterrupt([0]1])
noInterrupts() ZIDAHD—EHZIE
interrupts() EHREEIDAHDERY—K

308

if (Serial.available() > 0) {
buf = Serial.read(); // 1 XF&HO
Serial.print("I received: ");
Serial.println(buf, DEC);
}
String s1 = "Hello";
print( s1 + s2 ); XFIIDEHE
if (sl ==s2) XFHNOLEK

#include <LiquidCrystal.h>
LiquidCrystal lcd(2, 3, 4, 5, 6, 7);
lcd.begin(16,2); LCD Q#i#& T8 %EIEE
lcd.setCursor(10,1); H—VYILIBZIEE
lcd.print("Hello world!");

lcd.clear(); EEZZ U7 ULA—VILIEEL
Digital 7+ D7
Digital 6 | D6
Digital 5 —— D5
Digital 4 D4
Digital 3 ———— —{ D3
Digital 2 | —{ D2
! oo
] ol
1 10KQ L1
! — R/W
: +— RS
] Vo
5V V+
GND b GND
! L LED-
1 —A—— LED+
_____ 5 100
Arduino(5V) SD1602HUOB 7 &




9.SainSmart 1.8" Color TFT LCD Display for Arduino §@BAZ
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SainSmart 1.8” Color TFT LCD Display for Arduino

This 1.8” display, can display 128 x 180 pixels, is capable of displaying 262,144 (18-bit) colors, measures 5 cm x 3.5 cm, and is about B mm thick
The display has back-light and comes with a Micro-SD-Card reader (supporting FATLE or FAT32 formatted Micro-S0-Cards).

The display is driven by a ST7733R controlier (specifications), can be used in & “slow” and a “fast” write mode, and is 3.3Y/5V compatible.
It's size, and display qualities, makes this a very desirable display for use with the Arduino, or even Raspberry Pi (as shown on this website).

Sources to buy these displays

— Arduino version at AdaFruit starting at $20
— $20 at Amazon,

- $13 at SainSmart,

- eBay starting at $13

WARNING!

This article is written with the SainSmart/Amazon version in mind — the pin-out of the AdaFruit board is slightly different!
| illustrate the differences in the tables, so please pay attention

Note: The Shield version by AdaFruit aiso has a 5 direction “joystick” on board

figwre I- SainSmart —1.8" TFT LCO Color Display for Arduing

Arduino Libraries

To save you a lot of time developing applications (Sketches) that use the display, both SainSmart and AdaFruit offer very helpful libraries.

Since the libraries offered by SainSmart can be confusing for beginners, we will use to the Libraries offered by AdaFruit

The AdaFruit libraries are clearly designed for use with the Arduino developer tools, whereas the SainSmart files are less obvious for that purpose.
This is exactly the reason why | think buying your hardware st AdaFruit is recommended, for the one or two extra dollars, you'll get awesome support.

Download the Libraries

Before we can get started, we will need to download the AdaFruit Libraries. We will need the following libraries:

Adafruit_GFX for graphics library functions like drawing lines, circles, etc. which is independent of the used controller.

Adafrurt_ST7735 is the library we need to pair with the graphices library for hardware specific functions of the ST7735 TFT Display/SD-Card controller.
For SD-Card support you'll also need the SD library from Adafruit. : ) 1
As usual two options to get the files. L CNRLEARE NS B
Get the files from GitHub (Adafruit_GFX, Adafruit_ST7735 and optionally SD) or download the files from Tweaking- All. A‘

The Tweaking-All files can be outdated, so always check for updates at the GitHub pages.

After download, install them in your Arduino software via the menu "Sketch” © "Import Library. " © "Add Library. "
In the file dialog select the downloaded ZIP file and your library will be installed automatically. This will automatically install the library for you (requires
Arduino 1.0.5 or newer). Restarting your Arduino software is recommended as it will make the examples visible in the examples menu.

GitHub ZIP files .. &5

With the current Adafruit software, the downloaded ZIP files from GitHub can be problematic when installing.

The easiest way to remedy this is by extracting the GitHub ZIP file. Place the files in a directory with the proper library name (Adafruit GFX,
Adafruit_ST7735 or 50) and zip the folder (Adafruit_GFX, Adafruit_ST7735 zip, 5D.zip). Now the Arduino software can read and install the library
automatically for you.

DOWNLOAD - Adafruit GFX W)

Filename: Adafruit_ GFX zip
Size: 8.0 KiB
Date: January 26, 2014
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Connecting the 1.8" Display to your Arduino

In this example we will use an Arduino Uno R3, but I'm confident it will work with other Arduino versions as well.
The pin-out is for the SainSmart version of this display!

table: SainSmart 187 Color Display Fins

Group Pin Purpose

Backlight VCC +33 .5 Volt
GND Ground

Display | SCL Display Clock
SOA LCD Data (SP1)

RS/DC Mode: Command/Data
RES Controller Reset
CS (TFT) Chip Select for display

S50-Card | MISD Master In Slave Out (SPI1)
SCLK Clack {SP1)
MOsi Master Dut Slave |n (SPI)

C5(5D) | Chip Select for SD-Card

If you're like me, then you might be able to guess the purpose of the pins, but you might not be quite sure yet what to do with them.

Basically, besides the obvious backlight, we tell the controller first what we are talking to with the CS pins. CS(TFT) selects data to be for the Display, and

C5(SD) to set data for the SO-Card. Data is written to the selected device through SDA (display) or MOSI (SD-Card) Data is read from o E—
MISO (+ I = R A

MOSI = Master Dut Slave In, or in other words: The Master (Arduino) sends data out to the Slave (Display). Ps
MISO = Master In Slave Dut, or the Slave (Display) sends data out to the Master (Arduino).

Both, for exchanging data and commands, of course need a clock for proper timing: SCL for the Display, and SCLK for the SO-Card.

For the display we need additionally the ability to topgle between sending data (text, drawings, etc) and sending command (clear screen, etc).
And we need a reset option for the display as well of course,

Adafruit vs SainSmart pins o

When comparing the Adafruit display with the SainSmart display, you'll notice that the AdaFruit display has less pins, as they combined some pins:

+ SainSmart pins SDA (Display Data) and MOSI (Data to SO-Card) are combined ta Adafruit pin MOSI
+ SainSmart pins SCL (Display Cloek) and SCLK (SO-Card elock) are combined to Adafruit pin SCK

So when using both display and SD-Card, and utilizing the Adafruit libraries with a SainSmart display, you will need to connect SDA to MOSI, and
SCL to SCLK

Note that this does make sense, since the controller often works either in Display er SD-Card mode (through the chip select pins).

Group: Backhight

Well, | guess those are pretty obvious — connect them and your display has a backlight.
Vce goes to +5 Volt (it's actually 3.3 to 5Y) and GND goes to ground

Group: Display

As mentioned before, the display has a SLOW and a FAST mode, each serving it's own purpose: Do some experiments with both speed! termine which
one works for your application. Of course, the need of particular Arduino pins plays a role in this decision as well ... 00 = 1L
MNate: In either case, backlight is desired of course.

Note: The selected pins depend on the definitions in your Arduino sketch and on the type of pins needed (PWM vs SPI). “
A Note: Adafruit displays can have different colored tabs on the transparent label on your display. You might need to adapt your code if your display shows

a little odd shift. | noticed that my SainSmart display (gree tah) behaves best with the code for the black tab — try them out to see which one works best

for yours.

Here is a little video demonstrating the Low Speed and High Speed speed difference (based on the awesome Adafruit Library and Demo's):

Low Display Speed:

> [ow Speed Display N

Low Speed display is about 1/5 of the speed of High Speed display, which makes it only suitable for particular purposes, but at least the SPI pins of the
Arduino are available.
For this purpose the PWM pins are being used as displayed in the table below.

Pay attention to the order of the pins! (pin 6 is the |ast ane in the list))

table: Display Pins — Low Speed Display

SainSmart PIN AdaFruit PN Arduino Pin  Purpose
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SCL SCK (SCLK) 4
SDA Mosl 5
RS/DC n/c 7
RES RESET 8
CS (TFT) TFT_CS B

RFL
VOREF

Display Clock
Display Data
Command or Data Mode

Reset

Chip Select (Display)

COMPUTER
use

fipure 2 S

After connecting the display in Low Speed configuration, you can load the first example from the Arduino Software (“File” © “Example’
© “Adafruit_ST7735"— recommend starting with the “graphictest®).

Make sure to comment and un-comment the right parts and double check that the pin numbers in the defines match the pins you're using.
Below the code parts for a LOW SPEED display (pay attention to the highlighted lines) — keep in mind that the names of the pins in the code are based on
the Adafruit display:

Sour

P TRV T SRl ol

ce

LR

‘ #define

code

" For the breaskout, you cam
Fderine scik 4 ./ Sainsmart:
#define mosi 5 4/ Sainsmart: SDA
#deffne c5 & /S satnsmart: €5
#define dc 7 /5 Sainsmart: RS;DC
rst: 8 /S Sainsmart: RES

use any (4 or) 5 pins
SCL

‘ //Use these pins for the shield’

AlEdefine sclk 132
AlEdefine mosi 11
SI#EOETInE €5 10
ArFdefine dc 9

A/#define st 8 7 you cam also connect this to the Arduino reser

#include <Adarfruit GFX. fix S core graphics 1ibrary
#include <Adafruit ST7735, k> // Hardware-specific Jibrary
#include <5°L. e~

#T defined( __SAM3IXSE__)
#under __Flashstringdelper: :F{strimg_ Iiteral)
#define F{string Titeral) string_Titeral
Fendit

4/ Gption 1: use any pins but & 1ittle slower
Adafruit_SsT7735 tft = Adafruit_sT7735(cs, dc, mosi, sclk; rstd;

A7 0pTTon 2: mUst use the hardware SPI pins

A7 (Tor UM thats scTk = 17 and s7d = 11) and pin 10 must be
A an output. This is much faster - also required if you want
S 0 USe the microsp card (5ee the fmage drawing exampie)
YATEfruTt_ST7735 tft = Adafruit _ST7735(cs, dc, rstl;
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Compil
® 4

h Speed Display

e and UD|0IBU the Sketch and you should see the first results on vour new TFT screen.

High Speed is almost 5 times faster (according to Adafruit 4 — 8x faster) than Low Speed display and you'll really notice the difference.

For High Speed display we will need to use the SPI pins of the Arduino — which can be a problem when you'd like to use these pics for other purposes.

table: Dispiay Pins

SainSmart PIN  AdaFruit PIN  Arduino Pin

SCL SCK (SCLK) 13
SDA MOSI 11
RS/DC D/c 9
RES RESET 8
CS (TFT) TFI_C3 10
SCL-+13
SDA—11
RS/OC -9 +5V
RES—8
£S 10 ™
= : vCC
Loianiil] . GND

NSNS
i

Purpose

Display Clock

Display Data

Command or Data Mode
Reset

Chip Select
COMPUTER
use

|easkiyd

fipure 3; SanSm 8% TFT Arduino Display — HIGH SPEED

As with the previous setup; we will need to make sure that the proper lines are marked as comments or code.

Source code

A For the breakout, you can use any (4 or) 5 pins
SEderine sclk 4
c | SFdefine mosT 5
& | SiFdefine cs. &
7 | ArEdefine dc 7
8 | S/#define rst 8

B e

A you can alse connect this to the Arduino reset

SrUse these pins for the shield!
#define sclk 13 /7 Sainsmart: SCL
12 | #Fdefine mosi 11 /A7 Sainsmart: 50A
13 | #define &5 10 /7 Sathsmart: €5

14 | #define dc 8/ sathsmart: RSDC
15 | Fdefine rst & S Sainsmart: RES

17 | #Tncluge <Adarruit_GFX. ix o/ COre graphics 1ibrary
18 | #ncTude <Adafruit STFF35.h> /7 Hardware-specific 1ibrary
19 | #include <SPL. ke

| #1F defined(_SAM3X8E__)
Fundef __FlashstringHelper: :F(string_Titeral)
#define F(string Titeral) string_ Titeral
Fendit

| 4" Option 1: use any pins but & Tittle slower
ArAdafruit_ST7735 tft = Adafruit_577735(cs, dc, masi, sclk, rst);

A7 Option 2; must use thie hardware SPT pins

/47 (For UNG thats sclk = 13 and 574 = 11} and pin 10 must be
| A4 an output. This 7s much faster - also reguired if you want
A/ to use the microsh card (sec the image drawing exampie)
Adafruit_sT7735 TfT = Adafruit_sT7735(cs, dc, rst);

)

3
34
3
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Group: SO-Card

For working with the SD-Card we will need to do some additional wiring and the display wiring will be based on the Fast Display Mode.
as mentioned before: The used pins depends on the defined pins in the Sketch, but here we assume the presented pins.

Connecting Display and SO-Card
A Note that SCLK is connected to SCL and that MOSI is connected to SDA for the SainSmart variant of the 1.8” TFT LCD Color Display.

tabie: st

SainSmart PIN AdaFruit PIN  Arduino Pin  Purpose

SCL SCK (SCLK) 13 Display Clock
SDA MOSI i, Display Data
RS/DC o/c 9 Command or Data Mode
RES RESET i} Reset
CS (TFT) TFI_CS 10 Chip Select Display
MISD MIS0 12 S0 Data (Read from 5D)
SCLK SCK(SLK) (i) SD-Card Clock
MOSI MOSI (1) 50 Data (Write to SO)
£S5 (SD) CARD_CS 4 Chip Selzct SD-Card

COMPUTER
UsB

o Ol=| 1k

SCL—+13

SDA — 11
RS/OC— 9
RES—+8
CS(TFT) - 10
MISD — 12

SCLK -» SCL (13)
MOS! -» SDA (11)
CS (SD) ~» 4

YOIWLY

frevre 4+ SainSmart 1.8 TFT Arduing Display — HIGH SPEED with SD-Card

Image an the S0-Card for t

Before we can test this, we will need a 120160 pixel BMP picture (24-bit) on an SD-Card
The SD-Card needs to be FAT-16 or FAT-32 formatted, single partition, and the BMP file needs to be placed in the root (ie. not in a directory or anything like

that).
You can name your BMP file “parrot.bmp” or modify the Sketch to have the proper filename (in “spitftbitmap” line 70, and in “soft_spitftbitmap” line 74).

Example:  bmporaw(“nypicture.bmp”, 0, 03;  (incase you call your file “mypicture.bmp”).
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fipure 5: Example BMP on a SainSmart Display w/Arduing

Dema's
The demo “spitftbitmap” is the easiest to modify:

Source code |

/7 TFT display and 50 card will share the hardware SPI jnterface.
A/ Hardgware SPT pins are specific to the Arduine board type and
A cannot be remapped to alternate pins. For Arduino Uno,

S Duemy Janove, etc., pin 11 = MOSE, pin 12 = MIS0, pin 13 = 5CK.
#define SD_C5 4 /7 Chip select Tine for S0 card

#lefine TFr.cs 18 /7 Chip select Tine for TFT display

#define TFI_OC 9 [/ Data/command Time for TFT

FAerine TFILRST 8 /7 Reser 1ine for TFT (or connect ro +5v)

BoE s s W

11 | AfUse these pins for the shield:

iz | fr#define TFT_C5 10

13 | fS/#define TF.DE 8

14 | A/#define TFT_RST 0 /7 vou can a&lso connect this to the Arduino reset

16 | adafruit_sT7735 tft = Adafruit_ST7735(TFT_C5, TFT_DC, TFT_RST);

In the demo “soft_spitftbitmap” we need to modify the highlighted defines:

Source code

Ll wws
2| 4¢ TFT display and sD card will share the hardware SFI interrace.
3| A Hardware SPI pins are specific to the Arduine board type and
4| /47 cannot be remapped to alternate pins. For Arduing Unc,
5 | #7 Duemflanove, erc., pin 11 = MOSI, pin 12 = MISO, pin 13 = 5CK.
& | #deffne SPI_SCK 13
7| #deffne SPL pT 12
B | #define SPL D0 11
9
10| #define S0 Cs 4 /S chip seTect Tine for SO card
11 | #define TFT_C5 10 /7 chip sefect line for TFT display
12 | #define TFT.OC 9 // pata/command Jine for TFT
13 | #deffne TFI_RST & ./ Reset Time for TFT {or connect fo +5V)
14
15 | A/Use these pins for the shield!
16 | A/#defing TFTCS 10
17 | Ar#Edefine TF0Cc &
18 | A/#define TFT_RST 0 // you can also connect this to the Arduino reset
13
20 | Adafruit_sT7735 tft = Adafruit_sT7735(TFT_CS, TFT_DC, SPI_DO, SPI_SCK, TFT_RST);
21| v

e
<

o
-

Some Basic Grafphics Functions

Now that we did our first tests, time to play around with some of the basic functions to display data on a display.

As you have seen before the Adafruit_GFX library (supported by the Adafruit_ST7735 library) makes this easy for us — More information can be found at the

GFX Reference page.

Basic code template
Based on our High Speed Display example: The following basic steps are needed before we can work with the graphics display.

The first block is to define the pins (lines 4-8), next add the needed libraries with includes (lines 12-14).
After that we nead to define the variable "tit” of the object typs “Adafruit_ST7735" (line 18).
In the setup() function one would typically first blank the screen (line 22).

Your code then can erther be placed in setup() for a one time run or in loop() for repeating the code over and over again.

Example

A Init pins

Fdefine sclk 13
#define mosi 11
#define cs 10
#define dc 9
#define rst 8

(= TR ST N ST Y
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#inciude <Adarruit GFX. b
#Finclude <Adarruit_ST7735. >
#include <SPI. >

S/ core graphics 1ibrary
S Hardware-specific Tibrary

tft = adafruit_sT7735(cs, dc, rst);

15 L]
20 | void setup() {
tft. initR{INITR_BLACKTAB) ; A7 Tnitialize & ST77355 chip, Hlack tab
A IF your TFT's plastic wrap has 2 Red Tab, use the following:
AAETE. TRTIR (TNTTR_REDTAB) ; S/ Tnitialize a ST7735R chip, red tab
A7 IF your TFT's plastic wrap has a Green Tab, wse the following:
A/ETE. inftR (INITR_GREENTAR); /7 Tnitialize a ST7735R chip, green tab
29 | votd Toop() {
.o S de your thing here
3|}
The display is build up out of pixels, which each can be eddressed through a XY coordinate system.
Back in school the X went from left to right, and Y from bottom to top. This is not the case in this XY system.
X still goes from left to right, but Y goes from top to bottom as shown below — which is very common in displayes.
Remember: Origin (0,0) is the UPPER LEFT CORNER.
X A
0123465878 9510111213
Y o [ 11
3
5
B
7
8
9
10
11
12
13
Pixels in monochrome displays are easy: the pixels is either ON (1) or OFF (0}.
With color displays this whole thing works 8 little bit more complicated as a color is build up out of 3 base colors: Red, Green and Blue
Depending on your display this can be for example in 8 bit (256 colors), 16 bit (65,536 colors), 24 bit (16,777,216 colors), etc
Our display (SainSmart or Adafruit) uses 16 hit colors.
Predefined colors:
The ST7733 library has some of the very basic colors predefined:
ST7735_BLACK BxBE88
ST7735_BLUE BXBBLF o O o 7.
5T7735 RED BxFE88
ST7735_GREEN BxeTER
ST7735_CYAN BXB7FF o

5T7735_MAGENTA  @xF&1F
ST7735_YELLOW BxFFES
ST7735_WHITE @xFFFF

Calculate Color Function:

Calculating colors, for this screen can be done with the Color565 function of the ST7735 Library, which takes 3 parameters: Red, Green and Blue.
For Red and Blue only 5 bits are used, and for Green it's B bits (don't ask me why), but you don't have to worry sbout that with this function.

Example

2 | Adafruit_sT773s tft ....
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color = tft.Colorses(r,q,b)

‘ ‘ 5
5

Color565( red, green, blue);
This function calculates the 16-bit color code, based on the 3 values red, green and blue (all 3 are 8 bit numbers).

You can pass variables (int), or enter numbers straight

However, when you enter the number here straight, use hexadecimal numbers, as with decimal numbers you will get unexpected results, for example:

Red: Color565( 0xFF, 0, 0)

Green: Color585( 0, 0xFF, 0)

| found the easiest wa i i i i ! i 0 d 2 Ty
y to pick a color is by looking at HTML Calor codes, and for this purpose |'ve added one on this page. | B | Seceee o N

cooier T =
11

lisape:

Click the input box and & popup will show a color picker. Choose your color, and the hex value will appear.

To use this in your Arduino Sketch: The first 2 characters represent RED, the second set of two characters is for GREEN and the last 3 characters represent
BLUE. Add '0x’ in front of each of these hex values when using them ('Ox' designates a hexadecimal value).

Example:

This purple is B700FE

The hex values are: red is B7, green is 00 and blue is FE.
Your Colar565 call will be: Color565( 0xB7, 0x00, 0xFE );

Nate: You can of course, use any application for color picking that shows hex values, or for example the color picker in Adobe Photoshop.

Graphics Functions

drawPixel( x, y. color );
Draws a single pixel at (x,y) in the indicated color.

drawLine( x0, y0, x1, y1, color );
Draw a line from (x0,y0) to (x1,y1) in the indicated color.

drawFastHLine( x, y, width, color );
Draws a horizontal line, starting at (xy), of indicated width and color.
This function works faster for horizontal lines when compare to drawLine().

drawFastVLine( x, y, height, color );
Oraws a vertical ling, starting at (xy), of indicated height and color.
This function works faster for vertical lines when compare to drawline().

drawRect( x, y, width, height, color );
Draws an open rectangle, starting at (x,y) with a width, height, and a border line in the indicated color.
(x,y) indicates the upper left comer.

fillRect( x, y, width, height, color );
Draws a filled rectangls, starting at (x,y) with a width, height, in the indicated color.
(x,y) indicates the upper left corner.

drawCircle( x, y, radius, color };
Draws an open circle at (x,y) with the indicated radius (in pixels) and a border in indicated color.
(x,y) indicates the center of the circle.

fillCircle( x, y, radius, color );
Draws a filled circle at (x,y) with indicated radius and filled with indicated color.
(x,y) indicates the center of the circle.

drawTriangle( x0, y0, x1, y1, x2, y2, color );
Draws an open triangle, between the points (x0,y0), (x1yl) and (x2,y2), with a border in the indicated colar.

fillTriangle( x0, y0, x1, y1, x2, y2, color );
Draws a filled triangle, between the points (x0,y0), (x1y1} and (x2,y2), in the indicatad color.

drawRoundRect( x, y, width, height, radius, color );

Draws an open rectangle with rounded comers at (x,y) with indicated width and height and & border in the indicated color.
The radius indicates the radius of the individual corners.

(x,y) indicates the upper left corner of the rounded rectangle.

If radius times 2 is greater than the width or height: be prepared to see some unexpected effects.
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drawBitmap( x, y, *bitmap, width, height, color );

This function can draw a single color bitmap (not to be confused with & BMP file).

For this you'll need to define the constant "bitmap”.

The use of this function is a little beyond the scope of this article, but | just wanted to show that there is more depth to these libraries.
The bitmap upper Ieft comer is (x,y), presumed to have & width and height as indicated, and will be drawn in the indicated color

Text Functions

drawChar( x, y, character, color, backgroundcolor, fontsize );
Draws a character at a given location (x,y), where (xy) represents the upper left corner of the character

setCursor( x, y);
Positions the text “cursor” at the given location. This is where the text output continues when using print() or printin().

print( text );
printin( text );
Prints the given text string at the current cursor position. The printin() variant will add a carriage return, so that the next text output starts on a new line.

setTextColor( color );
This sets the font color. Everything printed AFTER this statement will appear in the indicated color.

setTextColor( color, backgroundcolor );
This sets the font background color. Everything printed AFTER this statement will appear with the indicated background color.

setTextSize( fontsize );
With this statement, you can set the font size for tekst out put AFTER this statement. Typically fontsize values are 1,2,3,4,5,6,7,8,9,10, etc.
See the demo below for an example output. The size is an arbitrary number and does not match for example pixel height or anything like that.

setTextWrap( boolean );
Enabie (true) or disatle (false) word wrapping at the end of a line and will anly affect text output AFTER this statement.

Screen Functions

setRotation( rotation );

This function is used to indicate what corner of your display is considered (0,0), which in sssence rotates the coordinate system 0, 90, 180 or 270 degrees
The SainSmart display uses (0,0) as the upper left corner when the displey is standing up right (i.e. pins in a breadboard for example).

However, if your application needs your screen sideways, then you'd want to rotate the screen 90 degrees, effectively changing the display from s 128160
pixel (WxH) screen to a 160%128 pixel display. Valid values are; 0 (0 degrees), 1 (90 degrees), 2 (180 deerees) and 3 (270 deerees).

fillScreen( color );
Fills the entire screen with a give color, ideal for example for blanking the screen by setting the color to black.

invertDisplay( boolean );
Sets the screen to inverted (true) or normal (false);
Lhsplay Hemo

Based on these functions, | did create a little demo to show what these functions do. Either download the file or just copy the code and paste it into an
empty Arduino Sketch

DOWNLOAD - T4a Display Demo @

Filename: t4a_display_demo.zip ———
Size:  17KiB |0 o 2 7
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109> 7 ILY—RA) Arduino TFT meter
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#include <ST7735.h>

// You can use any (4 or) 5 pins

I#tdefine sclk 4
/f#tdefine mosi 5
#define sclk 13
#define mosi 11
#define cs 6
#define dc 7

#define rst 8 // you can also connect this to the Arduino reset

#define TEMP 2
#define LX 1
#define VR 0

I/ Color definitions
#define BLACK
#define DARKGREY
#define GREY
I#define BLUE
I#defineRED
#define RED
#define BLUE
#define GREEN

#define DARKGREEN

#define CYAN
#define MAGENTA
#define YELLOW
#define WHITE

t#define R 50

0x0000
0x38E7
0xC318
0x001F
0xF800
0x001F
0xF800
0x07E0
0x0300
0x07FF
0xF81F
0xFFEO
0xFFFF

#define LUX (9.711) //Lux Meter 2 fi#GE

/Htinclude <ST7735.h>



#include <SPI.h>

int v=0; //as VR/4
int ov;

int 1;

int x,y,0X,0y;

int lux_v, lux_ov;
int lux_1=0;

int ans, tv, temp, otemp; //for temperature

char s[4], os[4]; //for speed VR
char 1[6], ol[6]; //for Lux
char t[3], ot[3]; //for temp.

// Option 1: use any pins but a little slower
ST7735 tft = ST7735(cs, dc, mosi, sclk, rst);

// Option 2! must use the hardware SPI pins

/I (for UNO thats sclk = 13 and sid = 11) and pin 10 must be
/I an output. This is much faster - also required if you want
Il to use the microSD card (see the image drawing example)
/IST7735 tft = ST7735(cs, de, rst);

void fillpixelbypixel(uint16_t color) {
for (uint8_t x=0; x < tft.width; x++) {
for (uint8_t y=0; y < tft.height; y++)
tft.drawPixel(x, y, color);

¥
delay(100);

void setup(void) {
Serial.begin(9600);
//Serial.print("hello!");
tft.initRO; /] initialize a ST7735R chip
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//Serial.printIn("init");
tft.writecommand(ST7735_DISPON);

uint16_t time = millis();
tft.fillScreen(BLACK);

time = millis() - time;

r=tft.width/2-18; //meter radii. = needle length
//Serial.println(time, DEC);
delay(500);

I

tft.fillScreen(BLACK);

testdrawtext("Hello everybody. This is the Arduino Meter. You can display analog
meter with Sainsmart 1.8inch TFT GLCD. ", WHITE);

delay(1000);

/la single pixel center of screen
tft.drawPixel(tft.width/2, tft.height/2, GREEN);
delay(500);

tft.fillScreen(BLACK);
drawScale(BLUE, BLACK);

ov =100; /lfor needle
tft.drawString(82, 80, "km/h", GREY);

//[drawNeedle(0,0, BLACK, YELLOW);
delay(1000);
//[drawScale(RED, BLACK);

//delay(1000);

ltestdrawrects(GREEN);
/ldelay(500);

Iltestfillrects(YELLOW, MAGENTA);
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/ldelay(500);

/1tft fillScreen(BLACK);
//testfillcircles(10, BLUE);
/ltestdrawcircles(10, WHITE);

lux_ov = 1000;

tft.drawString(84, 130, "Lux", GREY);
tft.drawString(84, 118, "Deg", GREY);
drawCopyright();

//Serial.println("done");
delay(1000);

void loop() {
int val;

long lux;
/I int v,0v;
val = analogRead(VR);
v =val/4;
if(v 1= ov){
1 Serial.print("Volume --->");
I Serial.println(val);
Serial.write(v);
drawSpeed(v);

drawNeedle(v,ov, BLACK, YELLOW);

oV=V;

if lux_i++==10) {
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lux_1=0;
lux_v = analogRead(LX);
/! Serial.println(lux_v);
/I if (lux_v & 0xFFFC) != (lux_ov & 0xFFFC)) {
if lux_ v !=lux_ov) {
lux =lux_v * LUX + 100;

drawLux(lux);

lux_ov=lux_v;

ans = analogRead(2);

tv = map(ans, 0, 1023, 0, 5000);

temp = map(tv, 300, 1600, -30, 100);

if(otemp != temp) 1
drawTemp(temp);
//Serial.println(temp);

otemp=temp:;

/I ttf.drawString(50,80);

Il tft.writecommand(ST7735_INVON);

/I delay(500);

Il tft.writecommand(ST7735_INVOFF);
delay(100);

void drawCopyright() {
tft.drawString(40,145, "by ken.wiseman", DARKGREEN);
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void drawTemp(int temp) 1
int n10;

int nl;

nl10=temp/10;
temp=temp-n10*10;

nl=temp;

t[0]='0'+n10;
t[1]='0'+n1;
t[2]="%0";

tft.drawString(68, 118, ot, BLACK);

ot[0]=t[0];
ot[1]=t[1];
ot[2]=t[2];

tft.drawString(68, 118, t, WHITE);

void drawLux(long lux) {
int n10000;
int n1000;
int n100;
int n10;

int nl;

/I sprintf(s,"%d",v);
n1000=1ux/10000;
lux=lux-n10000 * 10000;
n1000=1ux/1000;
lux=lux-n1000 * 1000;
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n100=1ux/100;
lux=lux-n100 * 100;
n10=lux/10;
lux=lux-n10*10;

nl=lux;

1[0]='0'+n10000;
1[1]='0'+n1000;
1[2]='0'+n100;
1[3]='0'+n10;
1[4]='0"+n1;
1[5]="¥0"

tft.drawString(50, 130, ol, BLACK);

ol[0]=1[0];
ol[1]=1[1];
ol[2]=1[2];
ol[3]=1[3];
ol[4]=1[4];
ol[5]=1[5];

tft.drawString(50, 130, 1, WHITE);

void drawSpeed(int v) {
int n100;
int n10;
int nl;

/I sprintf(s,"%d",v);
n100=v/100;

v=v-n100 * 100;
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nl0=v/10;
v=v-n10*10;

nl=v;

s[0]='0'+n100;

s[1]='0"+n10;

sl2]=

s[3]="¥0";

/I tft.fillRect(50, 80 , 100, 20, BLACK);
tft.drawString(60, 80, os, BLACK);

tft.drawString(60, 80, s, WHITE);

void drawNeedle(int sp, int osp, uint16_t colorl, uint16_t color2) {
float rad;
double xx,yy;

tft.drawLine(tft.width/2, tft.width/2, ox, oy, colorl); /9. LARID#H 2T

Il sp=(sp*180)/255; //scaling fucter
/I rad=PI * sp / 180.0; //original

rad=PI * sp / 360.0; //scaling fucter = 0.5
Il x=r* cos(rad) + tft.width/2;

x = tft.width/2 - (r * cos(rad));

y = tft.width/2 - (¢ * sin(rad));

tft.drawLine(tft.width/2, tft.width/2, x, y, color2); //5 DA —

0X=X;
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oy=y;

void drawScale(uint16_t colorl, uint16_t color2) {
int deg;
float rad;
double x0,y0,x1,y1;

tft.drawCircle(tft.width/2,tft.width/2,R,colorl);
tft.fillRect(0, tft.width/2+1 , tft.width, 110, color2);

/I for (deg=0; deg < 181; deg +=5) 1
for (deg=0; deg < 181; deg +=10) {
/I if (deg % 10 == 0){

rad=PI * deg/ 180; //convert deg to rad
x0 = tft.width/2 - (R-3) * cos(rad));
y0 = tft.width/2 - ((R-3) * sin(rad));
x1 = tft.width/2 - (R+2) * cos(rad));
y1 = tft.width/2 - (R+2) * sin(rad));

tft.drawLine(x0, y0, x1, y1, GREY); /scale by 10km/h
/A
I else if(deg % 5 ==0) {

n 3

1 rad=PI * deg / 180; //convert deg to rad

1 x0 = tft.width/2 - ((r-2) * cos(rad));

Il y0 = tft.width/2 - ((z-2) * sin(rad));

I x1 = tft.width/2 - ((r+1) * cos(rad));

/ y1 = tft.width/2 - ((r+1) * sin(rad));

I

I tft.drawLine(x0, y0, x1, y1, GREY); //scale by 10km/h
H

328



void testlines(uint16_t color) {
tft.fillScreen(BLACK);
for (uint16_t x=0; x < tft.width; x+=6) {
tft.drawLine(0, 0, x, tft.height-1, color);
H
for (uint16_t y=0; y < tft.height; y+=6) 1
tft.drawLine(0, 0, tft.width-1, y, color);

tft.fillScreen(BLACK);

for (uint16_t x=0; x < tft.width; x+=6) {
tft.drawLine(tft.width-1, 0, x, tft.height-1, color);

H

for (uint16_t y=0; y < tft.height; y+=6) 1
tft.drawLine(tft.width-1, 0, 0, y, color);

tft.fillScreen(BLACK);

for (uint16_t x=0; x < tft.width; x+=6) {
tft.drawLine(0, tft.height-1, x, 0, color);

}

for (uint16_t y=0; y < tft.height; y+=6) {
tft.drawLine(0, tft.height-1, tft.width-1, y, color);

tft.fillScreen(BLACK);

for (uint16_t x=0; x < tft.width; x+=6) {
tft.drawLine(tft.width-1, tft.height-1, x, 0, color);

H

for (uint16_t y=0; y < tft.height; y+=6) {
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tft.drawLine(tft.width-1, tft.height-1, 0, y, color);

void testdrawtext(char *text, uint16_t color) {

tft.drawString(0, 0, text, color);

void testfastlines(uint16_t colorl, uint16_t color2) {
tft.fillScreen(BLACK);
for (uint16_t y=0; y < tft.height; y+=5) 1
tft.drawHorizontalLine(0, y, tft.width, colorl);
H
for (uint16_t x=0; x < tft.width; x+=5) {
tft.drawVerticalLine(x, 0, tft.height, color2);

void testdrawrects(uint16_t color) {
tft.fillScreen(BLACK);
for (uint16_t x=0; x < tft.width; x+=6) {
tft.drawRect(tft.width/2 -x/2, tft.height/2 -x/2 , x, x, color);

void testfillrects(uint16_t colorl, uint16_t color2) {
tft.fillScreen(BLACK);
for (uint16_t x=tft.width-1; x > 6; x-=6) {
tft.fillRect(tft.width/2 -x/2, tft.height/2 -x/2 , x, x, colorl);
tft.drawRect(tft.width/2 -x/2, tft.height/2 -x/2 , x, x, color2);

void testfillcircles(uint8_t radius, uint16_t color) {

for (uint8_t x=radius; x < tft.width; x+=radius*2) {
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for (uint8_t y=radius; y < tft.height; y+=radius*2) {
tft.fillCircle(x, y, radius, color);

void testdrawcircles(uint8_t radius, uint16_t color) {
for (uint8_t x=0; x < tft.width+radius; x+=radius*2) {
for (uint8_t y=0; y < tft.height+radius; y+=radius*2) {

tft.drawCircle(x, y, radius, color);
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11. 9> 7)Y —R2 Processing Program

332



mport processing.serial.*;

Serial port;

final int XX = 400;

final int YY = 400;

final int RR = 180;

final color BACK = #222211;
/ffinal color NEEDLE = #FF7777;
final color NEEDLE = #99CCFF;
final color METER = #7799dd;
/ffinal color SCALE = #AAAAAA;
final color SCALE =#FF7777;
final color SPEED = #EEEEEE;

int sp,osp;
int X,y,0X,0y;

PFont font;

void setup()
{

font = loadFont("CenturyGothic-Italic-48.vlw");
textFont(font);

I xR AYAX

size(XX, YY); /lcanvas size

port=new Serial(this, "COMS9", 9600);
/lport=new Serial(this, "COM11", 9600);
/[port=new Serial(this, "COM14", 115200);

colorMode(RGB,256);
background(BACK);

SpeedMeter();

osp=0;

ox = int(width/2 - (RR-8) * cos(0)));
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oy = int(width/2 - (RR-8) * sin(0)));
drawNeedle(0,0);

drawSpeed(sp, osp, BACK, SPEED);

void draw()
{
/I background#FFCCO00); //set back ground color
/I ellipse(x, 100, 50, 50);
if(sp!=osp)
{
drawNeedle(sp,osp);
drawSpeed(sp, osp, BACK, SPEED);

0oSp=sp:;

void drawSpeed(int sp, int osp, color c1, color c2)

{
stroke(cl); /RO
fill(c1);
rect(width/2-81,width/2+2,width/2+6,64);
fill(c2);
text(nf(sp,3)+" km/h ", width/2-80,width/2+60);

void SpeedMeter()

{
strokeMETER);  //# D
strokeWeight(1); // RO KX
noFill0; Y DHEE 720
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arc(width/2, height/2, RR*2, RR*2, PI, TWO_PD);
drawScale();

void drawNeedle(int sp, int osp) {
float rad;

int xx,yy;

strokeWeight(3); // #rOKE
stroke(BACK); /[t
line(width/2, width/2, ox, oy); //E£3. LIFiO# 23

rad=PI * sp / 360.0; //scaling fucter = 0.5
x = int(width/2 - (RR-8) * cos(rad)));
y = int(width/2 - ((RR-8) * sin(rad)));

strokeWeight(1); // #ROKE
strokeNEEDLE); /{0t
line(width/2, width/2, x, y); /5 DA E— K
0X=X;

oy=y;

void drawScale()
{

int deg;

float rad;

int x0,y0,x1,y1;

for (deg=0; deg < 181; deg +=10) //#HE 10km/h HA7IZ B % i <
{
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rad=PI * deg / 180; //convert deg to rad
x0 = int(width/2 - (RR-3) * cos(rad)));
y0 = int(height/2 - (RR-3) * sin(rad)));
x1 = int(width/2 - (RR+2) * cos(rad)));
y1 = int(height/2 - (RR+2) * sin(rad)));

stroke(SCALE); /[t
line(x0, y0, x1, y1); /scale by 10km/h

void serialEvent(Serial p) //recieve from arduino
{
sp=port.read();
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