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ABSTRAK

Robot pada perkembangannya kian pesat, tidak hanya di peruntukkan pada bidang
industri namun juga sebagai media belajar yang mudah untuk semua kalangan. Dengan
herbagai fungsi kerjanya, robot banyak di minati dunia untuk di kembangkan untuk dapat
menggantikan manusia. Robot humanoid didefinisikan sebagai sebuah robot yang memiliki
bentuk dan sejumlah karakteristik menyerupai manusia, baik keseluruhan strukgur maupn
pergerakan dari robot itu sendiri.

KRI (Kontes Robot Indonesia) yang di selenggarkan oleh Direktorat Pembelajaran
dan Kemahasiswaan Kemenristekdikti (kementrian riset, teknologi dan pendidikan tinggi)
terutama pada devisi KRSTI (kontes robot seni tari indonesia) telah di selenggarkan selama
8 tahun, yaitu sejak tahun 2009 hingoa 2016. Keikut sertaan robot epretiwi-vd ITN {Institut
Teknologi Nasional) Malang mampu bersaing pada kontes regional dan nasional.

Pada tugas akhir ini telah di realisasikan dengan konsep jalan menggunakan
kompas sehingga dapat memandu robot secara ofomatis untuk mengoreksi kesalahan ketika
berjalan. Sensor kompas akan mendetcksi derajat yang di gunakan scbawai acuah argh
selama robot berjalan. Arduino sebagai kontroler memproses data-data vang nantinva akan
di kirimkan ke kontroler servo untuk menggerakkan robot.

Kata Kuncl : Robot Humaniod, kemenvistekdikti. KRI KRSTL Sensor Kompas, arduing,
konmroler servo.
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BAB 1
PENDAHULUAN

Bab ini membahas tentang latar belakang masalah, perumusan masalah,
identifikasi masalah, tujuan, pembatasan masalah, serta sistematika penulisan
laporan skripsi.

1.1  Latar Belakang

Di era saat ini, perkembangan robot sangat pesat dan telah banyak pihak
berlomba-lomba dalam menciptakan robot. Robotl humanaeid merupakan salah satu
tren risel yang banyak di kembangkan berbagai kalangan. Berbagai bentuk dan
metode banyak di kembangkan untuk menciptakan robot semirip mungkin dengan
sistem manusia. Humanoid robot adalah robot yang di rancang dan di bentuk
menyerupai manusia vang di kendalikan atau di kontrol untuk dapat menirukan

sepertl halnya manusia asli.

Kontes Robot Seni Tari Indonesia (KRSTI) merupakan acara bergengsi
antar kampus di indonesia untuk berkompetisi dalam merancang dan membuat
robor hwmanoid wvang di  selenggarakan Direktorat Pembelajaran dan
Kemahasiswaan Kemenristekdikti (kementrian risct, tcknologi dan pendidikan
tinpgi). Dimana Kontes Robot Seni Tari Indonesia (KRSI) merupakan kompetisi
yang disertai unsur-unsur seni dan budayalll. Robot humanoid yang di ciptakan
harus mampu menyerupai gerak seorang penari sesuai tema lari yang di lombakan
M Untuk menciptakan sebuah robot humanoid berbagai komponen diperlukan
untuk mendukung sistem yaitu kerangka robot. servo, aktuator, controller, sensor,

dan power suply.

Robat Aumanoid yang telah di buat di laboratorium robotika Institut
Teknologi Nasional (ITN) Malang untuk Kontes Robot Seni Tari Indonesia
{KRSTI) setiap tahun mengalami perubahan, dimana perubahan itu terus meningkat
kesulitannya dalam rancangan dan sistem control robot sesuai dengan tema tari
perlombaan. Pada Kontes Robot Seni Tari Indonesia KRSTI 2014-2015 yang di
dikerjakan mahasiswa sebagal Tugas Akhir yaitu perancangan dan pembuatan robot
humanoid 21 dof untuk kontes robot seni tari indonesia (Syshrijal Ugan Dinata,
2014) masih menggunakan 21 degree of freedom (DOF) dan menggunakan sistem




pendengaran robot yang langsung di dengarkan melalui lowdspeater di
arena [*!, Pada Kontes Robot Seni Tari Indonesia KRSTI 2016 mengunakan 27 DOF
(degree of fredom) dan menggunakan sistemn pendengaran melalui bluethooth
received, sehingga terdapat perubahan kerangka mekanik dan sistemn control untuk
di buat kembali agar semakin baik.

Masalah Aumanoid robot Epretiwi tahun kectahun adalah sistem jalan,
diantara penvebabnya adslah konsep jalan, kestabilan, mekanik, aktuator, medan
jejak dan telapak kaki sehingga robot kemungkinan robot terjatuh dan berbelok arah
sangat besar. Robot hAumanoid yang telah ada di laboratoriom robotika Institut
Teknologi Masional (FTN) Malang masih memiliki kekurangan yaitu salah satunya
sistem jalan yang melenceng arah jalannya. Salah satu peraturan perlombaan pada
saat pertandingan adalah pengurangan nilai jika refry, retry adalah kesempatan bagi
peserta lomba untuk memegang atau menyentuh robot, sehinga setiap kali retry
terjadi pengurangan nilai. Ketika mulai start robot akan berjalan melangkah maju
dan menghasilkan jalan berkelok dan memutar, untuk memperbaiki arah robot
masih di lakukan secara manual yailu mengarahkan robot kembali ke posisi hadap
lurus dengan melakukan refry, Sehingga jarak yang semestinya dapat di tempuh
dengan hanya 3-4 menit robot ini tidak dapat menyelelesaikanya.

Dari beberapa kondisi robot scbelumnya yang telah di buat, maka penulis
akan mengembangkan robot Epretiwi-v4 ini dengan sistem penunjuk arah
menggunakan kompas agar vobot dapat berjalan sesuai arsh navigasi yang di
tentukan dalam hal ini berjalan lurus dan berbelok arah sehingga meminimalisir
terjadinya refry atau pengurangan nilai, Dengan harapan pengembangan ini dapat
memperbaiki dan menyempumakaan sistem jalan robot serta dapat digunakan
untuk berkompetisi pada Kontes Robot Seni Indonesia (KRSTI).




1.2 Rumusan masalah
Berdasarkan latar belakang yang telah penulis paparkan, dapat di simpulkan

permasalanan yang akan di buat dalam karva ilmiah ini, yaitu :

1. Bagaimana membuat konsep jalan robot Epretiwi-v4 agar dapat berjalan
secara lurus menggunakan sensor kompas pada arena yang telah di tentukan
rulenya?

2, Bagaimana menempatkan sensor kompas pada robot Epretiwi-v4 yang
terpengaruhi oleh medan magnetik?

Bagaimana menentukan arah navigasi robot mengunakan sensor kompas?

3

1.3 Tujuan
Pengembangan ini bertujuan untuk melengkapi dan menyempurnakan

sistern jalan robot humanoid yang sebelumnya telah di buat dan mewujudkan saran
dari pengembang sebelumnya tentang “dibutuhkan metoda untuk mendeteksi posisi
robot sehingga dapat lebih cepat menentukan arah gerak robot.”*l. Robot vang
sebelumnya pada sistem jalan masih sangat banyak kekurangan schingga ketika
berjalan akan mengalami belok dan terus berbelok. Selain itu juga pengembangan
ini meminimalisir terjadinya pinalti atau pengurangan nilai akibat refry pada saat
lomba. Oleh karena itu, dalam karyva ilmiah yang akan penulis tuangkan mencoba
untuk merancang sistem jalan robot humaneid dengan menggunakaan kompas agar
robot berjalan lurus dan akan kembali ke jalurnya jika jalan berubah dari arah vang
telah di tentukan. Sehingga robot humanoid ini dapat di aplikasikan pada Kontes
Robot Seni Indonesia 2016.

1.4  Batasan Masalah
Agar dalam pembahasan pengembangan ini dapat sesuai dengan tujuan

yang di harapakan dan tetap fokus pada konsep awal, maka di perlukan batasan-
batasan. diantaranya adalah :
1. Robot yang di gunakan sesuai dengan rule Kontes Robot Sem Tari Indonesia
{KRSTT) 2016,
2. Arena atau medan jejak yang di gunakan sesuai rule Kontes Robot Seni Tari
Indonesia (KRSTT) 2016.
3. Tidak membahas gerak tari robot.
4, Tidak membahasa sistem komunikasi biuethooth robot.




1.3

Metodologi pemecahan masalah

Metode yang digunakan dalam penyususan skripsi ini adalah:

1.

1.6

Kajian Literatur

Pengumpulan data dan informasi yang dilakukan dengan mencari bahan-
bahan kepustakaan dan referensi dari berbagai sumber sebagai landasan
teori yang ada hubunganva dengan permasalahan pada pengembangan
device.

Perancangan Mekanik dan Sistem

Pembuatan design, pencarian bahan untuk pembuatan mekanik serta
melakukan pengujian derajat pada unit servo dan perakitan sistem

elektronik.

. Pengujian Sistem

Proses ujicoba rangkaian dan keseluran sistem untuk mengetahui adanya

kesalahan agar sistem sesuai dengan konsep vang telah dirancang.

. Pelaporan hasil pengujian dan kesimpulan.

Sistematika Penulisan
Untuk mempermudah dan memahami pembahasan penulisan skripsi ini,

sistematika penulisan disusun sebagai berikut:

BABI : PENDAHULUAN
Berisi tentang latar belakang rumusan masalah, tujuan, batasan
masalah, metodologi penelitian, dan sistematika penulisan.

BAB I : TINJAUAN PUSTAKA

Membahas tentang dasar teori mengenai permasalahan yang
berhubunpan dengan penelitian.

BAB Il : PERANCANGAN DAN IMPLEMENTASI

Bab ini membahas perancangan sensor kompas, arduino mega,
USC-32 visual squencer, motor servo, battery sebagai power,
voltage regulator meliputi mini regulator dan UBEC (Universal

Battery Eliminated Circuit) serta implementasi hasil perancangan.




BAB VI : PENGUJIAN DAN ANALISA
Bab ini membahas tentang pegujian dan analisa terhadap alat yang
telah di buat secara nyala.

BAB YV : PENUTUP
Berisi tentang semua kesimpulan yang berhubungan dengan
penulisan laporan skripsi, dan saran yang digunakan sebagai
pertimbangan dalam pengembangan robot humanoid epretiwi-v4

selanjutnya.




BAB 11
TINJAUAN PUSTAKA

Pada bab ini dijelaskan teori-teori penunjang vang diperlukan dalam
merancang robot Aumaneid vaitu berupa teori tentang robot humanoid, pengontrol

mikro, pengontrol scrve, sensor kompas dan power supply.

2.1 Robot HumanoidH

Di lihat dari unsur pembentuk katanya, robot Aumanoid terdiri dari kata
tobot dan humanoid. Definisi robot adalah “An awtomatic device that performs
Sunctions normally ascribed to humans or a machine in the form of a human”,
Sedangkan definisi dan fumaneid adalah sepala sesuatu yang memiliki strukiur
menyerupai manusia. Maka robot humanoid dapat didefinisikan sebagai sebuah
robot yang memiliki bentuk dan sejumlah karakteristik menyerupai manusia, baik
keselurohan struktur maupun pergerakan dari robot itu sendiri.

Faktor penting dalam merancang robot Aumanoid adalah keseimbangan.
Secara sederhana kestabilan dapat dicapai dengan menyeimbangkan (membuat
posisi nol) semua gaya - gaya yang bekerja. Titik pada posisi jumlah semua gaya -
gava yang bekeria menjadi nol disebut titik keseimbangan atau center of gravity.
Keseimbangan dicapai dengan mcerancang postur stabil dari setiap gerakan robot
humanaoid. Kestabilan robot paling banyak dipengaruhi oleh bagian kaki. Salah satu
teknik vang baik untuk membuat robot seimbang ketika berjalan adalah teknik
suppori polygon. Support polyeon adalah daerah berbentuk segi banvak wang
merupakan daerah di antara kedua kaki dengan bantuan paris lurus yang ditarik dan
siku luar masing-masing kaki. Prinsip dari teknik ini adalah menempatkan proyeksi
vertikal dari titik keseimbangan dari robot Aumaneid untuk selalu berada di dalam
support podygon ditunjukan pada Gambar 2.1,




Crambar 2. | Support Polygon

Tlerdapat 2 macam support polyeon yang dapat terbentuk pada robot humanoid.
yaitu

{. Double Support Polygon

Double Support Polyeon adalah kondisi pada saat robot bertumpu pada kedua
kakinya tetapi tidak harus kedua permukaan kakinya menempel penuh pada dasar,
Gambaran Double Support Polygon ini dapat dilihat pada Gambar 2.2a dan 2.2b.

2. Single Support Polygon

Single Support Polygon adalah kondisi pada saat robot hanya bertumpu pada
salah satu telapak kaki seperti pada Gambar 2.2(c).

| foorpring i "<‘_ -
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Gambar 2. 2 Support Polygon dengan Warna Abu-abu : (a) Double Support
Polyveon, (h) Double Support Polygon (Pre-Swing), (c) Single Support Polygon

2.2  Arduino mega 256015

Arduino mega 2560 adalash papan mikrokontroler sesual dengan
ATmega2560 ( ATmega2560 datasheet ). lc ini memiliki 54 pin digital input /
output { dan 14 pin input / output dapat digunakan hasil PWM ), 16 input analog ,
4 UART ( Universal Asynchronous Receiver / Transmitter ) untuk antarmuka




dengan RS5232 port serial perangkat diaktifkan termasuk komputer , 16 MHz
osilator , sebuah koneksi USB , powor juck , header 1CSP | bersama dengan tombol
sebagai reset, Gambar 2.3 menampilkan arduino mega 2560 secara fisik dan gambar
2.4 skematik arduinc mepga 256().
Fitur ATMEGA 2560
= High Performance, Low Power AVRE
o 8-Bit Microcontroller
» Advanced RISC Architecture
« High Endurance Non-volatile Memory segments
o 8K Bytes of In-System Self-programmable Flash program memory
o 4K Bytes EEPROM
o 8K Bytes Internal SRAM
o Write/Erase cyles: 10,000 Flash/100,000 EEPROM
o Data retention; 20 vears at 85°C/100 years at 25°C
o Programming Lock for Software Security
* Peripheral Features
o 16-channel ADC
o Programmable Serial USART
c Master/Slave SPl Serial Interface
o Byte-oriented 2-wire Serial Interface (Philips IC compatible)
o Interrupt and Wake-up on Pin Change
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Gambar 2.3 Bentuk Fisik Arduino Mega2 560
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Gambar 2. 4 Skematik Arduino Mega2360
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2.3 USSC32e

USC32 ( servo serial controiler) adalah serve controller kecil preassembled
dengan beberapa fitur besar. Confrolfer ini memiliki resolusi tinggi { 1ub ) untuk
posisi yang akurat , dan bergerak sangat halus. Rentang ini 0.50mS3 untuk 2.50mS
untuk jarak sekitar 180°. Kontrol gerak dapat respon langsung, kecepatan dikontrol,
gerakan wakiu, atau kombinasi keduanya. Yang unik dari USC32 controller ini
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memungkinkan setiap kombinasi servo untuk memulai dan gerak akhir pada saat
yang sama, bahkan jika servos harus pindah jarak yang berbeda. Ini adalah fitur
vang sangat kvat untuk membuat sebuah prototipe berjalan kompleks untuk robot
multi servo berjalan. Posisi servo atau gerakan dapat merespon permintaan unfuk
memberikan umpan balik ke komputer host, Bahkan USC32 servo robot humanoid
ini memungkinkan kontrol penuh terhadap semua aspek bolak balik gerak hanya
dengan mentransfer beberapa nilai dari host conmireller. Setiap output dapat
digunakan sebagai output dengan tingkat TTL. Ada 4 input digital yang statis atau
terkunci, sehingpa tidak perlu khawatir kehilangan data. Ada tiga blok terminal
untuk pilihan powering. Secara fisik USC32 di tunjukkan pada gambar 2.5.

CGrambar 2. 5 Bentulk Fizik USC-32 Serve Kowroller

Fitip 2w ool con

Fitur USC-32

s Power supply MCU : 6.5 ~ 12 Vatau 3,5 ~3.5V.
Mash: ROM 512K
s  Speed = 14.75 MHz

e control channel: simultaneous control af 16 paths. Inputs = 4 (Static
or Latching, Analog or Digital)
s control mode: USB and serial port (TTL) accept the command mode.

o Current requirements — 31mA
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o  PC interface = ush or serial port (USART, TTL)

s Serva control = Up to 32 servos plug in directly

s Servo type supported = Futaba or Hitec

e Servu travel range = 186°

s Servo resolution = TusS, .(09°

o Servo speed resolution = [ub / Second

s Servo motion control = fmmediate, Timed Speed or Synchromized.

e  PUB gize: Sfmm * 43 3mm * [ 6mm (mounting hole
spacing: 42%35 5mm).

»  signal output: PWM (precision 1US).

o Baud Rate : 9600, 19200, 28400, 37600, 115200, 1 28000

2.3.2 USC32 kenfigurasi

2.3.2.1 Catu daya
U'SC32 servo controller dapat di bedakan catu daya IC dengan di tandai V55

dan motor servo di tandai dengan VS, dimana catu daya IC bekerja pada tegangan
6.5v — 12v dan motor servo bekerja pada tegangan sesuai dengan kebutuhan catu
daya motor servo, dan catu daya yang di gunakan pada servo 6v. catu daya USC32
servo kontroler di tunjukkan pada gambar 2.6.

gambar 2. 6 Konfigurasi catu daya




12

keterangan gambar 2.6 :

1. Supply tegangan external melalui pin
2. Port mini USB

3. Port power supply 1C dan servo

4, LED indikator data

5. LED indikator power sullpy

2.3.2.1 port komunikasi

Sebagai jalur komunikasi mikrokontroller dengan USC32 servo kontroler
telah di sediakan pin serial Rx dan Tx. USC32 servo controffer di desain dapat di
menjalankan motor servo dengan menyimpan data pada memori internal. Selain
itu USC32 dapat menerima data dari external dengan mengunakan port serial vang
di tunjukkan pada gambar 2.7.

MCU
HAAH

Gambar 2. 7 pin komunikasi USC ke mikrokontroler

2.3.2.1 port data servo
USC32 servo kontroler dapat menjalankan maksimal 32 motor servo

secara kontinyu. Pin itu di tunjukkan pada gambar 2.8.
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Gambar 2. 8 pin motor servo [UNC32

2.3.2.1 Software torobot pengontrol servo

Dengan menggunakan soffware lorobot pengonirol sevo dapal dengan
mudah dalam menentukan gerak robot sesuai dengan keperluan gerak yang di
butuhkan. Aplikasi ini sangan mudah di pahami dan mudah dalam menggunaannya

seperti yang di tunjukkan pada gambar 2.9.
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Gambar 2. 9 Software Torobot Pengontral Servo

24  Mutor Servol™
Molor servo adalah motor yang mampu bekerja dua arah yaitu searah

jarum jam (clockwise) dan berlawanan jarum jam (couniercloclwise) dimana
arah dan sudut pergerakan rotornya dapat dikendalikan hanya dengan
memberikan pengaturan didy cyele sinyal PWM pada bagian pin kontrolnya, Secara
fisik motor servo di tunjukkan pada gambar 2.1(0.
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CGambar 2. 10 Berntuk Fisik Motor Serve

Artpeoiew praelectro comy fiulorialssserve. motorsservomoior iimi

Motor servo pada umumnya terdiri dari dua jenis, yaitu servo cortinuous
dan servo standar. Servo comtinuous dapat berputar sebesar 360 derajat,
sedangkan motor servo tipe standar hanya mampu berputar 180 derajat, Gambar
2.11 menunjukkan prinsip kerja motor servo.

Saryail Inpultan
RN

[N
&0 606 i

Clambar 2. 1] Prinsip Kerja Motor Servo

25  Voltage Regulator
2.5.1 UBECHH

BEC (Battery Eliminated Circdr) atau UBEC (Universal Battery
Eliminated Circuit) adalah perangkat elektronika yang berfungsi untuk
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menurunkan nilai tegangsn dengan nilai yang diinginkan. ubec ini berfungsi

layaknya sebagai voltage regulaior. alat ini biasa di gunzkan untuk menurunkan

tegangan dari input 6V-23V menjadi 5V dan 6V dengan memilih jumper yang
terdapat pada unit BEC (Umiversal Baitery Eliminated Cirenit). Bentuk fistk UBEC
(Universal Battery Eliminated Circuit) di tunjukkna pada gambar 2.12

Gambar 2. 12 Bentuk Fisik UBEC (Universal Battery Eliminated Circuit

fitp. v kobbvking. com/hebbyking'store) 6233 TURNIGY 8 154 UBEC |

or_Lipoly fitmf

Specification

2.5.2

Qutput Voltage: 5V or 6V (Changeable with a awitch )
Continuous output current: 8 Amps

Burst output current; 15 Amps

[nput: 6V-12.6V (2-35 Lipo battery)

Quiescent current: 60mA

Size: 42mm*39mm*9mm (length*width*height)
Weight: 36g

Micro Voltage Stepdown!®l

Micro voltage stepdown ini di fungsikan khusus untuk moter servo keeil

dengan catu dava 4,8v yang posisi servo kecil itu berada pada bagian tangan dengan

jumlah delapan motor servo. Gambar 2.13 menunjukkan secara fisik penurun

tegangan mikro.
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Spesifikasi :

2.6

Based on MP1584 high frequency step-down.

Input: 4.5v - 28v DC

Output: .8v - 20v DC

Output current: Sustained 2a, Max 3a (requires a heatsink)
Efficiency: Max 96%

Working Frequency: IMHz

Operating Temperature: -45%C - 85%C

Dimensions: 22x 17 x 4mm

Weight: 3g

Gambar 2, 13 Micro Voltage Ste "

fettprwwworiadiec.co ek vevspiiles/ plhofos/ 7208-2.ipg

Sensor Kompas!!
Modul Kompas HMCS5883L adalah sebuah sensor magnelometer yang

digunakan untuk menunjukkan arah mata angin digital, atan juga disebut kompas
digital. Modul ini menggunakan komponen utama berupa IC HMCS5883L yang
merupakan IC kompas digital 3 axis yang memiliki interface berupa 2 pin 12C.

Secara fisik sensor kompas di tunjukkan pada gambar 2.14
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Gambar 2. 14 Bentuk Fisik Sensor Kompas

http:sleap netadventures-with-ardiuino-pert-1.3

HMC5883L memiliki sensor magneto-resistive HMC118X series ber-
resolusi tinggi, ditambah ASIC dengan konten amplification, automatic degaussing
strap driver, offset cancellation dan 12 bit ADC yang memungkinkan keakuratan
kompas mencapai | sampai 2 derajai. Modul ini biasa digunakan untuk keperluan
sistem navigasi otomatis, mobile phone, netbook dan perangkat navigasi personal.

Modul ini memiliki 5 pin, diantaranya :

o VCC (5V)
o GND

e SCL

s SDA

e DRDY

Berikut adalah beberapa fitur dari Modul Kompas HMCS5883L. :
Berbasis sensor magnetoresistive 3 axis.
» 12-Bit ADC terkopling dengan Low Noise AMR Sensor yang memiliki 2
mili-gauss Field dengan resolusi kurang lebih 8 Gauss Fields.
» Tegangan kerja 5V DC.
» Menggunakan antarmuka [2C.
» Keluaran rata-rata maksimum 160 Hz.
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2.6.1 Koonfigurasi pin Sensor Kompas

Sensor kompas HMCS883L memiliki empat pin sebagai komunikasi dan
catu dava, seperti di tunjukkan pada gambar 3.15 dan konfigurasi pin chip di
tunjukkan pada gambar 3.16.

2738
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Gambar 2. 15 Pin Sensor Kompas HMUS883L

Sensor ini memiliki 5 pin, diantaranya :

1. VCC (5V)

2. GND

3. SCL §

4, SDA g6 E 2 8

5. DRDY A HHHE
i [} azf =ET
S e | [Ti] GHD
[ T N | (5T |
=5 R 5 | [a] okD

Gambar 2. 16 konfiurasi pin chip HMC5883L

Sensor kompas tipe HMC5883L merupakan sensor magnetometer dengan
tiga axis data yang di deteksi yaitu sudut X, sudut Y dan sudut £ seperti di tunjukkan
pada gambar 3.17.
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Gambar 2. 17 Tiga Axis Sensor Kompas Sudut X, Sudut ¥, Sudut Z

2.6.2 Komunikasi Sensor HMCS883L

I2C adalah komunikasi serial dua arah yang digunakan sensor HMCS883L
dimana menggunakan 2 jalur kabel transmisi SDA dan SCL. Sehingga pada
mikrokontroler harus menggunakan pin 12C yang telah di sediakan arduino yaitu
pin SDA dan SCL, Pada dasarnya dalam pemrograman arduine 12C telah disediaka
library wire.h sehinga memudahkan dalam penggunaan jalar komunikasi T2C. pin
pada HMC5883L untuk komunikasi 12C di tunjukkan pada gambar 2.18.

Crambar 2, I8 Pin [2C HMCI883E

Sensor kompas yang di gunakan adalah jenis HMC5883L keluaran dari Honeywell
electronik yang merupakan sensor magnet yang terkemas dalam surface mouni
3.0x3.0x0.9 mm 16-pin leadfess chip carrier (LCC) Berbasis on chip dengan 3
axis!’!, IC HMCS883L merupakan chip yang didesain untuk membaca medan
magnel bumi yang cocok untuk aplikasi penunjuk arah dan magnetometry. Contoh
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aplikasi modul ini antara lain untuk sistem navigasi otomatis, serta aplikasi-aplikasi

lain yang memerlukan pengukuran medan magnel.

Spesifikasi dari sensor kompas HMC3883L adalah sebagai berikut :

. Memerlukan catu daya 3,3 VDC dengan konsumsi arus yang rendah (hingga

100uA).
Memiliki sensor magnet dengan jenis magnetoresistif 3 sumbu

Memiliki jangkauan pembacaan medan magnet sampai dengan =8 Gauss
dengan resolusi 5 miligauss.

Memiliki akurasi kompas hingga 1° sampai 2"

5. Kecepatan keluaran maksimal data hingga 160 Hz (Single Measurement

2.9

Maode).

Kecepatan kelvaran maksimal data 0,75 Hz sd. 75 Hz (Continuous
Measurement Maode).

Menggunakan antar muka I2C yang dapat dihubungkan dengan berbagai
macam sistern mikrokontroler.

Memiliki dimensi modul yang kecil dan ringkas sehingga mudah
ditempatkan pada berbagai aplikasi.

power supply robaot 11111
Power supply pada robot humanoid epretiwi-v4 mengunakan baterai tipe

lipoly seperti di tunjukkan pada gambar 2.19. Baterai lipoly ini memiliki tegangan
full B.4v meski pada sampul baterai tertulis 7.4v, dengan kapasitas baterai persell
3.7v schingga total 3,7 x 2 = 7.4v. Pengunaan baterai lipoly ini di karenakan
beberapa askpek yang memiliki kelebihan dibandingkan dengan baterai tipe lainya.

Spesifikasi baterai :

o g A k)

Kapasitas 1300Mah
Tegangan 7 4v

Ukuran 70,44*34*17,35mm
Berat 75g

Discharge rate 25C continous
Soket banana 4.0
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kelebihan baterai lipoly :

1. Baterai LiPc memiliki bobot yang ringan dan tersedia dalam berbagai
macam bentuk dan ukuran.

2. Baterai LiPo memiliki kapasitas pcnyimpanan energi listrik yang besar,

3. Baterai LiPo memiliki tingkat discharge rate energi yang tinggi. dimana hal
mi sangat berguna sekali dalam mensupply dengan kebutuhan energi yang
cukup besar dalam penggunaan rentang waktu yang cukup lama.

Gambar 2. 19 Bentuk Fisik Baterai Lipoly

fittp: S wwns gensaceusacom: W8p-25c-1 30025 1 p fitmil




BAB III
PERANCANGAN DAN IMPLEMENTASI
Pada bab ini akan membahas tentang perencangan system robot humanoid,
algoritma jalan mengunakan kompas. anlisa kerja sensor kompas, perancangan
perangkat keras (hardware) dan power supply robot dan implemetasi pada robot

secara nyata.

i1 Rancangan Robot Humanoid Epretiwi-v4

Pada perancangan robol Aumanoid epretiwi-v4 vang di kerjakan pada tugas
akhir ini akan lebih berfokus pada sisten jalan, konsep jalan yang sebelumnya
banyak terjadi kesalahan dan melenceng dari konsep yang di inginkan,

Konsep mekanik adalah salah satu kunci perancangan robot humanoid,
karena system mekanik yang kokoh dan efisien akan mempengaruhi system jalan.
Salah satu acuan system kerangka mekanik untuk robot humanoid ini adalah rebot
soccer (robot sepak bola) darwinOP seperti yang di tunjukkan pada gambar 3.1,
dimana system mekanik yg kokoh dan stabil. Konsep mekanik epretiwi-v3 di
tunjukkan pada gambar 3.2 dan Konscp mekanik robot humanoid epretiwi-v4 yang
akan di buat seperti pada gambar 3.3.
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gambar 3. 2 Konsep Mekanik Epretiwi-v3’?!

Gambar 3. 3 Konsep Desain Robot Humanoid Epretiwi-vd, (a)Tampak Kanan,
(biTampak Belakang, (¢)Tampak Depan, (d) Ttampak Kiri,
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Gambar 3, 4 Robot Epretiwi-v3 dengan 21 Sendi'¥

Jumlah DOF (degree of freedom) pada epretiwi-v3 memiliki 21 DOF seperti
gambar 3.4 dengan keterangan sebagai berikut!?l.

.

Sendi pangkal betis pitch
Sendi pangkal betis rall
Sendi lutut
Sendi pangkal paha pitch
Sendi pangkal paha roll
Sendi pinggul
Sendi pergelangan tangan yaw
Sendi siku-siku
Sendi pundak roll

. Sendi pundak pitch

e W N g R W

P
—

. Sendi leher roll

Robot epretiwi-v4 pada pengembangannya mengalami penambahan jumlah
DOF (degree of freedom) sehingga menjadi 27 DOF (degree of freedom).
Penambahan itu terletak pada bagian tangan dan kepala yang di tunjukkan pada
gambar 3.5, Penambahan ini bertujuan untuk memperbanyak jumlah DOF (degree
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of freedomty sehingga keluwesan untuk menyerupai gerak manusia dalam

implementasi gerak tari sesuai rule perlombaan,

Gambar 3. 3 Letak Penambahan DOF (degree of freedom) di Tunjukkan dengan
Linghkaram Berwarnae Hijau

Pada pengembangan robot epretiwi-v4 yang di kerjakan untuk tugas akhir
ini jumlah DOF (degree of freedom) di unjukkan pada gambar 3.6 dengan jumlah
27 DOF (degree of freedomy),

2
4,16
2 8
21 9
24,12
27,15

26! 27 15

gambar 3. 6 Jumiah DOF (degree of freedom) Epretiwi-v4
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DOF (degree of freedom) yang di tunjukkan pada gambar 3.6 pergerakan sesuai
dengan arzh panah. Khusus untuk servo nomer 3, 4, 6, 7, 8,9, 10, 16, 18, 19, 20,
21. 22 pergerakan di lihat dari atas dengan pergerakan sama seperti arah panah yang
lain yang di tunjukkan pada gambar 3.7.

22 10

18, 20, 21 6,8,9

gambar 3. 7 DOF (degree of freedom) Servo Pergerakan dengan Arah Vertikal

Pengontrolan robot menggunakan kompas ini di dukung dengan mekanik
penggerak motor servo pada pangkal paha yang tidak ada pada robotl humanid
epretiwi-v3 sebelumnya. Dengan mengunakan pengontrol gerak pada pangkal paha
ini memudahkan robot untuk membuat gerakan berbelok ataupun memutar dengan
mudah. Pengontrol untuk penggerak berbelok ataupun memutar di tunjukkan pada
gambar 3.8 yang di tunjukkan dengan warna merah dengan nomer DOF (degree of
fredom) 22 pada gambar 3.6 adalah motor servo dan wama biru mekanik yang
menggerakkan kaki dengan nomer DOF (degree of fredoni) 10 pada gambar 3.6.

Gambar 3. 8 Sistem Mekanik Pengoniro! Berbelok dan Berputar Pada Kaki

Hal utama sebagai posisi awal robot harus di posisikan 0 atau initial value.
Untuk dapat membuat robot pada posisi 0 atau posisi initial value dengan seimbang
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maka titik keseimbagan harus berapa pada pusat grafity (center of graity),
Beberapa tipe initial value robot humanoid sesual dengan rancangan robot
humaneid epretiwi-v4 di tunjukan pada gambar 3.9. Initial value ini akan
menentukan ke stabilan dalam sistem jalan robot sesuai konsep teknik Support

polyeon.

Gambar 3. 9 Tiga Posisi Awal Robot

Untuk dapat membuat robot bergerak sesuai dengan yang telah ketentuan
meggunakan sensor kompas, maka akan di buat system control secara simple dan
mudah. Arduino akan meneriman data dari sonsor kompas melalui jalur komunikasi
I12C, dan arduino akan mengolah datanya. Data yang di terima oleh arduino akan
menentukan eksekusi pengontrol motor serve apakah jalan lurus atau harus
berbelok arah. Arduino mengirimkan data ke pengontrol motor servo melelui jalur
serial Rx, Tx. Sistem ini akan terus berjalan selama power supply pengontrol servo
dan arduino aktif. Diagram sistem ini di tunjukkan pada gambar 3.10.
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Kompas

L 2

urduino mega 2560

servin kontroler

L

Gambar 3. 10 Blok Alur Kerja Sistem

32 Susunan Kontrol Pengerak

Pengontrolan motor servo pada system gerak robot humanoid epretiwi-v4
akan mengunakan torobot RIOS USC, susunan panel kontrol motor servo di
tunjukkan seperti pada gambar 3.11. Setiap motor serve akan di wakili satu kotak
control sechingga pergerakan dapat di control dengan mudah. Dengan mengubah
nilai jumlah PWM atau menggeser panel pada panel servo seperti pada gambar
5 o

13

1y 12 8 2 1813225 23 || 24

10 18 22

T4 19 21

Gambar 3. 11 Susunan Panel Pengontrol Servo.
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Gambar 3. 12 Kotak Panel Kontrol untuk Mengubah Nilai PWM Motor Servo

Untuk setiap peri servo yang di hubungkan dengan panel control di
tunjukkan pada table 3.1, Hubungan antara porf dan panel control akan mewakili
setiap DOF (degree of freedom) pada robot.

Tabel 3. 1 Hubungan Antara Port dam Setiap DOF (degree of freedom)

Nomer port Nomer sendi pada Nomer port Nomer sendi pada
gambar 3.6 _gambar 3.6
1 24 17 -
2 16 18 2
3 27 19 1w
4 23 20 A
5 25 21 g |
' 6 ) 2 8
7 % %3 o
8 i7 7 7
9 21 25 3
10 20 26 14
11 19 27 -
12 18 28 12
13 1 29 11
14 22 30 13
13 - 31 15
16 3 32 4
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33  Sensor Kompas
Wiring sensor HMC3883L yang akan di gunakan sebagai kompas

mengunakan arduino mega2560 di tunjukkan pada gambar 3.13.

[RLEE T

O O e S R O R LR T i|__|

CRERREEERETIEIVEY
ELLLLELL
23 T
I—J i §UI T3
| SDAC oty i EI
SOLC S
O oeove g 5 R
WML L]

R SR ORC 1 G
Eronom
Shio DTy
w
L3 e
; -I[:::::] 2

Gambar 3. [3 Wiring Sensor Kompas

Sensor magnefometer HMC5883L akan menghasilkan data tiga axis X, Y,
Z data. Untuk menghasilkan data yang sesuia dengan keperluan sebagai kompas
digital maka data yang akan di gunakan adalah axis X dan Y. Data secara
keseluruhan axis X, Y. Z di tampilkan pada gambar 3.14 dengan percobaan sensor
magnetometer HMCS8831..

Gambar 3. 14 Data Axis X, Y. dan Z Dari Sensor Magnetometer HMCIS83L
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Untuk keperluan di gunakan sebagai kompas magnet digital maka sensor
HMC5883L akan di letakkan secara horizontal sehinga data axis nya adalah hX dan
h¥. Dari ke dua axis itu di konfigurasi secara matematis dalam program arduino.
Data dari hX ke —hX axis dan hY ke -hY axis yang di gambarkan pada garis
kartesius seperti di tunjukkan pada gambar 3.15.

Sensor magnetometer HMC3883L dengan data hX dan hY mula-mula akan
di diketahui titik pertemuannya sehinggan di peroleh nilai radian dengan
mengunakan fungsi library matematik pada arduino yaitu ATAN2 (sumbu hX,
sumbu hY). Arka tangen adalah sudut dari sumbu-x ke garis yang berisi asal (0,0)
dan titik dengan koordinat (angka x. angka_y), sudut diberikan dalam radian antara
-pi dan pi, tidak termasuk -pi'!**..

Misalkan data sumbu hX (35) dan sumbu hY (233), sehingga di peroleh :
ATANZ(35, 233) = 1,42 radian

Setelah di dapatkan nilai radian kemudian data tersebut di konfersi ke
derajat sebagai data arah kompas, dengan menggunakan persamaan :

Radian x 180/P1
1.42 x (180/PT) = 81.45 derajat

Tabel 3.2 menampilkan hubungan radian dan derajar dan gambar 3.16
menunjukkan satu lingkaran penuh dengan hubungan antara radian dan derajal.
Garis kartesius di tunjukkan seperti pada gambar 3.15 dengan sumbu hX dan hY,

‘Tabel 3. 2 Hubungan Derajat dan Radian

adions Radians
P (exact) (approx)

309 n/6 0.524
459 n/a 0.785
60° w3 1.047
909 xf3 1.571
180° n 3.142

27ro® Im/2 4.712

360° Fii.; 6.283
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Gumbar 3. 15 Degree Axis hX dan Y Dalam Garis Kartesius
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Flowcart sistem kerja sensor kompas di tunjukkan pada gambar 3.17 dan

Gambar 3.18 menunjukkan flowchart sistem pada Robot secara keseluruhan.

mula

Baca sumbu X
Baca=smmbu Y

Radian= ATAN2(sumbu X, sumbu )

Dagat =Radianx 180/F1

Print derajat

zalezag

Gambar 3. 17 Flowchart Data Derafat Kompas
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Gamabr 3. |8 Flowchart Ssistem Pada Robot Keseluruhan

34  Pengendalian Arah Robot Menggunakan Kompas

Dengan menggunakan sensor kompas untuk arah gerak robot dapat secara
otomatis menentukan nilai derajat, Arah kompas di tentukan dengan memberikan
batasan pada logika program yang telah di buat. Hal yang utama yang di tentukan
adalah arah tujuan robot. Dengan memberikan rentang robot sebesar 60°. 30°
sebelah kana dan 30° sebelah kiri yang di anggap sebagai jalan dalam keadaan lurus
dan jika robot melebihi dari derajat yang telah di tentukan itu makan robot di anggap
melenceng. Secara otomatis ketika kompas memberikan nilai keluar dari yang telah
di tentukan maka robot akan herbalik arak ke rentang derajat yang di tentukan
schagai tujuan atau jalan yang di definisikan sebagai lurus. Gambar arah robot di
tunjukkan pada gambar 3.19.
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Gambar 3. 19 fa) arah tujuan robot

Atrah robot kemnbali ke posisi

Arah robot kembali ke posist

(b) Robot Melenceng ke Kana

fc) Robat Melenceng ke Kiri
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35 Sistem Hardware
Robot humanoid epretiwi-v4 memilki system hardware yang merupakan

komponen pendukung supaya dapat bekerja dengan baik. Komponon hardware ini
meliputi :

1. Servo

2. Baterai

3. Sensor kompas

4. US(C32 servo controller
5. Regulator tegangan

Secara ke seluruhan system hardware di tunjukkan pada gambar 3.20. Dan secara
keseluruhan gkan di bahas di pembahasan berikunya.

o N

Y =
A, MAN 148 By~ By O
o v OUT BY 64 [
| servio = 5 4
| 480 — =
e o i e ddy

USC-37 SERVO CONTROLLER | ARDLIND MEGA 2560

} | | 13V ODC JACK
¥ o | FEEUT SERVIN VSR o ST
SERVO iR | e e adae
L8V : b pob 1 e

tegangan serva fangen (4.8v) ...

— e —
EERVO SERVOD I SERVD
B 5V BV
- il I 4

legangan servo
i sesuikan kebiutihan fhiss extermall...

Gambar 3. 21) Diagram Blok Sistem Hardware
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Alur kerja system hardware :

3.6

1.

Baterai akan mensupply USC32 servo kontroler, arduine, servo dan sensor
kompas di tandai dengan jalur warna merah. Tepangan servo dibagi menjadi
dua :

a. Servo tangan dan kepala dengan supply tegangan 4.8v berjumlah 10

buah.

b. Servo selain tangan dengan supply tegangan 6v berjumiah 17 buah.
Sensor kompas dengan tegangan 3,3v dan bfuethooth dengan tegangan 5v
mendapatkan supply tegangan dari arduino mega2560.

Komunikasi data di tandai jalur data berwarna kuning, bluethooth pin
analog dan sensor kompas menggunakan pin [2C dari arduino mega2560.
Komunikasi data arduino dengan USC32 servo kontroler melalui jalur serial
R¥/TX dan setvo menerima data dari USC32 servo kontroler.

UBEC (Universal Battery Elimination Circuil) berfungsi menurunkan
tegangan ke 6v, pada gambar 3.14 UBEC (Universal Battery Elimination
Circuit) secara langsung di pasang setelah baterai karena catu daya USC32
membutuhkan 6v untuk mengaktifkan 1C USC32 servo kontroler sebagai
pengonirol servo, Regulator 4,8v di fungsikan untuk mensupply tegangan
servo kecil yang terletak pada posisi tangan.

USBmini di fungsikan untuk koneksi USC32 ke computer. Jika USBmini
di gunakan maka suppy tegangan 1C USC32 sudah terpenuhi dan tidak di
butuhkan supply dari baterai seperti yg di tunjukkan pada gambar 3.14
dengan garis panah putus-putus.

Power Supply Robot
Secara keseluruhan kebutuhan dalam pengunaan tegangan dan arus harus

dapat di supply oleh baterai. Dengan menjumlah secara keseluruhan kebutuhan
supply tegangan dan arus kebutubhan robot dapat di kalkulasi sesuai dengan
kapasitas baterai dan waktu pemakaian yang akan di gunakan. Motor servo pada
robot Aumanoid epretiwi-v4 dibagi menjadi dua, yaitu servo dengan supply
tegangan 6v dan supply maksimal 4 8v dengan jumlah total motor serve 27 buah.

Dimana motor servo dengan tegangan supply maksimal 4,8v berada pada bagian
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tangan dengan struktur motor servo ukuran mini seperti di tunjukkan pada tabel 3.3

sesuai dengan tegangan kerjanya.

Tabel 3. 3 Hubungan Motor Servo Dengan Tegangan Kerja Sesuai Dengan Ragian

Servo Pada Gambar 3.6
Motor servo dengan supply Motor servo dengan supply
tegangan 6v pada gambar 3.6 tegangan 4.8v pada gambar 3.6
Nomer servo Nomer servo Nomer serve | Nomer servo
3 16 1 21
4 17 2
] 22 6
10 23 7
11 24 B
12 25 9
13 26 18
14 27 19
15 20

Jumlah motor servo dengan supply tegangan 6v berjumlah 17 dan motor
servo dengan supply tegangan 4,8v berjumlah 10, Untuk konsumsi arus dan waktu
kerja dari baterai secara keseluruhan akan di kalkulasi. Kapasitas 1300mAh berarti
baterai dapat menyalurkan 1,3A dalam 1 jam dimana :

1300mAh / 1000A = 1.3 mAh

Discharge rate adalah kemampuan baterai untuk memberi suppfy melebihi
kapasitasnya sendiri. Dengan Discharge rate 25C berarti baterai tersebut mampu
melepas arus sebesar 25C*1300mAh = 32500 mA = 32,5 A. Arus sebesar ini dapat
dikeluarkan oleh baterai dalam waktu sesaat (10-20 detik). Dalam keadaan fuf/
charger maka satu menit rata-rata baterai dapal mengeluarkan arus sebesar 32,5 A
{ 60 menit = 0.54]1 A/menit. Dengan membaginya dengan kapasitas baterai 1300
mAh maka diperoleh waktu sampai baterai habis adalah 1300mAh/541 (mA/menit})
=+ 2.4 menit. Ini terjadi jika baterai mensupply beban dengan arus 0.54 A/menit.

Kalkulasi beban secara keseluruhan dengan dua supply baterai :
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Baterai 1 :
Baterai kapasitas 13({mAh dengan beban :

v Motor servo
o 6v. total 17 motor servo =+ 23A

Total konsumsu arus £2300mA

Dischard rate baterai = Capasity mAh x C
=1300mAh x 25C = 323004

Sehingga kapasitas kerja baterai yang dapat di gunakan selama T adalah :

T 4 60 it
i meni

Keterangan :

T = waktu (menit)

Ah = kapasitas baterai (Ampere hours)
A = behan baterai {(Ampere)

p  1300mAah
~ 2300mA4

60 menit = £33 menit
Baterai 2 ¢
Baterai kapasitas 1300mAh dengan beban :

o Arduino mega 2560 ==+ 300mA

a 4.8y, total 10 motor servo =4 850mA

Total konsurmsu arus £1150mA

Dischard rate baterai = Capasity mAhx C
=1300mAh x 25C = £32500A




Sehingga kapasitas kerja baterai yang dapal di gunakan selama T adalah :
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_ 1300mAh

= m‘- &0 menit = 4+ 67 menit = 1,?jﬂm

Hasil Perancangan

Hasil perancangan robot fumancid epretiwi v4 di terangkan dibawah dan

hasil perancangan di tunjukkan pada gambar 3.21.

3.4

1.

o M- e

Data Teknis

Terdiri dari 27 servo yang dirangkai dengan plat aluminium, dibuat secara
handmade (buatan sendiri).

Memiliki 27 derajat kebebasan DOF (Degree Of Fredom).

Tinggi 550mm.

Rentang kaki 320mm.

Rentang tangan 600mm..

Luas telapak kaki panjang 100mm x 80mm .

Bahan yang dipakai plat aluminium dengan ketebalan 2mm.

Gambar 3. 21 Hasil Desain dan Perancangan Robot




3.7.2 Keterangan DOF (Degree Of Freedom)

Tabel 3. 4 Keterangan DOF (Degree Of Freedom)

Pangkal Lehar 1 DOF

Kepala Leher 1 DOF

Kepala Atas 1 DOF
Bahu 2DOFx2=4DOF
Tangan Atas Siku 2DOFx2=4DOF
Pergelangan Tangan 2DOF x2=4DOF
Kaki Atas Pangkal Paha 1 DOFx 2=2DOF
Paha 2DOF x 2=4DOF
Kaki Bawah Lutut 1 DOFx2=2D0OF
Pergelangan Kaki 2DOF x 2=4 DOF

Total DOF 27

3.7.3 Sistem Kepala

Sistern kepal terdiri dari 3 servo dengan pergerakan menggeleng, hadap

kiri, kanan dan mengangguk. Sistem kepala di tunjukkan pada gambar 3.22.

Gambar 3. 22 sistem pergerakan kepala
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3.7.4 Sistem badan

Pada badan di gunakan sebagai penempatan sistem kontrol mulai dan
arduino, pengontrol servo dan kompas, Sistem badan di tunjukkan pada gambar
3.23.

Gambar 3. 23 sistem badan

375 Sistem tangan
Sistern tangan meliputi bahu, siku dan pergelangan tangan dengan jumlah 6
servo. Sistem tangan di tunjukkan pada gambar 3.24.

Gambar 3. 24 sistem tangan
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3.7.6 Sistem kaki

Terdiri dari 12 servo yang dirangkai dengan plat aluminium. Telapak kaki
dilapisi dengan busa sehingga ketika melangkah tidak licin. Sistem kaki di
tunjukkan pada gambar 3.25.

Gambar 3. 25 sistem Kaki Robot Epretiwi v4

3. 7.7 Sistem Power Supply

Untuk memenuhi kebutuhan daya pada robot Aumaneid epretiwi v4, makan
di mengunakan 2 baterai tipe lipoly (litium polimer) yang di pasang seperti pada
gambar 3.26.

Gambar 3. 26 penempatan baterai
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3.7.7 Penempatan Sensor Kompas

Sensor kompas yang di gunakan pada robot humanoid epretiwi v4
peletakannya berada di bahu atas mengunakan penyangga seperti vang dii
tunjukkan pada gambar 3.27 sehingga tidak terpengaruh oleh motor-motor yang ada

pada rabat.

Grambar 3. 27 Peleiakan Sensor Kompas

3.7.8 Servo Pengontrol Jalan
Perancanan servo pengontrol di dasarkan untuk dapat mengendalikan jalan

robot, hasil perancangan di tunjukkan pada gambar 3.28.

Gambar 3. 28 (a) tampak depan




Gambar 3. 29 (b) tampek sebelah kivi

Gambar 3, 30 (c) Tampak Samping
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BARB 1V
PENGUJIAN DAN ANALISA
Pada bab ini menampilkan data - data hasil pengamatan dan analisa terhadap
pengujian kinerja robot meliputi, pengujian baterai, penurun tegangan dan motor
servo, pengujian kemampuan berjalan, berbelok dan beberapa posisi jalan.
Pengujian sensor kompas dalam menentukan arah robot dan pengujian kemampuan
robot ketika berbelok.

4.1  Sensor kempas
4.1.1 Pengujian Sensor Kompas

Sensor kompas HMC5883L yang di gunakan akan di uji dan sebagai
pembanding adalah menggunkan kompas digital pada smariphone android.
Penempatan sensor kompas pada robot terletak pada bahu sebelah kanan atas yang
di tunjukkan pada gambar 4.1 (a) dengan kondisi 0 derajat berada pada arah utara
pada gambar 4.1 (b).

Sejauh dalam impementasi, sensor kompas sudah cukup akurat dalam
menentukan arah mata angin yang sesui perencanaan, Tabel 4.1 menunjukkan data
pengujian sensor kompas di bandingkan dengan kompas digital pada smarfphone
android. Tabel 4.2 menunjukkan hasil perbandingan pengukuran sensor
HMC5883L dengan kompas asli smariphone.

Tabel 4. 1 hasil pengukuran kompas

Ak Pengukuran Asli | Error
(Derajat) (Derajaty) | (o)
Timur 33 o0 3
Barat 278 270 2.9
Utara 0 0 0
Selatan 189 180 11,1
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Tabel 4. 2 Pengujian Arah pada Sensor Kompas Dengan Kompas Smariphore

47

| Arah Sensor Kompas Kompas Smartphone Eror

Tujuan (derajat) (derajat) (%)
Timur
Barat

Selatan
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Utara

a

Gambar 4. 1 fa) Penempatan Sensor Kompas Pada Robot, (b) arah uata pada
kompas




a3

4.1.1.1 Analisa Sensor Kompas

Sensor kompas HMC3RBR3L sebagai pembanding menggunakan kompas
smartphone memilki perbedaan penyimpangan arah derajat. Penyimpangan itu di
presentasikan dengan perhitungan eror sebagai berikut :

derajat penguluran — derajat asli

Yoerror = : . x 100%
derajat asli

Timur=

93—-90

Yperror = ¥ 100%

Ertor timur = 1%

Barat =
278 - 270
bherror = T x 100%
Error barat =
Utara =2,9%

Y%error = 5 x 100%

Error utara = 0%
Selatan =

sherror < 200180 o
Errar = 180 (1]

Error selatan = 11,1%




4.1.2 Pengujian Sensor Kompas Sebagai Penunjuk Arah Robot

Menentukan arah robot sesual arena yang tersedia dengan mengpunakan
data nilai awal sensor kompas sebagai paiokan arah yang akan di tuju dan
memberikan nilai untuk batas maksimun dan minimum sebagai indikator bahwa

posisi robot menyimpang. Pengujian pada sensor kompas menggunakan serial
monitor mikrokontroler arduino mega 2560 di tujukkan pada tabel 4.3.

Tabel 4. 3 Percobaan Sensor Kompas Terhadap Arah Yang Akan di Tujuo.

Arah Min-
. a .
tujuan Max Serial Data Monitor
s
Robeot | (derajat)
i £ Rrdiins Megn ar Mega 15600 s 1 CArdninn Mega o Megn T9607
[BeEasacoing scale £ +/- 1.3Ga L%, 57, . [Decejat barus belok ERERN
SecEin) MSASUCERANC MCdE TO CONGLAOCUT  Jeg 4. ferajat harns belok WAUTER
Ke it TN mAE "‘""":‘:1 55.99...0cze7at haros belok FRERN
L= H!Dﬂm”“n 56.1L...0eratat haros balok EKLITIN
* . L
Timu'r i Llak kanan Jikm hesdingDegress Sefil
22 foslak kLrS jlka headirgDeqrees <slid
'I'I_Vﬂ.ta I3 o Bl e o e JmCaTat
o
Ejf:-:::]:: 143,41, ..Detalac hars belok KIRT
gﬂp 9 -.-' == -;_|,==¢;,“ 140.65...Dezajet harus belok KIRI
.“;;"'mm 14%.8%.. Derajat Baras belsl KTRT
et 140,97, . Derajes haraa belok KIR
FE 0O G L Avre Mepn o Megs 35680 EIE o o 0415 | Arduiiin Maga i Mega JEERT F
= Jecting acele Sa +r— 1,358 145.62. . DETRISE harus balok FRSRH
TerCing measn-ement omde GO COLTEnQCUE 145,47, . .Daceiat harus Balak LRAAR
T 5
ke e T 149,24, .. Desajar harns belok KANAD
1 IDegres "
E-::le s b e 144 .86, . . Decajar harns melok pANAH
"
SCIEII'.HII_ balsk kansn Jiia Eaadisglesres=s =158 200 e LY [ Ardoino Mege or Mega, mﬂ]
.224: elok kfri jZda headingDegrees <=adl I
ata {z80_28. .. DacajeE
ny A28 eEmpet 210.31. ..Dezsjat harss balok KIRI
5 ‘::;: 5 E::jﬁ 208, 70. ..Derajat 2aras belok HIAT
180 ;pq'.."'“n;“ 20570 . .Darajac darns belok KIRI
Al adlDran
710,37, . .Derajac Desws belok EIAL




51

e VAL | ety Wi 2 D RS . 1 11111 % (& reluisnay Meoga o Megn 28
Lo e 357.60_ . Merajat harums belsl FIET
Ke REAR s e 35760 . iDe heres belak FIBT
cring mmdsnrement mode SooCcodtIfiuods Gl . .Derajat nazua AT, (A
palibrast Eompas .. A57.27...Derajar harus balak EIRI
Utara alngDegrans=1.0 357.27...0eradat narws belok FIRI
220 nal=l _ o COMT Y [Anbes Hegas or Moga 25607
ﬂ}raia 1ek Wanan J1lkd headinglegzes: »=-I1
ek klel jlis PeadingDagress =23
.40 DM ER]AT
0° o DR 25.93...0erajat hacus belok ETET
80, . Dazajac i6.97...0ecazet harus belok HIRI
0. - Darajac 26.B3...0arajat harws belok HIRT
.86 . Deradac 28.81...0erajar harus belok HIRI
mE R hrrhaing Phenn o Mega 25600 T U S Lur Ly | foduinmn Megae ror Mg BEE8) _l
0.345ecslng azals co +/~ 1.3Ge 213,18, ..0eraiac barve belok EaA
KE Sarring mAasursment mods To coabifuoda 242.23. . Derajat harus belak ERERE
ratibrasd kompa, . . 243.69. .. Derajat NaTed belok CAERN
ingiegEsessIl. 32 24355, _.0ecagak harm belnk EAERE
Barat s L=370
22" 1ok anan Jipm hesdicgDegrees F=133 8 LML [Aoduina Hegs wlﬁmm-,'-
1ok kirl jiim headinglegress <=1
ﬂ}fatﬂ 27698 , _Derajac
5 d70-08- ;- Deragat 29%,49, ., Daraist Barus belck KIRI
2?{] I10 .6, Derazat 235,50, ., DerasjaT harus belok KTRI
e 298,28, .. Derajer hatus belok ECRI
70l Py 248,87, .. Derajan harus belok HCHI

4.1.2.1 Analisa Sensor kompas Sebagai Penunjuk Arah Robot

Sensor kompas yang di gunakan untuk menunjukkan arah robot di
bandingkan dengan kompas smartphone sudah cukup akurat. Untuk keperluan pada
robot vang di gunakan pada tugas akhir ini sudah cukup baik, di karenakan data
derajat hanya sebagai data patokan saja (tidak di fungsikan secara akurat).

Pada pengaplikasinnya saat lomba ada kendala pada sensor kompas, yaitu
arena kontes berdekatan dengan sound sistem yang cukup besar sehingga magnet
vang di hasilkan mempengaruhi sensor kompas. Arah tujuan robot pada
pengaplikasiannya dapat bekerja dengan haik, namum jika heading pada kompas
menunjukkan pada rentang 20° dan 340° pada gambar 4.2 di karenakan batas
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maksimal dan minimal pada ketentuan robot yang di anggap melenceng, sehingga
robot akan melakukan gerakan berbelok ke kiri dan ke kanan secara berulang.

P,

b 1]

e
"

...I,:l:,ﬁ.
L]

1y

- o

i II||'|'|:|||'I-I|Tl?l.'7'--iI.'.llln:.'ﬁ".'n'.'n'Fl,"

wmm'ﬂ.ﬁ

%.. Kb i
Jm'!"'lll'l:'ﬂ|E|.||IJ,I,I,||!|'|:.','.'.'.'.';'-'."&'I

Gambar 4. 2 eror pada posis U°

Misalkan arah tujuan robot dengan center 12°, dengan max dan min 25° ;
12° max, argh kanan = pada 37°
12° min, arah kin = pada 0°, kurang 5°
Dengan demikian ketika robot melenceng dengan gerakan berlebihan kompas akan
mendeteksi lebih seberang daro 0° wvaitu 360° danmengakibatkan robot terus
menjalankan garakan belok kiri secara berulang.

4.2  Pengujian Motor Servo Terhadap Sensor Kompas

Pengujian motor servo dilakukan menggunakan sensor kompas, arduino
mega 25600 dan pengontrol servo USC32. Pengujian ini bertujuan untuk melihat
kinerja motor servo terhadap data dari sensor kompas. Dengan data sensor kompas
180° - 240° adalah center, kurang dari 180° belok kiri dan lebih dari 240° adalah
belok kanan. Gambar 4.3 menampilkan gerak motor servo keadaan cenfer pada saat
sensor kompas menunjukkan 180° - 240°, Gambar 4.4 menampilkan gerak motor
servo pada saat sensor kompas menunjukkan kurang dari 180°, Gambar 4.5

menampilkan gerak motor servo pada saat sensor kompas menunjukkan lebih dari

240°.




227.4E.. .CEFTER
1227.00. . .CENTER
\228.52. . .CENTER
|227. ¢e. . .cENTER
228.50..,CEFTER
|225.53. . .CEFTER
|227.27...CERIER
|228.83. . ,CENTER

Gambur 4. 3 Motor Serve 90° Data Kompas 180° - 240°,

|

T s ST s S IR S e T s T

259.84...harus belok EIRT
261.44...harns belok EIRI
Z60.15...harus belok KIRI
260.40; . .harua belok KIRT
161,18...hatus belok EIRL
262.10...harus belok KIRI
260.52. ..harua belok KIRI
2€1.62. . .harus belok KIRI
281.76. . .haros belek FKIRI
2e70.63. . .harus belok HIRT
267.02. . .haros belok KIRT
{261.44. . .harus belok FIRE

Gambar 4. 4 Motor Servo 180° Data Kompas lebih dari 240°,

£ COMI3 (Arduine Mega or Mega 2560)
|

;-_nu:-; 1-4.... 5 -J.lh.l_LI.L.l T LI T PR

{131, 55 . harus bhelink KRANAN

135.582...harua belok KAHAN
1141.52. .. harus belnk YANAN
|132.91...harus Delok KAHAN
|136.68...harus belok KARAN
!135.83...harus belok KABAE
'135.42...hazrus belok KANAN
140.63...harus belok KANRHE
139.66...hatas belok LAKRN
{134.19...harus belok LANAN
|136.19...harus belok LKAMAR

Gambar 4. 5 Motor Servo 0° Data Kompas kurang dari 180%.
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4.2.1 Anlisa Pengujian Motor Servo Terhadap Sensor Kompas

Pengujian motor servo terhadap sensor kompas dilakukan untuk melihat
kinerja kompas dan servo vang di program apakah sudah sesuai dengan yvang di
inginkan. Pada percobaanya sensor kompas telah sesuai dengan derajat di tentukan

dan motor servo bergerak sesuai dengan derajat vang di tentukan,

4.3  Initial Value Robot

Initial value adalah posisi 0 awal servo yang berfungsi sebagai data posisi
awal ketika robot di hidupakan. Posisi intial value dalam percobaan tugas akhir ini
meliputi intila value robot tegak, intila value robot setengah jongkok. Data

4.3.1 Initial Vaine Robot tegak

Posisi imitial value tegak pada pengontrol di tunjukkan pada gambar 4.6 dan
gambar 4.7 gambaran telapak kaki initia! value. Pada tabel 4.4 di tunjukkan posisi
servo dengan nilai PWM ( Pulse Width Modulation ) pada setiap motor servo.
Gambar 4.8 menunjukkan posisi initial value robot secara nyata dengan tampilan
dari sebelah kanan dan depan.

= T R T i T e e . F A
WA rmmm HY DX Em Twess s D et

Gambar 4. 6 Tampilan Initial Value robot tegak Puda Pengontrol Motor Servo
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Telapak felapak
Kali Kali
Kunan Kin

Gambar 4. 7 Gambaran Telapak Kaki Initial Value

Gambar 4. 8 menunjukkan posisi initial value robot secara nyata dengan tampilan
dari sebelah kanan dan depan.




Tabel 4. 4 Data Posisi fnitial Falue Robot tegak

PWM | Waktu
No Servo (415} (mS) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
55 963 PR Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2100
o Bahu kiri
B 2000 Luar
12 1167 Atas
Siku kiri
11 1189 Bawah
0 | 1700 1000 | Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
2B 1078
i Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
31 1722 Depan Telapak kaki
26 1471 Belakang kanan
14 1456 | Pangkal paha kiri
4 1300 Depan
= ep— Paha kiri
] 1789 Belakang
5 022 Lutut kiri
i — Bepan Telapak kaki
3 1343 Belakang

i kiri

56




57

4.3.1.1 Penerapan Jalan Pada I[nitial Value Robot Tegak

Pada initial value robot tegak dapat di implementasikan konsep jalan yang
di rencanakan yaitu dengan konsep suport poligon. Pada penerapannya. konsep
jalan ini menggunakan dua konsep yang sama namun perbedaannya hanyalah
jurnlah step.

A. Konsep Jalan Empat Step
Secara keseluruhan, konsep jalan dengan empat step ini dapat di lihat dan di
tunjukkan peda tabel 4.5, Gambaran keseluruhan kaki robot pada posisi COG

{center of grafity) di tunjukkan pada gambar 4.9.

Gambar 4. 9 eambaran sistem jalan Empat step tegak
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Tabel 4. 5 Konsep Jalan Dengan Empat Step

St l kite " Gambaran Pada Telapak Kaki dan Tampilan Robot
-’ e COG (center of grafity) | Secara Asli
1 ! . . 4

elapeds Lﬂ:?llk
Kokl kanmy
ki 1
K Eeamiin s
|
: |
|
Telapnk i t :
Telugpak H-“LI
'NIJN kanzm 2
LT Kamon !
3
|I."|l-.:ll.'31
ke
i g 3
Kaki
s i
ki Foaman
4
Telapak
ki | || et A
[ Kintin
: Eirn E
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Data nilai PWM (pudse widta mudilarion) pada gerakan per step jalan pada
initial value robot tegak untuk setiap servo di tunjukkan pada tabel 4.6 untuk step
satu, tabel 4. 7untuk step dua, tabel 4.8 untuk step tiga, tabel 4.9 untuk step empat.

Tabel 4. 6 Data Nilai PWM Posisi Robot Tegak Step Satu

No Servo P{ 1iS) ‘T;l;;" Keterangan Servo
13 1589 kepala
18 1500 L.eher
16 1633 Pangkal Leher
25 963 Lanr Hahul. Jearia
23 1878 Atas ,
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dalam Bahu kiri
2 2033 Luar
12 1167 Atas R
Siku kiri
11 1167 Bawah
10 1700 Pergelangan tangan kiri
9 1033 00 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144 Depan
I Paha kanan
29 1344 Belakang
30 1678 Lurut kanan
31 1589 Depan Telapak kaki
I 26 1344 Belakang kanan
14 1456 Pangkal paha kiri
4 1776 De
s Paha kiri
l 1078 Belakang
5 1322 Lutut kiri
7 1322 Depan
3 P Belakang Telapak kaki kiri




Tabel 4, 7 Data Nilai PWM Posisi Robot Tegak Step Dua

PWM | Waktu
No Servo (u5) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1633 Pangkal Leher
32 767 Dalam
75 963 tan Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233 alam
D Bahu kin
. 2033 Luar
12 1167 Atas -
Siku kiri
11 1167 Bawah
10 1700 700 Pergelangan tangan kin
9 1033 Telapak tangan kanan
19 | 1544 Pangkal paha kanan
28 1078 De
i Paha kanan
29 1433 Belakang
30 1567 Lutut kanan
i e Repl Telapak kaki
26 1500 Belakang kanan
14 1456 Pangkal paha kiri
4 1776 De
e __ | Paha kiri
I 989 Belakang
5 1322 Lutut kiri
T 1335 Depan Telapak kaki
3 1589 Belakang | kiri

&0




Tabel 4. 8 Data Nilai PWM Posisi Robot Tegak Step Tiga

PWM

Waktu

Neo Servo (25) (m5) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1633 Pangkal Leher
32 767 Dalam
5 3 = Bahn kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dedem Bahu kir
8 2033 Luar
12 1167 Atas \
Siku kiri
11 1167 Bawah
10 | 1700 700 | Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 ‘Pangkal paha kanan
28 1078
Dcp_-an— Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1611 Depan Telapak kaki
26 1589 Belakang kanan
14 1456 Pangkal paha'ﬂﬁ
4 1833 De
e Paha kiri
1 1211 Belakang
5 1078 Lutut kiri
7 1456 Depan Tel kaki
3 1567 Belakang kiri
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Tabel 4. 9 Data Nilai PWM Posisi Robot Tegak Step Empat

PWM Walktuo
No Servo (5] (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1633 Pangkal Leher
32 767 Dalam
55 963 = Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
F 2233
s Bahu kiri
B 2033 Luar
12 1167 Atas
Siku kiri
11 1167 Bawah
10 1700 700 Pergelangan tangan kini
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1078 I
e Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1662 Depan Telapak kaki
26 1478 Belakang kanan
14 1456 Pangkal paha kiri
4 1776
Depan_ Paha kiri
1 1078 Belakang
5 1233 Lutut kiri
. e Depun Telapak kaki
3 1611 Belakang kiri
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B. Konsep Jalan Enam Step

Secara gambaran, konsep jalan dengan enam step ini ditunjukkan pada tabel

4.10 dan di lihat melalui telapak kaki robot. Gambaran keseluruhan kaki robot pada

posisi COG (center of grafity) di tunjukkan pada gambar 4.10.

Gambar 4. 10 gambaran Sistem Jalan Tegak Empat Step

Tabel 4. 10 Konsep Jalan Dengan Fnam Step

3 Tampilan
Gambaran Pada Telapak Kaki
Step | Keterangan dan COG (center of grafity) Rnhuifli:cm'ﬂ
1 =
i lebapak
II|:I.1_p.:.Il. Kaki
h}.\:: Koikmnn 1
---------- ki Keaman
2
"""""" 1' Telapak
Talapak, E!LI
i :e
(§E (STt ]

Lanjutan tabel 4.10




B4

3
Telapak
Kaki
Tolapak | | 000
Kok 3
KI”
Kin Padsian
4
S
Telapuk
Kk S 4
Kirt Telppak
Kok - :
lanan kar Foxnan
5
e
Felmpak i
Koakei
; Telapak
ke Kaki 5
hanm
z Kin hoarsin
6
Telapak |
Kok
Km Telapak
Kibi 6
| | Kuanan
Kiri Kimamn

Data nilai PWM (pulve width mudulation) pada gerakan per step jalan pada
initial value robot tegak untuk setiap servo di tunjukkan pada tabel 4.11 untuk step
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satu, tabel 4.12 untuk step dua, tabel 4.13 untuk step tiga, tabel 4.14 untuk step
empat, tabel 4.15 untuk step lima, tabel 4.16 untuk step enam,

Tabel 4. 11 Data Nilai PWM Posisi Robot Tegak Step Satu

PWM Wakto
No Serveo (25) (mS) Keterangan Servo
I3 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 =AW
75 v e Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dalam Bahu kiri
8 2000 Luar
12 1167 Atas
_ 1 Siku kiri
11 1478 Bawah
10 1700 700 Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144 De
= Paha kanan
20 1433 Belakang
30 1678 Lutut kanan
31 B 1544 Depan Telapak kaki
26 1344 Belakang kanan
14 1456 Pungkal paha kiri
4 1776 n -
Depa Paha kiri
1 1078 Belakang
5 1322 Lutut kiri
7 1211 Depan
Telapak kaki kiri
| 3 1640 Belakang BRI Rl




Tabel 4. 12 Data Nilai PWM Posisi Robot Tegak Step Dua

PWM Wakto
No Servo (uS) {ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
35 963 - Bahu kanan
23 1878 Atas
Siku kanan
24 L1367 Bawah
e 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
algm, Bahu kiri
B 2000 Luar
12 1167 Atas
Siku kiri
11 1478 Bawah
10 1700 700 'P?:rgelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144 an
D Paha kanan
29 1433 Belakang
30 1678 Lutut kanan
. ka4 HED Telapak kaki
26 1344 Belakang kanan
14 1456 Pangkal paha kiri N
4 1776
Depan Paha kiri
1 1056 Belakang
5 1322 Lutut kiri
! . o Telapak kaki
3 1633 Belakang kiri




Tabel 4. 13 Data Nilai PWM Posisi Robot Tegak Step Tiga

! PWM | Waktu )
No Servo S) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
35 963 == Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dalen Bahu kiri
8 2000 Luar
12 1167 Atas ey
Siku kin
11 1478 Bawsh
10 1700 700 Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144 De
= pan— Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1597 Depan Pelnpak ki
26 1611 Belakang kanan
14 1456 ‘Pangkal paha kiri
4 1789 De
P | pabatn
1 1211 Belakang
5 1078 Lutut kiri
? ek Depan Telapak kaki
3 1567 Belakang kiri

&7



Tabel 4. 14 Data Nilai PWM Posisi Robot Tegak Step Empati

PWM Waktu
No Servo (4S) mS) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
35 963 Vi Bahu kanan
23 1878 Atas
Siku kanan
24 15367 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
F 2233
i Bahu kiri
g 2000 Luar
12 1167 Atas
Siku kiri
11 1478 Bawah
10 1700 700 Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144 an
e Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1597 Depan Telapak kaki
26 1611 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 Depan
Paha kiri
1 1211 Belakang
5 1078 Lutut kiri
7 1456 Depan Telapak kaki
3 1567 kiri

Belakang ‘




Tabel 4. 15 Data Nilai PWM Posisi Robot Tegak Step Lima

PWM Wakitu
No Servo (115} (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
35 963 s Bahu kanan
23 1878 Atas
Siku kanan
24 15367 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dekm Bahu kiti
B 2000 Luar
12 1167 Atas
Siku kiri
11 1478 Bawah
10 1700 700 Pergelangan tangan kiri
o 1033 Telapak tangan kanan |
19 1544 Pangkal paha kanan
28 1322 Depan
Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1589 Depan elapak kaki
26 1611 Belakang kanan
14 1456 Pangkal paha kini
B 1789 D
e Paha kiri
| 1233 Belakang
5 1078 Lutut kiri
7 1456 Depan Tetapak kaki
3 1567 Belakang kiri
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Tabel 4. 16 Data Nilai PWM Posisi Robot Tegak Step Enam

PWM Waktu
Ne Servo us) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
55 963 = Bahu kanan
23 1878 Atas
: Siku kanan
24 1367 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2233
Dyam Bahu kiri
g 2000 Luar
12 1167 Atas :
Siku kiri
11 1478 Bawzh
10 1700 | 700 | Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 | Pangkal paha kanan
28 1344
ki Paha kanan
29 1433 Belakang
30 1500 Lutut kanan
31 1611 Depan Telapak kaki
26 1500 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 Depan
Paha kiri
1 1167 Belakang
3 1189 Lutut kiri
¢ il Tafpan Telapak kaki
3 1611 Belakang kiri
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4.3.2 [Initial Value Robot Setengah Jongkok

Posisi initial value setengah jongkok pda pengontrol di tunjukkan pada gambar
4.11, gambar 4.12 merupakan gambaran telapak kaki initial value dan Posisi fritial
Value Robot Sciengah Jongkok Secara Nyata di tunjukkan pada gambar 4.13. Pada
tabel 4.17 di tunjukkan posisi servo dengan nilai PWM ( Pulse Width Modulation)

pada setiap motor servo,

i o =
ﬁ - I;l . -:_._ -
= TLa s

e s

Gambar 4. 11 Tampilan Initial Value robot setengah jongkok Pada Pengontrol
Motor Servo.

Tehupiak Titanak
Kl Kzl
hana ke

Gambar 4. 12 Gambaran Telapak Kaki Initial Value

Gambar 4, 13 Posisi Initial Value Robot Setengah Jongkok Secara Nyata




Tabel 4. 17 Data Posisi Initial Value Robot Setengah Jongkok

e

" PWM | Waktu
No Servo (5] (mS) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 789 Dalam
75 563 ot Bahu kanan
23 1878 Atas
Siku kanan
24 1567 Bawah
22 1433 Pergelangan tangan kanan
21 1744 Telapak tangan kanan
2 2100
Dot Bahi kis
8 2000 Luar
12 | 1167 | Atas
Siku kiri
11 1189 Bawah
10 | 1700 1000 | Pergelangan tangan kiri
9 1033 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1078 D
epan : Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
3l 1722 Depan Telapek kaki
26 1471 Belakang kanan
14 1456 Pangkal paha kiri
4 1300 Depan
i Paha kiri
1 1789 Belakang
5 022 Lutut kiri
7 1456 Depan Telapak kaki
3 1343 Belakang kiri
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4.3.2.1 Penerapan Jalan Pada Initial Value Robot Setengan Jongkok

Pada initial value robot sctengah jongkok dapat di implementasikan konsep
jalan vang di rencanakan yaitu suport poligon. Pada penerapannya, konsep jalan ini
menggunakan dua konsep vang sama namun perbedaannya hanyalah jumlah step.

A. Konsep Jalan Empat Step

Secara keseluruhan, konsep jalan dengan empat step ini dapat di lihat pada
gambar 4.14 dan di tunjukkan pada tabel 4.18.

AAN A

Gambar 4. 14 Gambaran Sistem Jalan 4 Setengah Jonghkok
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Tabel 4. 18 Konsep Jalan Dengan Empat Step

ste Lt Gambaran Pada Telapak Kaki dan Tampilan Robot
? °E COG Secara Asli
l oy "
- BT Ry
I : Telapak
[elapak K“k!-h‘ 1
Kaki Kkird
Katim
Kanan Kiri
.
T-..'hlpul.
Telapal t::‘rll &
klwaik)
ko amEn
Kianan Kin
3
ey
Telapuk :
K lhuki
Wiwgn ¢ 1 R | 3
Teelapuek
h:.ﬂ.l
i TR Foiri
4
Telagunk
ki
Fapn 4
Kamun Firi
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Data nilai PWM (puise width mudulation) pada gerakan per step jalan pada
initial value robot tegak untuk sctiap servo di tunjukkan pada tabel 4.19 untuk step
satu, tabel 4.20 untuk step dua, tabel 4.21 untuk step tiga, tabel 422 imtuk step

Lmpalt.

Tabel 4. 19 Data Nilai PWM Posisi Robot Setengah Jongkok Step Satu

PWM Wakitu
No Servo (S) (ms) Keterangan Servo
13 1589 kepala
18 15040 Leher
16 1567 Pangkal Leher
32 878 Dalam
75 977 e Bahu kanan
23 1878 Atas .
Siku kanan
24 967 Bawah
22 1433 Pergelangan tangan kanan
1 1722 Telapak tangan kanan
i 2500
Thalam Bahu kiri
) 2000 Luar
12 | 114 Atas "
Riku kiri
11 1989 Bawah
10 1700 1000 Pergelangan tangan kiri
9 989 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1078 De ]
¥ Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
31 1744 Depan Tolapak kaki
26 1611 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 [Depan
s Paha kiri
i 1367 Belakang
5 947 | Lutut kiri
7 1389 Depan 1
k kaki kiri
3 1544 [ Belakang Telapak kakd lin




Tabel 4. 20 Data Nilai PWM Posisi Robot Setengah Jongkok Step Dua

[ PWM Wakitu .
No Servo (uS) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher -
16 1567 Pangkal Leher
32 878 | Dalain
25 072 s Bahu kanan
e S |
23 1878 Alas
Siku kanan
24 o067 Bawah
22 1433 Pergelangan tangan kanan
21 1722 Telapak tanpan kanan
2 2500
Belem | Bahu kiri
2000 Luar |
12 1143 Atas |
_| Sikukiri
11 1989 Bawah i
1] 1700 1000 Pergelangan tangan Kiri
o 089 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1144
Detet Paha kanan
29 1478 Belakang
30 1856 Lutut kanan
3l 1789 Depan Telapak kaki
26 1544 Belakang kanan
14 1456 Pangkal paha kiri '
4 1789 D '
. Paha kiri |
1 1322 Belakang |
5 944 Cutut kir |’
4 8¢ i Telapak kaki ‘
3 1500 | Delakang kit |
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Tabel 4. 21 Data Nilai PWM Posisi Robot Setengah Jongkok Step tiga

PWM

Waktu |

No Servo (15) (ms) | Keterangan Servo
18 1500 | Leher
16 1567 Pangkal Leher
il §78 Dalam
25 922 Taar Bahu kanan
X 1878 N
Siku kanan
24 967 Bawah |
22 1433 Pergelangan tangan kanan
21 1722 Telapak tangan kanan
gt
il ‘ Bahu kiri
2000 Inec
12 1143 Atas |
| Siku kiri
1 1989 Bawah
10 1700 1000 | Pergelangan tangan kiri
9 989 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 944 De
= Paha kanan
29 1389 Belakang
30 1922 Lutut kanan
- 1656 Depan Telapak kaki
26 1344 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 De |
i . Paha kiri
1 1322 Belakang
3 922 Lutut kiri
! b Depal | relapak kaki
3 1433 Belakang | Kiri
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Tabel 4. 22 Data Nilai PWM Posisi Robot Setengah Jongkok Step empat

WM Waktu '
Ne Serve (15) (ms) Keterangan Servo
13 1589 ' kepala
18 1500 Leher
16 1567 Pangkal Leher
32 578 Dalam
75 922 o Bahu kanan
23 1878 Atas
Siku kanan
24 067 Bawah
) 1433 Pergelangan tangan kanan
21 1722 Telapak tangan kanan
2 2500
Délain Bahu kiri
g 2000 Luar
| 12 1143 Atas
Siku ki
11 1989 Bawah
10 1700 1000 Pergelangan tangan kiri
9 089 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1033 De
P Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
31 1678 Depan Telapak kaki
26 1456 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 Depan l
Paha Kiri
| 1233 Belakang
5 922 Lutut Kiri
3 Lo Depan Telapak kaki
3 1389 Belakang kiri
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B. Konsep Jalan Enam Step

79

Sccara gambaran, konsep jalan dengan enam step ini ditunjukkan pada tabel
4.23 dan di lihat melalui telapak kaki robot. Gambaran keseluruhan kaki robot pada

posisi COG (center of grafity) di tunjukkan pada gambar 4.15.

L AANDNA

Gambar 4. 15 Gambaran Sistem Jalan Enam Step

Tabel 4. 23 Konsep Jalan Dengan Enam Step

S Keteranga Gambaran Pada Telapak Kaki Tampilan Robot
tep n dan COG (center of grafity) Secara Asli
1
[
Tetiuik ‘ }];'l;lFﬂk
ki
R!: | K amian 1
Rin manan
2
z
Kanan
Kt [T
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Lanjutan tabel 4.23

| rq.'::lpill.
| Jraki
Tekapk | Pty 3
Euirkn
keari ‘
R Kirt Kanan
P n
Telapih
P2 [R3E ——— 4
kv |} Telapak
Feaki
Kamun Kiri _—
Telwpak f | T777%
[ 18]
pari Telapak
Kiki 5
Kanan
Kirn Kanan
Telapak
Kaki
ki )
Ielapak
Ktk 6
Kanman
kin F it
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Data nilai PWM (pulse width mudulation) pada gerakan per step jalan pada
initial value robot tegak untuk setiap servo di tunjukkan pada tabel 4.24 untuk step
satu, fabel 4.25 untuk step dua, tabel 4.26 untuk step tiga, tabel 4,27 untuk step
empat, tabel 4.28 untuk step lima, tabel 4,29 untuk step enam.

label 4. 24 Data Nilai PWM Posisi Robot Setengah Jongkok Step Satu

1 : PWM Waktu
No Serve (1:5) (mS) Keterangan Servo
13 1589 kepala
I8 1500 Leher R
16 1589 Pangkal Leher
A 522 Dalam
73 567 | Lars Bahu kanan
23 1878 | Atas
Siku kanan
24 856 Bawah
22 1433 Pergelangan tangan kanan
2] 1411 Telapak tangan kanan
2 2411
Dnlair Bahu kiri
g 2011 Luar
12 1189 Atas
Siku kiri
11 1922 Bawah
10 1678 700 Pergelangan tangan kiri
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1100 De
e Paha kanan
29 1389 Belakang
30 1900 Lutut kanan
3t 1789 _ Depan Telapak kaki
26 | 1389 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 Depan
Paha kiri
1 1278 Belakang
S 922 Lutut kiri o
1 1224 Depan
3 a1l | Belakang I'elapak kaki kiri
! —_——— - I ke - 1




Tabel 4. 25 Data Nilai PWM Posisi Robot Setengah Jongkok Step Dua

PWM Waktu
Ne Serve (115} (m) Keterangan Servo
13 15389 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 522 Dalam
73 967 — Bahu kanan
23 1878 Atas ]
Siku kanan
24 B30 Bawah
o 1433 Pergelangan tangan kanan
21 1411 Telapak tangan kanan
m s
Dalam Bahu kiri
s 2011 Luar
12 1189 Alas o
Siku kiri
11 1922 Bawah
10 1678 400 Pergelangan tangan kii
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 044
Henet Paha kanan
29 1433 Belakang
30 1836 Lutut kanan
3l 1611 Depan Telapak kaki
26 1456 Belakang kanan
14 1456 Pangkal paha kirt
4 1789 D
e Paha kiri
1 1300 Belakang
5 922 Lutut kiri
4 ) Depan Telapak kaki
3 1424 Belakang kiri
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Tabel 4. 26 Data Nilai PWM Posisi Robot Setengah Jongkok Step tiga

. .| rwM Wakiu
No Servo (45) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1589 Pangkal Leher
32 322 Dalam
35 067 o Bahu kanan
23 1878 Atas -
Siku kanan
24 K36 Bawsah
22 1433 Pergelangan tangan kanan
21 1411 Telapak tangan kanan
B
Dalam Bahu kiri
2 2011 Luar
12 | 1189 Atas
Siku kiri
11 1922 Bawah
10 1678 600 Pergelangan tangan kiri
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 061
o Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
4 — Bxepan Telapak kaki
26 1492 Belakang kanan
14 1456 Pangkal paha kiri )
4 1789 an
- e Paha kiri
1 1300 Belakang
5 922 Lutut kiri
7 1233 Depan Telapak kaki
3 1411 Belakang kiri




Tabel 4. 27 Data Nilai PWM Posisi Robot Setengah Jongkok Step empat

. PWM Waktu |
No Servo (115) (ms) Keterangan Servo
13 1589  kepala
8 1500 “Leher
16 1589 | Pangkal Leher
32 522 Dalam
73 967 — Bahu kanan
23 1878 Atas
Siku kanan
24 B36 Bawah
22 1433 Pergelangan tangan kanan
21 1411 Telapak tangan kanan
2 2411 o
Dalam | gy g
2011 Luar
i2 1189 | Atas -
| Siku kiri
11 1922 Bawah
P AT | e
10 1678 700 Pergelangan tangan kiri
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1078 E
i - Paha kanan
29 1433 Belakang |
30 1856 Lutut kanan
i 1744 e | Telapak kaki
26 1589 Belakang | kanan
14 1456 Pangkal paha kiri
4 1789 D !
, . | Paha kiri
1 1300 Belakang |
5 833 Lutut kiri
7 1433 Depan Telapak keki
3 1367 Belakang | kirl




Tabel 4. 28 Data Nilai PWM Posisi Robot Setengah Jongkok Step Lima

PWM | Waktu
No Serve (u5) (ms) Keterangan Servo
13 1589 kepala
8 1500 [Leher
16 1589 " Pangkal Leher
32 522 Dalaim
L 75 567 e Bahu kanan
23 | 1878 | Atas
Siku kanan
24 B56 Bawah |
22 1433 Pergelangan tangan kanan |
21 1411 Telapak tangan kanan
T2 | zdn
Dal Bahu kiri
8 2011 Luar
12 1189 Atas
Siku kiri
11 1922 Bawah
10 1678 | 500 Pergelangan tangan kiri
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1101
i Paha kanan
29 1433 Belakang |
30 1856 Lutut kanan
31 1759 Depan Telapk kaki
26 1581 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 Depan i
. Paha kiri
1 1411 Belakang l
5 944 Lutut kin |
7 1411 Depan Telapak kaki
3 1594 J Belakang kiri |




Tabel 4. 29 Data Nilai PWM Posisi Robot Setengah Jongkok Step Enam

PWM Wakiun
No Servo (u5) (ms) Keterangan Servo
13 1589 kepala
18 1500 Leher
16 1580 Pangkal Leher
32 | 2 Dalai
73 967 T Bahu kanan
23 1878 Alas |
Siku kanan
24 856 Bawah
2 1433 | Pergelangan tangan kanan
21 1411 Telapak tangan kanan
2 2411 Db .
Dalam | pohu kiri
2011 Luar |
1z 1189 Atas | 0
Siku kiri
11 1922 Bawah ;
10 1678 700 | Pergelangan tangan kiri
9 1456 Telapak tangan kanan
19 1544 Pangkal paha kanan
28 1101
S . Paha kanan
29 1433 Belakang
30 1856 Lutut kanan
31 1789 Depan Telapak kaki
26 1491 Belakang kanan
14 1456 Pangkal paha kiri
4 1789 De
_ | Pehakini
1 1411 Belakang
5 944 Lutut kiri
7 st 1Hipan Telapak kaki
3 1544 Belakang kiri
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4.3.3 Analisa Initial Value dan Konsep Jalan Robot

Initial value di gunakan pada awal ketika robot di hidupkan atau sebagai
posisi 0. Mmitial value akan membuat robot berdin dengan del/ay sebelum robot
melakukan gerakan jalan. Konsep jalan robot tegak dan setengah jongkok pada
dasarmnya sama hanya berbeda pada jumlah stepnya.

4.3.3.1 Jalan Robot Tegak

Pada keadaan jalan tegak empat step, ketika robot berjalan banyak
mengalami guncangan sehingga robot tidak stabil dan sangat mempengaruhi ketika
robot berjalan.

Begitu juga pada jalan tegak enam step, yang berbeda adalah langkah robot
di tambah dua step pada saat kaki akan mengayunkan langkah ke depan. Pada enam
step posisi tegak ini jalan robot sedikit meredam guncangan sehingga sedikit lebih
stabil dalam berjalan.

4.3.3.2 Jalan Robot Setengah Jonghok
Pada jalan robot setengah jongkok empat step lebih stabil di bandingkan

dengan posisi tegak, Posisi setengan jongkok lebih stabil di karenakan guncangan
vang lebih kecil akibal gerakan robot. Posisi jalan setengah jongkok dengan empat
gtep ini masih mengalami beberapa gesekan telapak kaki dengan lantai pada saat
kaki melangkah maju sehingga menyebabkan jalan banyak mengalami
pembelokan.

Jalan setengah jongkok dengan enam step sejauh percobaan merupakan
jalan yang terbaik. Dengan enam step ini, kasus pada empat step ketika terjadi
gesekan telapak kaki dengan lantai dapat di hilankan sehingga jalan lebih stabil dan

larus.
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4.4 Gerakan Belok Robot

Gerakan belok robot ini adalah pgerak robot yang berfungsi untuk
mengarahkan robot ketika berjalan dan mengalami perbelokan dari arah lnrus yang
tclah di tentukan, Demikian juga gerakan pada jalan robot, untuk data ini di peroleh

dari posisi nomer servo, nilai PWM (pulse widh modulation), dan kecepatan

cksckusi data per step yang berasal dari sefiware USC32 torobot.

44.1

Data Gerakan Belok kanan Tegak

Data gerakan dari USC32 torobot untuk robot belok kanan tegak

ditunjukkan pada tabel 4.30.

Tabel 4. 34 Data Gerakan Belok kanan Tegak

Step

Data Dari USC32 torobot

Keterangan

#1P1091#2P22334#3P1672#4P178OH#5P1300#7P1370
HEP19SE8HIPO22H10PL700811P147BH12P116THIZP1
422#14P1456#16P1589418P1433419P1544#21P178
Ot22P1433#23P18768#24P1567#25P343H26P 154842
8P1278#29P1433#30P1500#31P1554#32P789T700

#1P1091#2P2233#3P1678H#4P178985P1300#7P1367
HBP1998H#OPO22H#10P17004#11P1478812P1167#13P1
422#14P1278#16P1589#18P1433810P1544421P178
O#22P14334#23P1878824P1567#25P943H26P 154842
8P1278#29P1433#30P15004#31P1554432P780T700

H#1P10914#2P2233#3P165684P17894#5P1300#TP1256
H8P1998#9P922#10P1700411P1478H12P1167#13P1
422#14P1278#16P1589#18P1433819P1544#21P178
0#22P1433#23P1878#24P1567H#25P943#26P 134442
8P12784#29P14334#30P15004#31P1544#32P789T700

#1P10S1#2P2233#3P1656#4P1789H5P1300#7P1156
HEP19984#9P922#10P1700411P14784812P11674#13P1
422#14P1473#16P1589418P1433#19P15444#21P178
9422P1433423P1878424P15674#25P943#26P 136742
8BP1278#29P1433#30P1500#31P1544#32P789T700

H#1P1091#2P2233#3P1656#4P1789H5P130047P1278
HBP1998#OP922410P17004#11P1478812P1167#13P1
422#14P1478#16P1589#18P1433H19P1544#21P178
9422P14334#23P1878#24P1567#25P943#26P1456%2
8P1278#29P1433#30P1500431P1544432P789T700

Contoh :
pada data

HAIPTROTTON.

Data #
menyatakan
uran serve.

Datal'
menyatakan
jurnlah PWM
dengn mtang
500 - 2500,

Data T
menyatakan
kecepatan
eksekusi data
dengan rentang
100 - 9999




4.4.1.1 Gerakan belok Kanan Tegak

Secara nyata, gerakan belok kanan robot posisi tegak di tunjukkan pada

tabel 4,31,

Tabel 4. 31 Gerakan belok Kanan Tegak Secara GGambaran dan Nyata

Step Gambar gerak robot

keterangan

Warna merah
merupakan
COG (center og
grafity).

Warna hijau
telapak sedikit
mengangkat

Wama putih
fanpa beban.




Lanjut tabe] 4,31

Wama mierah
merupakan
posisi COG
(center og

grafiny).

Warna hijau
pada keadaan
telapak sedikit

mengangkat
miring,

Warna putih
pada keadaan
tanpa beban.

4.4.2 Data Gerakan Belok Kiri Tegak
Data gerakan dari USC32 torobot untuk robot belok kiri tegak ditunjukkan

pada tabel 4.32,




Tabel 4. 32 Data Gerakan Belok Kiri Tegak

o1

Step

Data Dari USC32 torobot

Keterangan

#1P1091#2P22334#3P1658RAP1TRS#H5P130
O#7P1278#8P1998#9P922#10P1700#11P1
478#12P11678#13P1422#14P1456#16P158
O#18P14334#19P1544421P1789#22P1433#
23P1878#24P1567425P943#26P1450#28P
1278#29P1433#30P1500831P1554432P78
97600

#1P10S1#2P2233#3P1658R4P178BOH5P130
OB7P1278H#8P1998H3PS22#10P1700411P1
AT8#12P1167#13P1422#14P1456#16P158
SH18P1433#19P1666H21P1785H22P14334
23P1878#24P1567#25P943#26P1450#28P
1278#29P1433#30P1500431P1554431P 78
91600

#1P1091#2P2233#3P1674#4P178S#H5P130
O#7P1349#8P1998#9P922#10P1700#11P1
478#12P1167#13P1422#14P1456#16P158
SH18P1433#19P1666#21P17894H22P14334
23P1878#24P1567H#25P943426P15404828P
1278#29P1433#30P1500#31P1580#32P78
9T600

#1P1091#2P2233#3P1647H#AP178SH5P130
OHTP1349#8P1998#9PI22#10P1700#11P1
478#12P1167#13P1422#14P1713#16P158
SH18P1433#19P166GGH21P1789H22P14324
23P1878#24P1567#25P243H26P1540828P
1278#29P1433#30P1500#31P1580#32P78
9T600

#1P1091#2P2233#3P16664#4P1789#5P130
O#TP1256#8P199849P922410P1700#11P1
A78#12P11674#13P1422#14P1713R/16P1538
9#18P1433#19P1666H21P1789H22P14334
23P18784#24P1567#25P943H#26P1389428F
1278#29P1433#30P1500431P1547#32P78
9T600

#1P1091#2P2233#3P1634#4P1789#5P130
O#7P1256%#8P1998#9P9224#10P1700#11P1
A78#12P1167#13P1422#14P1456416P158
SH#18P1433#19P1585#21P1789#22P1433+#
23P1878#24P1567#25P943/26P14328.18P
1278#29P1433#30P1500#31P1547#32P78
ST600

Contoh :

pada data #3217 T80T 700,

Data # menyatakan
uritan servo.

Data I* menyatakan
jumlah PWM dengn
mtang 500 - 2500.

Data | menyatakan
kecepatan

eksekusi data dengan
rentang 100 — 9999,
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4.4.2.1 Gerakan helok Kiri Tegak
Secara nyata, gerakan belok kiri robot posisi tegak di tunjukkan pada tabel
4 33,

Tabel 4. 33 Gerakan belok Kiri Tegak Secara Gambaran dan Nyata

Step Gambar gerak robot keterangan

Telapnk
Eoniki
ki

Warna metih
merupakan posisi
COG (center ng
grafity).

Warna hijau pada
keadaan telapak
sedikit mengangkat
miring.

Warna putih tanpa

icapak
Kali
s




Lanjut tabel 4.33
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Warna merah

| merupakan posisi

COG (center ng
grafity).

Warna hijau pada
keadaan telapak
sedikit mengangkat

miring.

Warna putih tanpa
beban.




4.4.3 Data Gerakan Belok kanan Setengah Jongkok
Data gerakan dari USC32 torobot untuk robot belok kanan setengah
jongkok ditunjukkan pada tabel 4 34.

Tabel 4. 34 Data Gerakan Belok Kanan Setengah jongkok

o4

Step

Data Dari USC32 torobot

Keterangan

#1P1300#2P250043P1433H44P1789#5P92
2#7P1278HEP205649P1211810P1 700811
P1089#12P1152#13P1411814P1456H16P
1856#18P1500#19P1544#21P1411#22P1
433#23P1878#24P967#25P267H26P1456
#28P10784#29P1433430P1856831P1722#
32P500T300

#1P1300#2P2500#3P14334#4P1789H5P92
2H7P1256H#8P20564#9P1211#10P1700#11
P1989#12P1152#13P1411#14P1456H1EP
1767#18P1500419P1367421P1522H22P1
4334#23P1878#24P967H25PO6TH2E6P1433
#28P1078#29P14114#30P1856431P17224
32P500T300

#1P1211#2P250043P1383#4P1789#5P92
2H7P136748P205649P1211#10P1700#11
P1989#12P1152#13P1411414P1456H#16P
1811#18P15004#19P1344821P1456#22P 1
433423P1878#24P967H25PI67H2EP1565
H#28P1078#29P1411430P1B56H#31P17224
32P5007500

#1P1233#2P2500#3P14564#4P1789#5P92
2H7P1366#8P2056#3P1211#10P17004811
P1989#12P1152#13P1411#14P1300#16P
1900#18P1500#19P1411#21P1544421P1
433#23P1878#24PI6TH25PI6THIEP1544
#28P10784#29P14114#30P1856#31F17224
32P500T300

#1P1256#2P250043P1433#4P178985PS52
2#7P1367#8P205649P1211#10P1700#11
P1989#12P1152#13P1411#14P1300#16P
1856#18P1500#15P1411421P1544#22P1
433#23P1878#24PO67H25PSETHCP1522
#28P1078#29P1411430P1856H31P17224

32P5007250

Contoh :
pada data #3201 TRUTT700.

Data f menyatakan urutan
SeTVO.

Data P menyatakan jumlah
PWM dengn rntang 500 -
2504.

Data T menyatakan
kecepatan

cksclkusi data dengan
rentang 100 — 9999,
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4.4.3.1 Gerakan belok Kanan Setengah Jongkok
Sccara nyata, gerakan belok Kanan Setengah Jongkok robot posisi tegak di
tunjukkan pada tabel 4 35.

Tabel 4. 35 Gerakan belok Kanan Setengah Jongkok Secara Gambaran dan Nyata
|
$

Step Gambar gerak robot keterangan

Telapak
ol
l bliri

I Warna merah
i merupakan posisi
. | COG (center og
(o grafiny).

I

Warna hijau pada
keadaan telapak

sedikit mengangkat

3
......

Warna putih tanpa
beban.
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Lanjut tabel 4.33

Warna merah
merupakan posisi
COG (center og
grafity).

Warna hijau pada
keadaan telapak
sedikit mengangkat

miring.

Warna putih tanpa
beban.

4.4.4 Data Gerakan Belok Kiri Setengah Jongkok
Data gerakan dari USC32 torobot untuk robot belok Kiri setengah jongkok

ditunjukkan pada tabel 4.36.




Tabel 4. 36 Data Gerakan Belok Kiri Setengah jongkok
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Step |

Data Dari USC32 torohot

Keterangan

#1P1300#2P2500#3P143344P178945P922#
7P1256#8P2000#9P1167#10P17004#11P198
SH12P1152#13P1411#14P1456#16P1256#1
8P1500#19P1544##21P1411422P1433K23P1
878#24P967#25P922#26P1456H28P1078#2
SP1433#30P1856#31P17008#32P500T300

#1P1300#2P2500#3P1458H4P17BSHSPR22H
7P1256#8P2000#9P11674#10P17004#11P158
9#12P1152#13P1411#14P1456416P1211#1
BP1500#19P1700#21P1411422P1433423P1
878#24P967#25P922#26P1411428P107842
9P1389#30P1856#31P1685432P500T300

#1P13004#2P250043P1456H#4P178985P912H
FP1322#8P2000#9P1167#10P1700#11P198
O#12P1152#13P1411#14P1456816P1278#1
8P1500#19P1700#21P1411422P14334#23P1
B78H24P96TH#25P922#26P1456H28P107842
9P1389#30P1856#31P1722832P500T300

#1P1344#2P250043P1526HAP178985P322#
7P1424#8P2000#9P1167#10P1700#11P198
S#12P1152#13P1411#14P1456816P1300#1
8P1500#19P1700#21P1411K822P1433423P1
878#24P967#25P922426P1563428P107842
9P1389#30P1856#31P1760K32P500TS00

#1P1367#2P25004#3P1522H#4P1785H5P2228
7P1433#8P20004#9P11674#10P1700#11P198
O#12P1152#13P1411#14P17226#16P132241
8P1500#19P1700#21P1411H22P1433423P1
878#24P967#25P9224#26P1544H28P 107842
9P1389#30P1856#31P1767H32P500T300

#1P1344#2P2500#3P150044P1789#5P922#
7P1312#8P2000#9P1167410P1700411P198
9#12P11524#13P1411#14P1633#16P1278K1
8P1500#19P1700421P1411422P1433423P1
878#24P96TH25PI22#26P1456#28P1078H2
9P1389430P1856#31P1767#32P5S00T300

Contoh :

pada data

#32P7RST 700,

Data # menvatakan
urulan servo.

Data P menvatakan
jumiah PWM dengn
mtang 500 - 2500,

Data | menyatakan
kecepatan

eksekusi data dengan
rentang 100 = 9999,
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4.4.4.1 Gerakan belok Kiri Setengah Jongkok
Seccara nyata, gerakan belok Kin Setengah Jongkok robot di tunjukkan pada
tahel 4 37.

Tabel 4. 37 Gerakan belok Kiri Setengah Jongkok Secara Gambaran dan Nyata

Step Gambar gerak robot keterangan

Tedipuk
Kl
Kiri

Warna merah
merupakan posisi
COG (center og
grafity).

Warna hijau pada
keadasn telapak
sedikit mengangkat
miiring.

Warna putih tanpa
beban.




Lanjut tabel 4.37

Telupuk
Kali

Kanuii
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4.4.5 Analisa Gerakan Belok Robot

Pada gerakan berbelok ini berfungsi ketika robot mendeteksi arah jalan
melenceng dari derajat yang telah di tentukan dan secara otomatis akan melakukan
gerakan belok kanan atau belok kiri tersebut. Dalam jarak tempuh jalan robot sejauh
dua meter. gerakan belok kanan dan kiri di kerjakan tergantung dan konsep jalan
yang menyebabkan jalan melenceng dan arah yang di tentukan.

Pada pengaplikasian jalan robot vang paling baik yaimu setengah jongkok
dengan enam step, gerakan melenceng terjadi pada jarak 1,8 meter sehingga
gerakan untuk belok terjadi hanya satu kali. Gerakan belok kanan dan kiri ini Pada
gerak robot belok ini membumhkan selama £10 detik untuk menyelesaikan 1
gerakan belok.

4.5  Pengujian Secara keseluruhan

Sctelah melalui dari beberapa pengujian pada setiap bagian, maka hasih dari
perancangan dan pembuatan robot humanoid epretiwi-v4 akan di uji secaar
keseluruhan. Jalan robot yang telah di buat kemudian di ujicoba pada Medan jejak
multiplex berlapis perlak vinil yang ditunjukkan pada gambar 4.16, Alas kaki robot
memakai eva spon di tunjukkan pada gambar 4.17.

Medan jejak

s Multiplex berlapis perlak vinil.
Alas kaki robot :

» FEvaspon.

Pengujian pada medan jejak dan dengan alas kaki posisi jalan tegak empat step
di tunjukkan pada tabel 4.36, posisi jalan tegak enam step pada tabel 4.37, posisi
jalan setengah jongkok empat step pada tabel 4.38, posisi jalan setengah jongkok
enam step pada tabel 4.39.
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p

Gambar 4. 17 Alas Kaki Robot dengan eva spon




102

4.5.1 Pengujian Jalalan Robot Tanpa Kompas

Pengujian jalan kompas tana kompas pada medan jejak di tunjukkan pada
tabel 3 & untuk jalan tegak empat step, tabel 4.39 untuk jalan tegak eman step, tabel
4.40 untuk Jalan setengah Jongkok Empat Step, tabel 4.41 Jalan setengah Jongkok

Emam Step.
Tabel 4. 38 Pengujian Medan Jejak dan Alas Kaki Robot Posisi Jalan Tegak
Empat Step
Medan Alas Kaki Waktu | perbelokan | Jarak
Fercabaan (menit) (meter) | (meter)
Multiplex 1 2 1
berlapis Eva spon 2 2 1 2
perlak vinil 3 3 1
{

Tabel 4. 39 Pengujian Medan Jejak dan Alas Kaki Robot Posisi Jalan Tegak Enam

Step
Med Alas Kaki Waktu | perbelokan | Jarak
- Percobaan | . onit) | (meter) | (meter)
Multiplex 1 2.30 0.5
berlapis Eva spon 2 2,23 0.5 2
perlak vinil I_ 3 2,13 0.6

Tabel 4. 40 Pengujian Medan Jejak dan Alas Kaki Robot Posisi Jalan setengah
Jongkok Empat Step

Alas Kaki Wakiu | perbelokan | J arak
MEdf“ : " Tereobuan (menit) (meter) (metﬁrﬂ
Multiplex 1 2.18 0.5
berlapis Eva spon 2 2,15 0,7 2
| perlak vinil 3 i 2,13 0,5
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Tabel 4. 41 Pengujian Medan Jejak dan Alas Kaki Robot Posisi Jalan setengah

Jongkok Enam Step
Medan Alas Kaki Waktu | perbelokan | Jarak
Percobaan (menit) (meter) | (meter)
Multiplex 1 1,12 1.6
berlapis Eva spon 2 1 1.7 2
pcriak vinil 4 l 1, R

4.5.1.1 anlisa jalan robot tanpa kompas

Pada setiap Jalan robot akan berbeda waktu tempuh dalam jarak 2 meter, ini
di karenakan konsep jalan dan alas pada kaki robot yang mempengaruhi pada
pijakan telapak kaki. Untuk penggunaan alas kaki eva spon jalan robot dapat secara
baik berpijak untuk berjalan. Sejauh percobaan jalan robot, konsep jalan setengah
jongkok dengan enam step merupakan yang terbaik.

Jalan robot tanpa menggunakan kompas jika mengalami perbelokan dari
arah yang di tuju akan secara manual kita rubah arsh posisi robot untuk
mengarahkan robot kembali ke mrah yang akan di mju. Perbelokan robot di
akibatkan oleh beberapa sebab, yaitu :

e (esekan relapak kaki dengan lantn,
¢ Gerakan kejut vang tiba-tiba terjadi.
+ Medan jejek yang tidak rata‘\bergelombang.

4.5.2 Pengujian Jalalan Robot Menggunkan Kompas

Setelah konsep jalan dan penerapan jalan dengan beberpa pengujian pada
medan jejak dan alas kaki robot telah dilakukan maka pengujian jalan robot
menggunakan kompas juga di kakukan scbagai perbandingan. Pengujian
menggunkan kompas posisi robot Jalan Tegak Empat Step di tunjukkan pada Label
4.42, posisi robot Jalan Tegak Fnam Step pada tabel 4.43, Posisi Robot Jalan
setengah Jongkok Empat Step pada tabel 4.44, Posisi Robot Jalan setengah Jongkok

Enam Step pada tabel 4.45.
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Tabel 4. 42 Penpujian Medan Jejak dan Alas Kaki Robot Dengan Kompas posisi

robot Jalan Tegak Empat Step
Medan Alas Knk-j_ N . Waktu | perbelokan | Jarak
Percohaan (menit) (meter) | (meter)
Multiplex 1 | 1
berlapis Eva spon 2 1,11 0.8 2
perlak vinil 3 1 1

Tabel 4. 43 Pengujian Medan Jejak dan Alas Kaki Robot Dengan Kompas posisi

robot Jalan Tegak Enam Step
[ Medan Alas Kaki Waktu | perbelokan | Jarak
Percobsan (menit) (meter) | {meter)
Multiplex 1 2,20 0,4
berlapis Eva spon 2 2,15 0.3 2
perlak vinil 3 2,25 0.5

Tabel 4. 44 Pengujian Medan Jejak dan Alas Kaki Robot Dengan Kompas Posisi
Robot Jalan setengah Jongkok Empat Step

Medan Alas Kaki Waktu | perbelokan | Jarak
Percobaan | (o nit) | (meter) | (meter)
Multiplex 1 2,20 0.4
berlapis Eva spon 1 2,15 0.5 2
pﬂl’lﬂk vimil 3 Z,Eﬁ {)13

Tabel 4. 45 Pengujian Medan Jejak dan Alas Kaki Robot Dengan Kompas Posisi
Robot Jalan setengah Jongkok Enam Step

Medan Alas Kaki N Waktu | perbelokan | Jarak
{menit) {meter) | {meter)
Multiplex 1 1,18 1.7
berlapis Fva spon 2 1,12 1.8 2
pertak vinil 3 1.11 1.6
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4.5.2.1 Analisa Jalan Robot Menggunkan Kompas

Dengan menggunakan sensor kompas, robot akan secara ofomatis
mengoreksi arah yang di tnju dan robot akan melakukan gerakan belok kanan atau
belok kiri. Pada percobaan jalan robot menggunkan kompas, arah putar kiri dan
kanan untuk meluruskan sudah dapat di lakukan dengan eksekusi gerak sebanyak
tiga kali. Eksekusi gerak putar kiri dan kanan tergantung dari derajat perbelokan
vang telah di tentukan. Sejauh percobaan menggunakan alas kaki eva spon enam
step dengan waktu tempuh 1,11 menit dengan jarak tempuh 2 meter adalah yang
terbaik.
4.6  Pengujian Konsumsi Tegangan
4.6.1 Pengujian baterai

Pengujian baterai pada robot di lakukan untuk mengetahui kinerja baterai
saaat digunakan selama salang waktu yang telah di perhitungkan. Pengukuran di
lakukan pada saat baterai fielf charger dan pada saat indikator Jlow baterai. Pengujian
baterai pada saat ull charge di tunjukkan pada gambar 4.18 dan indikoator baterai
low di tunjukkan pada gambar 4.19.

Gambar 4. 19 Pengujian Barerai Saal Indikator Low
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4,6.2 Pengujian Penurun Tegangan
4.6.2.1 UBEC (Universal Battery Eliminated Circuit)

Pengujian UBEC (Universal Battery Eliminated Circuit) dilakukan untuk
men sugpdy tegangan pada motor servo dengan konsumsi tegangan 6v. Gambar 4,20
menunjukkan hasil pengukuran pada saat di bebani oleh motor servo.

Gambar 4. 20 Pengujian Penurun Tegangan Untuk Servo sedang

4.6.2.2 Mini Voltage Regulator

Pengujian mini voltage regulator dilakukan untuk men supply tegangan
pada motor servo dengan konsumsi tegangan di bawah 6v yaitu 4,7V, Gambar 4.21
menunjukkan hasil pengukuran pada saat di bebani oleh motor servo kecil.

Gambar 4. 21 Pengujian Penurun Tegangan Untuik Serve Kecil
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4.6.3 Analisa Konsumsi Tegangan
4.6.3.1 baterai

Baterai lipe yang di gunakan memiliki 2 eefl dengan tegangan spesifikasi
masing-masing celf 3,7V, namum pada kenyataannya masing cell memiliki 4,2V
singga pada kenyataan baterai lipo memiliki teganpan ourpus 8.4V pada keadaan
full charger dengan kapaitas arus 1300Mah 25C.

Saat baterai turun pada tegangan 6,5V robot mengalami lemas di
karenakan baterai ke habisan daya dalam memberi supply pada semua 1otal servo
vang berkerja. Dengan indikator berwarna merah pada UBEC (LUniversal Battery
Efiminated Circuity yang menandakan bahwa baterai sudah dalam keadaan fow.

4.6.3.2 baterai Penurun Tegangan
Penurun tegangan dengan menggunakaan UBEC (Universal Battery

Eliminated Circuil) memiliki oufput tetap dengan switch 5V dan 6V. UBEC
(Universal Battery Eliminated Circuit) dengan inpuf baterai lipo yang memberikan
supply untuk servo sedang dan USC32 controlier.

Untuk Mini Veltage Regulator menggunakan potensio sebagai pengatur
ouiput schingga untuk mendapatkan owfpwt yang di inginkan harus memutar
potensio sampai pada tegangan 4.8V yang di butuhkan pada konsumsi legangan
servo kecil. Supply arduino satu jalur dengan Mini Voltage Reguiator namun tidak
pada output nya melainkan mendapatkan suppdy langsung dari baterai lipo.

4,7  Hasil Pengujian Secara Keseluruhan

Setelah melalui dari beberapa pengujian pada setiap bagian, maka hasih dari
perancangan dan pembuatan robot humanoid epretiwi-v4 ini di tunjukkan pada
gambar 4.22 (b) di bandingkan dengan robot epretiwi-v3 dari tugas akhir yang di
kerjakan sebelumnya yang di tunjukkna pada gambar 4.22 (a). Pada sistem jalan
vang di hasilkan pada robot epretiwi-v4 lebih baik dengan jalan yang tidak berbelok
dan dengan sensor kompas robot mampu mengkoreksi jalannya jika terjadi
perbelokan. Pengujian pada tahap akhir ini menggunakan konsep jalan setengah
jongkok dengan 6 step yang di anggap penulis baik dimana hanya terjadi 1 kali
perbelokan saja.
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Gambar 4. 22 hasil perbandingan konsep jalan robot

epretivi —v3 dan epretivi —v4




5.1

BAB IV
PENUTUP

Kesimpulan
Setelah dilakukan perancangan, pengujian dan analisa sistem, maka dapat

disimpulkan beberapa hal yang dapat digunakan untuk perbaikan dan

pengembangan selanjutnya, yaitu ;

1.

LIPS

Sensor kompas HMC5883L dapat di gunakan dengan baik dalam
menentukan arah derajat sebagai kompas digital untuk kebutuhan robotika.
Sensor kompas sangat sensitif terhadap benda-benda mengandung magnetik
yang menyebabkan kesalahan pembacaan data derajat pada sensor kompas.
Dari beberapa konsep jalan vang telah di buat, posisi setengah jongkok
dengan enam step adalah yang terbaik karena lebih stabil dan seimbang
dalam melangkah.

Dalam jarak 2 meter scsuia dengan arena lomba, dapat di tempuh oleh robot
selama 1 menit dengan satu kali koreksi gerakan belok menggunakan posisi
setengah jongkok enam step.

Telapak kaki robot vang di gunakan yaitu evaspon sudah cukup baik, karena
tidak licin dan tidak juga terlalu kesat terhadap medan jejak. Evaspon di
pasang dua sejajar dengan telapak alas kaki robot dan tidak secara
keseluruhan karena menyebabkan gesekan pada pinggiran luar telapak kaki
terhadap medan jejak saat melangkah.

Medan jejak yang di gunakan bukan arena yang di buat secara asli seperti
pada kontes schinpgpa masih memiliki kekurangan karena bergelombang
vang mengakibatkan robot tidak stabil saat berjalan dan mengakibatkan data
jalan yang berbeda.

Penggunaan datrery lipo pada robot humanoid epretiwi lebih dari baik
namun untuk pemilihan battery sebainya memilib dishchart Rate battery
yang lebih besar supaya lebih lama dalam penggunaannya.

109
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Saran

Terlepas dari semua kekurangan dan kesalahan dari perancangan sistem

maupun peralatan yang penulis kerjakan sebagai tugas akhir ini, maka beberapa

saran untuk robot epretiwi-v4 humanoid ini agar dapat di kembangkan lebih baik
lagi yaitu :

1.

Untuk memudahkan dalam membuat dan memprogram setiap gerakan robot
sebaiknya menggunakan kontroler singgle board controlier.

Untuk event tahunan KRI (konies robot indonesia) im supaya persiapan tidak
hanya di lakukan ketika mau lomba saja, namun di persiapkan sejauh mungkin
untuk mendapatkan hasil yang baik.

Untuk servo yang kurang mampu dalam menahan beban berat misalkan pada
bagian kaki, sebaiknya diganti servo dengan torsi yang lebih besar lagi.
Sebagai media latihan dan friaf sebaiknya dibuatkan arena perlombaan secara
baik, bagus dan paten, karena pada setiap tahun selalu sama.

. Untuk kontes robot seni tari indonesia tahun sclanjutnya agar supaya

merealisasikan 2 robot yang serupa sehingga memudahkan dalam singkronisasi
gerakan.




[Z]

[3]

[4]

[3]

[6]

[7]

8]

[9]

[10]

[11]

DAFTAR PUSTAKA

Direktorat Jendral Pembelajaran dan Kemahasiswaan Kementrian Riset,
Teknologi dan Pendidikan Tinggi. Panduan KRSI 2016-ver NOP 2013. 2016,

Syahrijal Ugan Dinata, 2014. Perancangan dan pembuatan robot humanoid
21 dof untuk kontes robot seni tari indonesia. Malang : Skripsi, Elektro FTI
ITN Malang.Andrianto, Heri.(2008).

Gandjar K, Filipus RK, Yohannes TT, Galih S, Akthur F, Perancangan Bentuk
Geometri dan Derajat Kebebasan dan Analisa Kestabilan Robot Humanoid
“Makara 17, 2005,

ST. MT. Muliady, Drs. Zaenal Abidin, M. Eng. Christian Hadinata, & Mario
Kusuma, 2012. Robot humanoid pemain bola soccer humanoid robot.
Penelitian tridak diterbitkan. Bandung: Universitas Kristen Maranatha.

Arduino, Arduino Mega 2560,
URL:http://www.arduine.org/products/boards/arduino-mega-2560. Di akses
10-02-2016.

Robomart. 32 Channel USB/UART Servo Motor Controller Driver Board for
Arduino/Raspberry-Pi/Robotics, URL : htips://www.robomart.com/32-
channel-usb-vart-servo-molor-controller-driver-board-for-robot. i akses 10-
02-2016.

Purnama, Agus. 2014. Motor Servo.  URL:hitp://elekironika-
dasar. web.id/teori-elektronika/motor-servo/, Di akses 10-02-2016.

RadioC URL:http://www.radioc.co.uk/DC-Step-down- Adjustable-
Regulator-p/7208.htm. Diakses 04-mei-2016.

Splashtronic, Modul Kompas GY-273 HMOCS883L, URL
hitps://splashtronic. wordpress.com/2013/10/29/modul-kompas-gy-273-
hmc58831/. Di akses 10-02-2016. Di akses 04-mei-2016.

Musbikhin, Baterai LI-PO (LITHIUM-POLIMER), URL :http://about-
unitomo.blogspot.co.id/2013/02/arti<-mah-dan-s-pada-baterai-lipo.html, D1
akses 05-04-2016. Di akses 10-mey-2016.

gensaceUSA, GENS ACE 1300mAh 28 7.4V 25C LiPo Battery for 1/10 RC
Crawler and 1/16, 1/18 Cars, URL :hitp://www.gensaceusa.com/98p-25¢-
1300-2s1p.html, di akses 10-mey-2016.




[12] Microsoft, fungsiAtan, URL :https://support.office.com/id-id/article/ ATAN2-
Fungsi-ATAN2. Di akses 12-april-2016,

[13] Christianto Tjahyadi, UBEC , URL : http://christianto.tjahyadi.com/?s=DC-
DC+Converter. Di akses 10-02-2016




LAMPIRAN




FAKULTAS TERNOLOGT INDUSTRI
INSTITUT TEKNOLOGE NASIONAL MALANG

BRKII A ACAKA SEVINAK PRUOPUSAL SKRRIPSI
PROGRAM STUDI TEKNIK ELEKTRO S1

ll.rl"h\ln.l"h'l"ﬂ#ﬂl T 1.

wrls B lsl-trevmi 1 " :
| 1. NamaMahasiswa  Gunawan Eko Hendiyono [ NIM | 212286
' }_-{t:lr:rangﬂn B T'ITTLI.AT_::_____-F - w&lktu | Tempat /| Ruang
 Pelaksanaan wmed B | oa | -5
Spesifikast Tudul (berilah [and'l 5 hny ")
___i Sistem Tenaga [ EELmL : = bn?h%ed;d “:'g,“-wm i, ' Sistem Im'-'t.m'r'm_*:i -
i b_ hur_vér_m E‘lmsa [ Aniar Muka _.__-“_ j ;Janng\m komputer
c . Sistem Kendali g [lektronika Telekomunikasi | k- Web '
4 | Tegangan Tinggi h.  Elektromka lnaLrumv:nta*.l 1.+ Algoriima Cerdas !

iudul Froposal yang
Lil"l:."l']'l[rﬁﬂt'lkiirl Muahasiswa
—_—
Perunahan Judul vang
| 5. diusulkan oleh Kelompok
Dogen Keahlan

| Caratan

5 |
§

Pengembangan Sistem Jalan Robat ~.4 Menggunakan Sensor
Kompas Untuk Kontes Robot Seni Tan Indonesia (KRSTI)

I i
Catatan | B o [
. i
| ) [
! 1
| .
[
[ [ FCI-"R:H..‘:IH.H'.'_-;H-JU: :.anlilp“' - .__._____ o ]
Disetuju, ! Dlsetu]m
Doscn Eeghlign | ! Dosen Keahlign 11
f o ;
- _ _ Irsetujur,
Mengetahui, Calon Du'-"ven mbmlhlng
Ketua ] urua;ﬂ Pembimbing 1 | I’n::mh; mbing |1
_H""““'—-.'-f”’,
’ > .f'
M. Torahim Ashari ST MT \
MNP P_ 1{}1{3 IGG358 | e bt i.-ﬁ_'ai.-:'.::l:n mnR 'I-—ur Tfnmqﬁ "
| B . - MT -| __S_{_':m.mr[_;_;.l.a.ST,MT_
Keterangan . [ 1
g Bl Lo e T e T M :.__J;"_;__;E "__::1"1':‘_
Gmommmi Al B, St N T I s e €

4=




Adb ] bd R TATLA TR Tolal s
FARULTAS TEENOLOHCI THDESTRY
JUBUSAN TEANIK ELFKTRO 57
b Hays Harasghe, B, 2 MALANG

PERMOHONAN PERSETUJUAN SKRIPSI

Yang Bertandu Tangan Dibawah Ini:

Nama JE upAnan | BUD HERIEERL O
Semester L
Fakultas Tuknulﬂg; Industri
Jurusan ‘Teknik Elektro S5-I
K onsentrasi FEKNIK ENERGI LISTRIK
TEENIK ELEKTRONIKA
TEENTCKOMPUTER BAN INFORMATIKA
TEENIK KOMPUTER
TEENIK TELEKOMUNIKAS] .
Alamat Busient By ol Bualaac | Iawlie Benbeal  SUUARES TR Gak

Dengan int kami mengsjukan permohonan untuk mendapatkan persetujuan untak membuat SKRIPSI
Tingkcat Sarjana. Untuk melengkapi parmohonan tersenut, hersama ini kami lampirkan persyaratan-pergyaratain
yang harus dipanuhi,
Adapun peravaratan- persyaratan pengambilan SKRIPSI adelah sehagni berikut:

I, Talah melaksanakan semua praktikum sesui dengan konsentrasinys {5 s )
2, Telsh lulus dan menyerahkan [aporan Prakrek Kerja (---Ap--)
3. Telah lulus seluruh mata kuliah keahlian (MKB)sesuai konsentrasinya 'I_l“.EII
4. Telgh mepempuh matekuliah= 134 sks dengan [PK > 2 dantidek adanilal B ( )
5. Telah mengikuti secara akiif kegiatan seminar Skripsi yang disdakan Jurusan | )
6. Memenuhi persvaratan administrasi ( }

Demikian permohonan ini untuk mendapatkan penyslezaien lebih lanjut dan atas perhatiannya kami ucapkan
terima kasih.

Telah diteliti kebenarannya data tersebut diatas MABDE,..cimsi i eerssnensere 201 L
Recording Tekmi Elektro 8-1 Pemohon
; 7
. j:"_f_
.._.' 5 g 'Ltl&l
[ \
G mbt"zn W“‘ A ”v)\ A s conn s MAUAIDAL
Disetujul
Ketua Prodi Tekaik ro S-1
s
Ib BT, 1

NIP. P. 1030100358

Catatan:
Bapi mahasiswa yang telah memenuhi persyaratan mengambii SKRIPSI apar menbuat proposal dan mendapat

pcrs&tujuan d{,n[f(ema Predi '1 e:ek&{n 81

.1 I




JURLSAN TERKNIK ELEKTRG 5-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGE NASHONAL MALANG

BERITA ACARA SEMINAR PROGRESS SKRIPSI
PROGRAM STUDI TEKNIK ELEKTRO S1

| KONSENTRASI [T Elekiranika -
1. | Mama Mﬂhaii_s-.m Gunﬂwan ckeo Ha_f_:_r[dri&qnm : NIM _-_ EEIEZ;IE_______: _‘
= Keterangan :_ - J:mgzal Wakto Tempat / Ruang
" | Pelaksanaan . _ l
Pepembanpan  Sisten  Jalan Hobol Humano I-".ﬁrelm*. B7H
3. | Judul Skopea Mengpunakan Sensor Kompas [Uniok Komles Robot Senmi Tarn
- Indonesia ( KRSTT )
| &cﬂﬂ“w‘tﬁﬂ‘ﬂ SV Vet ME
4. | Perubahan Judul - ‘Lﬁﬁﬁ‘mt = ?rt’&ud! Uﬂ ""5"5
‘ ﬂﬂmé Sﬁu
- *aci C E-{Ea‘[ ( )
Catatan -
5. 2 : i
6 | - Disetyjui.
Mengerahui. Dosen Pembimbing
' Pembimbing | Pembimbing 1l
Dr Eng | homany B Ene Anvueanto Soetedpo, ST, |

M Ibrabum Asharr ST MT Somaniiaa. ST.MT MT
|




PERKUMPULAN PENGELOLA PENDIDIKAN UMUM DAN TEKHOLOGI NASIONAL MALANG

INSTITUT TEKNOLOGI NASIONAL MALANG

FAKULTAS TEKNOLOGI INDUSTRI
FAKULTAS TEKNIK SIPIL DAN PERENCANAAN
PROGRAM PASCASARJANA MAGISTER TEKNIK

T BNl (PERSERC) MALANG Kampus | - I Bendunogn Slaura-qura No, 2 Telp. (03410 331431 [Hunting), Fax, (0341 553015 Malang 65145
BAME NIAGSA MALANG Kampus |l - JI Rays Karangho, K 2 Telo, 10341 41 7656 Fax, (05477 417634 Melang

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Nama : GUNAWAN EKO HENDROYONO

NI 21212216

Program Smdi : TEKNIK ELEKTRO 5-1

Konsentrasi : TEKNIK ELEKTRONIK A

Judul Skripsi : PENGEMBANGAN  SISTEN  JALAN ROBOT

HUMANOID  EPRETIWI-V4 MENGGUNAKAN
SENSOR KOMPAS UNTUK KONTES ROBOT SENI
TARI INDONESIA (KRSTT)

Dipertahankan dihadapan Majelis Penguji Skripsi Jenjang Strata Satu (S-1) pada :

Hari : Kamis
Tanggal 4 Agustus 2016 'V
Dengan Nilal BA5(A)

Panitia Ujian Skripsi
Sekretaris Majelis Penguji
— 5
A = }
e

M. IbrahimAsharl, ST, MT Dr. Eng. Ka;nnn Somawirata, ST, MT
NIP.P. 10301040358 NIP.P. 1030106361

Anggoia Penguji

Penguji | Penguji L
S

M. IbrahimAshari, ST, MT Dr. Ir. F.
NIP.P. 1030100358 NIP.P. 1039500274




ENSTITLT TEKNOLOGE NASHINAL
FAKULTAS TREENOLOCT INDUSTRY
JUKLESAN TERMIK ELEKTRO 5-1
AL Hayw Karesgie, Km, 7 MalAMG

Formulir Perbaikan Ujian Skripsi

Dalam Pelaksanaan Ujian Skripsi Jenjang Strata | Jurusan Teknik Elekiro Konsentrasi T.Energi Listrik/
. Elektronika, /T. Komputer, / T.Telekomunikasi, Maka Perlu Adanya Perbaikan Skripsi Untuk Mahasiswa:

Nama § G‘\.UJ.MM “I:,L(E) H-
NIM F b "U'u
Perbaikan Meliputi

O pn ﬁ 5 L
qwlﬂ'l

204"




PERKUMPULAN PENGELOLA PENDIDIKAN UMUM DAN TEKNOLOGI NASIONAL MALANG

INSTITUT TEKNOLOGI NASIONAL MALANG

FAKULTAS TEKNOLOGI INDUSTRI
FAKULTAS TEKNIK SIPIL DAN PERENCANAAN
PROGRAM PASCASARJANA MAGISTER TEKNIK

BNI (PERSERC) MALANG Kampug | : JI, Berdungan Sigura-gura Mo, 2 Talp, (0341) 551431 (Hunting), Fax. (0341} 553015 Malang 65145
BANK NIAGA MALANG Kampus [ : M. Aaya Karanglo, Km 2 Talp. (0341) 417636 Fax. (0341) 4176234 Malana

LEMBAR PERSETUJUAN PERBAIKAN SKRIPSI

Dalam pelaksanaan ujian skripsi jenjang Strata Satu (S-1) Jurusan Teknik Elektro
Konsentrasi Teknik Elektrtonika, maka perlu adanya perbaikan skripsi untuk mahasiswa :

NAMA : GUNAWAN EKO HENDROYONO
NIM 1 12.12.216
JURUSAN : TEKNIK ELEKTRO 5-1

KONSENTRASI : TEKNIK ELEKTRONIKA

MASA BIMBINGAN : SEMESTER GENAP 2015/2016

JUDUL : PENGEMBANGAN SISTEM JALAN ROBOT HUMANOID
EPRETIWI-V4 MENGGUNAKAN SENSOF. KOMPAS UNTUK
KONTES ROBOT SENI TARI INDONSESIA (KRSTI)

Tanggal Uraian Paraf
Penguji | _
04-08-2016 |
Peangugi 11 Penambahan keterangan pada tabel
04-08-2016
Disetujui,

Dosen Penguji I

M. Tbrahim Ashari, ST, MT

NIP.Y.1039500274 NIP.P. 1030100358
Mengetahui,
Dosen Pembimbing 1 Dosen Pembimbing )|
~ S ==
N2

Dr, Fn llcumﬁ Somawirata, ST, MT
NIP.P. 1030100361 NIP.Y. 1030800417




PERKUMPULAN PENGELOLA PENDIDIKAN UMUM DAK TEKNOLOG! NASIONAL MALAKG

AKLHLTAS TERNOLOG] I STR
FAKLILTAS TEKM oL DAN PEFENCANAR
G AR = JE A N L ER TEEMI
Momor Suvat C ITN-T8 /EL-FTI/2015 ¥ Marel 2016
Lamparan -
Porbat : BIMBINGAN 5RRIPS]  Baru)
kepada : Yth Bapak/tby DR Eng Komang Somawirata, ST M

Dosen Teknik Elekiro S-|
TN MALANG

engan Hormat

Sesual dengan permefonan dan persetupsn dalam Proposal Skips untuk meahasiswa:

MNama - Gunawan ko Hendivone
Mim P21 ELG
Fakultas - Teknologi Industri

Progrm St - Teknik Flektra 5<1
Konsentrasi - Tehnik Elektronika

Maka dengan mi peminmbmgan terschut kam serghkan sepenuhnyva kepada Saodara’l
selama masa waktu
" Semester Gepap Tahun Akadenish 20152006

Demikian atas perhatan serta bantuannyva kami sampaikan lerma  kasib

Mengetah
cariy Stodh Tokouk Blekiog S-1

WIP P TO301M3SE




AR DLETAS TERNSOLOG INDLATRI

e winl LS HISAT VIA

ISTUDE IFRNIE ELERTRO)

il |

VONTTORING BIMBING AN SKRIPS]

SEMESTER GENAR

Hari, Tanyiul Waktu

Bimbinyan

HI% 1% %

V2

TAHUN AKADEMIK 2015-2016

Vareri Bimbangan Parud

é:-}'--_*.-‘.ﬁ{_ﬁ.; ﬁ":'" ‘1"1‘- P £ -_"r:"ﬁ'_"“ Jrr“'“'—r

A -

filﬁ I:.-*_,!{I':Iq‘tp Eﬂlﬂ-{.{){bw--l -J:I"-"‘t-lg :
.II )

£

oy
(ol s Gad LEL = | oy
P e T At i L
! J I. 15 ! y
4
a _ 'y
| HAbadake leg, | !

| homang Sumiwiirala,

WP, P 1030100361




P —— 2 e

Mingou
Ke

Hart, Tangesl

o B0
af? : !
"E

"?—t.:f’ .Z_E-':'fé
._:-21":‘ )

%8

ONITORING BTMBING AN SKRIPS]

REGESNAP TAHUN AKADEMIEK 20152016

L
b L 1 ¥
i I ~ M { 1 I \,
PR L 4 1 IR i+
UNTLD F% ROB : AR ) -
(| [E] '\..
Waktu Winteri Bimbinpan Farad
Bimbingan
< -.'.-; ri-ﬁﬁ"-"!:'-' _."."1 3 I.__L-*C'?' _;z'_ P
= A e L fh oy el
"\l.-;'. Lomoy e A g
i af 1 ’ -y
g I.fl“—""'-L-F Gt PJ‘L":.. _:--5' e _‘_!_*_,;__.__E"_#:,I f

Cranittic

e | Lol 1 Ao '(;'-‘"’G;% g/

':_)_..C: o B -\_' e

e
o
bne 1 TR S T T e i M |
b, Eng. I komang Somawiraga, 51, M1

NTF. P D38 100 ]




PERKUMPULAN PENGELOLA PENDIDIKAN UMUM DAN TEKNOLOGI NASIONAL MALANG
INSTITUT TEKNOLOGI NASIONAL MALANG

FAKULTAS TEKNOLOGI INDUSTRI
FAKULTAS TEKNIK SIPIL DAN PERENCANAAN
PROGRAM PASCASARJANA MAGISTER TEKNIK

T, BN} {PERSERD) MALANG Kampes | : . Bendungan Sigura-gua No. 2 Telp. [0341) 551431 (Hunting), Far. (6341 553015 Malang 65743
BANK, NIAGA MALANG Kampus |l - A, Raya Karanglo, Km 2 Telp. (0341) 41 7636 Faux, ((341) £17634 Malang
Nomor Surat : ITN-181/EL-FTL/2013 B Maret 2010
Lampiran =
Perihal : BIMBINGAN SKRIFSI (Baru)
Kepada : Yth. Bapak/lbu DR.Aryuanto Soetedjo, ST.MT
Dosen Teknik Elektro 5-1
Dengan Hormal
Sesual dengan permohonan dan persetujuan dalam Proposal Skripsi untuk mahasiswa,
MNama - Gunawan Eko Hendivono
Nim S 1212216
Falultas : Teknolop! Industri
Program Studi  : Teknik Elektro S-1
Konsentrasi : Teknik Clekironika
Maka dengan ini pembimbingan tersebul kami serahkan sepenuhnya kepada Saudara/i
selama masa waktu :

“ Semester Genap Tahun Akademik 2015-2016 ™
Demikian atas perhatian serta bantuannya kami sampaikan terima  kasth,

Mengetahui
zoeram Studi Teknik Elektro 5-1

NIP.P. iﬂ3ﬂ]€l{}’ﬁﬁ




PROMGRAM ST

FRSOMOI I % asioasar

EARLLTAS TERNOLOET INDLUST R

D1 TERN K FLEK TIRO S0

vl AN

MONETORING BIM BN

SEMESTER GEMN

Wil |} il g

udul Skl

Minggu | Tari, Tanggul Wukin

Ke- | . Bimbingan |

i Vi

= a"{"//4,

![:.u-u:.'
cdik

Ly
/"'Hc; 69 >ey

Fai] ﬂ e
3
/"/f.f.

7>
| //ré bw

L"/L;/! &

L'j-f

AP TAHUN AK

wﬂiougywphga":di :

AN SKRIPSE
LDEMIEK 20152016

T 11
1§
fechp |
EA (LA 3YT | i
Il Gl \NSOR
I | [t vl |
il

Wlateri Bimbineran Maral

=) A-l *7""»-:.._ Ngr vln
Vmg” = ffbd
Bk
Rald 3
Dl 7

g+b3

Bk 3

= i
‘t} i Y ¢ 1y 3 7
g
s

Dr. Eng. Aryvouniy Soctedju, ST, MT

NIP. P MRORO04LT




[ TAS Mk "
i ¢ K i ol 1
VIONITORING BIMBINGAN SKRIPS]
SEMESTER GENAP TAHNINY AKANDEMIK 20152016
1515 :
- ] Laaridi ]51
i . NG A | Nl E)
A |
viingaun  Hard, Tangga Wakt Materi Bimbingan Paral
Ki l’y_n,,-
5 - S
[ f?‘;fk;, |10 fraleSid  (amf e
- e
p_r !.--::"'V" Mty
. C
Aﬁ/ i Bk /
¢S g -Uy ;
=2 | "I Yy % 5.
LAy g, Ml 70
Tilts o e o U I
- J I ¢
#
f
|

Dr. bng Anveanio Seefedjo, ST, M

NIP. P 036800417




SURAT PENYATAAN ORISINALITAS

Yang bertanda tangan di bawah ini :

Nama i Gunawan Eko Hendroyono
NIM ;1212216

Program Studi : Teknik Elekto S-1
Konsentrasi : Teknik Elektronika

Dengan ini menyatakan hahwa Skripsi yang caya buat adalah hasil karya sendiri,
tidak merupakan plagiasi dari karva orang lain. Dalam Skripsi ini tidak memuat
karya orang lain, kecuali di cantumkan sumbernya sesuzi dengan ketentuan YANE
berfaker.

Demikian surat penyalaan ini saya buat dan apabila di kemuodian hari ada

pelanggaran atas surat permyataan ini, saya bersedia menerima sangsinya.

Malang, 12 Apustus 2016

Yang membuat Pernyataan,
T
’{fg;'-f Wl}‘!ﬁ-ﬁ-ﬂz/ y/"--‘-"‘
8000 £ (/

Ciunawan LCko Hendrovono

NIM : 12.12.216




DATA SHEET




-Axis Digital Compass IC

MC5883L

Honeywell

Advanced informalion

Honeywell HMCS5883L is & surface-mount, multi-chip module designed for

field magnetic sensing with a digital interface for applications such as low-
. compassing and magnetometry. The HMCS883L includes our state-of-the-
high-resolution HMC 118X seres magneto-resistive sensors plus an ASIC
taining amplification, autematic degaussing strap drivers, offset cancellation,
a 12-bit ADC that enables 1° to 2° compass heading accuracy, The I'C
al bus allows for easy Interface. The HMCS883L is & 3.0x3.0¢0.89mm surface
it 16-pin leadless chip camier (LCGC) Applications for the HMCS5883L

P
=3
=
=Y

ant?®

sde Mobile Phones, Netbooks, Consumer Electronics, Auto Mavigalion

tems, and Personal Navigation Devices.

+ HMCS883L utilizes Honeywell's Anisotropic Magnetoresistive (AMR) technology that provides advantages over other
netic sensor technologies. These anisotropie, directional sensers feature precision In-axis sensithvity and linearity.
we zengors' solld-state construction with very low cross-axis sensitivity is designed to measure both the direction and

magnitude of Earth's magnetic fizids, from mill-gauss to 8 gauss. Honeywell's Magnetic Sensors are among the most

sitive and reliable low-field sensors in the industry,

=ATURES

3-Axiz Magnetoresiztive Senasors and
ASIC ina 3.0x3.0x0.5mm LCC Surface
Mount Package

12-8it ADC Coupled with Low Noise
AMR Sensors Achieves 2 milli-gauss
Figld Resolution in £8 Gauss Fields
Built-in Self Test

Low Voltage Operations (2.16 ta 3.68Y)
and Low Power Cansumption (100 pa)

Built-in Strap Driva Circuits

I*C Digital Interface
Lead Free Package Construction

Wide Magnetic Field Range {(+/-8 Oe)

Software and Algorithm Support
Availabla

Fast 160 Hz Maximum Output Rate

BENEFITS

b

Small Size for Highly Integrated Products. Just Add a Micro-
Controller Interface, Plus Two External SMT Capacitors
Designed for High Valume, Cost Sensitive OEM Designs

Easy to Assemble & Compatible with High Speed SMT Assembly

Enables 1° to 2° Degree Compass Heading Accuracy

Enables Low-Cost Functionality Test after Assembly in Production

Compatible for Battery Powered Applications

Set/Reset and Offset Sirap Drivers for Degaussing. Self Test, and
Offset Compensation

Popular Two-Wire Serial Data Interface for Consumer Electronics

RoHS Compliance

Sensors Can Be Used in Strong Magnetic Field Environments with a
1* to 2° Degree Compass Heading Accuracy

Compassing Heading, Hard lron. Soft Iron, and Aulo Calibration
Libraries Available

Enables Pedestrian Mavigation and LBS Applications




1C5883L

ECIFICATIONS (* Tested at 25°C except stated otharwisa )

iracteristics | Conditions* Min Typ | Max |  Units
ver Supply
wpply Voltage VDD Referenced to AGND 218 2.5 36 olts
VDDIO Referenced to DGND 1.71 1.8 VDO+0.1 Volts
wverage Current Draw dle Made 2 - WA
Measurement Made (7.5 Hz QOR; 100 HA
Na measursment average, MATMAD = 00) |
VDD = 2.5V, VDDIO = 1.8V (Dual Supply) |
VDD = VDDIO = 2.5V (Single Supply)
formance -
leld Range Full scale (F3) -8 +8 gauss
lag Dynamic Range 23-bit gain control 1 8 gauss
iensitivity (Gain) VDD=3.0V, GN=0to 7. 12-bit ADC 230 1370 LSb/gauss
ligital Resolution VDD=3.0V, GN=0to 7, 1-LSb, 12-bit ADC 0.73 4.35 milli-gauss
Ipize Floor VDO=3.0V, GN=0, No measuremeant 2 milli-gauss
Field Resolution) average, Standard Deviation 100 samples
| ((See typical parformance grapfis bislow)
Inearity +2.0 gauss input range ' 01 | +%FS
{ysterasis +2 0 gauss input range +25 ppm
sross-Axis Sensitivity Test Conditions: Cross field = 0.3 gauss, 0.2% YFSigauss
Happlied = £3 gauss
Jutput Rate (COR) Cortinuous Maasurment Mode a7s 5 Hz
Single Measurement Mode 180 Hz
deasurement Pericd From receiving command to data ready 6 ms
‘um-on Time Ready for [2C commands 200 He
Analog Circuil Ready for Measurements &0 bl
sain Tolerance All gainddynamic range settings +5 %
*C Address 8-bit read address 0x3D hex
B-bit write address Ox3C hax
’C Rate Controlied by I’G Master i 400 kHz
C Hystarasis Hysteresis of Schmitt trigger inputs on SCL
and SDA - Fall [VDDIO=1.8Y) C.2°VDDID Voits
Rige (WDDIO=1.8V) 0.2"VODI Volts
Seif Test &Y Ares +1.16 Qauss
£ Axis +1.08
X &Y & Z Axes (GN=5) Fositive Bias 243 575 LSk
X & Y & Z Axes (GN=5) Negative Bias 575 -243
Sensitivity Tempco Ta=-40to 125°C, Uncompensated Output 03 BaC
naral
80 Voltage Hurman Bedy Model {all pins) 2000 Valts
Charged Device Model (all pins) 750
Operating Temperature Ambient -30 a5 "
Storage Temperature ﬁ_r|_1b.i-ar|t. unbiased -40 125 "

wiww. honeywell. com




1C5883L

racteristics Conditions* Min Typ Max Units
eflow Claasification MSL 3, 260 "C Peak T'E’-I:ﬂpélja-tl.ﬂ'&

ackage Size Length and Width 285 3.00 315 mim
ackage Height 08 09 1.0 mm
ackage Weight 18 mg
soluta Maximum Ratings {" Tested at 25°C except stated otherwizea.)

iracteristics Min Max Units
upply Voltage VDD 0.3 4.8 Yolts
upply Voltage VDDIO 0.3 4.8 Volts
| CONFIGURATIONS

in Name Deseription

1 SCL Serial Clock — I°C Master/Slave Clock

2 WDD Powar Supply (2.16Y to 3.6V}

3 NG Mot to be Connected

4 81 Tie to VDDIO

5 NC | Notto be Connected

6 NC Not to be Connected

7 MNC Mot to be Connected

8 SETP Set’Reset Strap Positive — 3/R Capacitor (C2) Connection

a GND Supply Ground

10 C1 Reservoir Capacitar (C1) Connection

"o GND Supply Ground

12 SETC S/R Capacitor (C2) Connection = Driver Side

13 VDDIO IO Power Supply (1.71V to VDD)

14 NG Mot to be Connected

15 DROY Ciata Ready, Intqrrupt Pin.. Internally pulled higl:n. Optional connection. Low for 250
T e e | psec when data is placed in the data cutput registers.

16 SDA Serial Data — I’C Master/Slave Dala

. honeywell.co
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SCL

veD
NC
=1

[OF VIEW (lopking through)

> Q
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(7] (3] GND

3] ¥ G| c1

gE X (3] GND
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w indicates direction of magnetic field that generates a positive output reading in Normal Measurement configuration.

CKAGE OUTLINES

KAGE DRAWING HMCS883L (16-PIN LPCC, dimensions in millimetars)

—i I_“ PN 1 MARKER

0.325X0.250 16X @ El E @ e i
i
A=
3.00
1 = 0
0.625 7l [¢] [5]
L |‘" —=] 0.90 j=—
3.00 SIDE VIEW
BOTTOM VIEW

(Dimensions in mm)

JUNTING CONSIDERATIONS

= following Is the recommend printed cirouit board (PCB) footprint for the HMCS883L.

wavw. honeywell.com
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|
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| !
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——— ———— DD NE

HMCSER Lad Pad Peam
(Al dimangiore  @re inomTi

YOUT CONSIDERATIONS

ides keeping all components that may contain ferrous materials (nickel, etc.) away from the sensor on both sides of
PCE, it is also recommended that there is no conducting copper under/near the sensor in any of the PCE layers, See
xmmended layout below. Motice that the one trace under the sensor in the dual supply mode is not expected to carry
ve cumrent since it is for pin 4 pull-up to VDDIO. Pawer and ground planes are removed under the sensor to minimize
sible source of magnetic noise. For best results, use non-ferrous matarals for all exposed copper coding.

1010

HMC5883L HMC5883L

Dual Supply Simgle Supply

nw horneywall.com 5
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| Pad Definitien and Traces

HMC5883L is a fine pitch LCC package. Refer to previous figure for recommended FCE footgrint for proper package
ering. Size the traces between the HMC5883L and the extemal capacitors {C1 and C2) to handle the 1 ampere peak
ent pulses with low voltage drop on the fraces.

1cil Design and Solder Paste
mil stencil and 100% paste coverage is recommended for the electrical contact pads,

ow Assembly
device is classified as MSL 3 with 260°C peak reflow temperature. A baking process (125°C, 24 hrg) is required if

ce is not kept continuously in a dry (< 10% RH) environment before assembly. No special reflow profile s required for
>5883L, which Is compatible with lead eutectic and lead-free solder paste reflow profiles. Honeywell recornmends
srence {0 selder paste manufacturer's guldelines, Hand soldering iz not recommended. Bullt-in self test can be used
arify device functionalities after assembly,

rrnal Capacitors

two external capacitors should be ceramic type construction with low ESR characteristics. The exact ESR values are
crifical but values less than 200 mili-chms are recommended. Reservoir capacitor C1 is nominally 4.7 pF in
scitance, with the setreset capacitor C2 nominally 022 pF in capacitance. Low ESR characteristics may not be in
iy small SMT ceramic capacitors (0402), so be prepared to up-size the capacitors to gain Low ESR characterislics.

‘ERNAL SCHEMATIC DIAGRAM
CS8831

HMC5883L HOST CPU

i [P TI
= s pRoy |_
E ) LY 12C_DATA
— 12C A K
i aci -
CONTROL i R
T
il i DD 28V to I.6U

o o g 8 Ty
: Lo g | T ws
. &

o I8
[__,W : VDDID VDO
i 3 1.7V 10 YOD
o !1. m ! C1 ch'l
i - — _ftl_* o i
> i T a7d
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AL SUPPLY REFERENCE DESIGN
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IC5883L
5IC DEVICE OPERATION

iotroplc Magneto-Resistive Sensors

Honeywell HMCS5883L magnetoresistive sensor circuit is a trio of sensors and application specific support circuits to
sure magnetic fields. With power supply applied, the sensor converts any incident magnetic field in the sensitive axis
sions ko a differential voltage output. The magnatoregistive sensors are made of a nickel-iron (Permalloy) thin-fitm and
grned as a resistive sirip slement. In the presence of a magnetic field, a change in the bridge resistive elements
igs a corresponding change in voltage across the bridge outputs.

se resistive elements are aligned together to have a common sensitive axis (indicated by arrows in the pinout
ram) that will provide positive voltage change with magnetic fields increasing in the sansitive direction. Because the
wt is only proportional to the magnetic fisld component along its axis, additional sensor bridges are placed at
sgonal directions to permit accurate measurement of magnetic field in any crentation.

Test

:heck the HMC5883L for proper operation, a self test feature in incorporated in which the sensor (s intemally excited
& nominal magnetic field (in either positive or negative bias configuration). This field is then measured and reported.
| function is enabled and the polarity is set by bits M3[n] in the configuration register A, An internal current source
srates DC current (about 10 mA) from the VDD supply. This DC current is applied to the offset straps of the magneto-
stive sensor, which creates an artificial magnetic field hias on the sensor. The difference of this measurement and the
isurement of the ambient field will be put in the data output register for each of the three axes. By using this built-in
tion, the manufacturer can quickly verify the sensor's full functionality after the assembly without addifional test setup,
self test results can also be used to estimale/compensate the sensor's sensitivity drift due to temperature.

each “self test measurement®, the ASIC:
1. Sends a ‘Set” pulse

2. Takes one measurement (M1)
3. Sends the (=10 mA) offset current to generate the [~1.1 Gauss) offset field and takes another

measurement (M2)
4. Puts the difference of the two measurements in sensor's data output register;

Output= [M2 - M1]  ({i.e. cutput = offset field only}
| SELF TEST OPERATION section later in this datasheet for additional details.

ver Management

3 device has two different domains of power supply. The first ane is VDD that is the power supply for internal
rations and the second one is VDDIO that is dedicated o 10 interface. Itis possible to work with VDDIC equal to VDD;
jle Supply mode, or with VDDIO lower than VDD allowing HMCSEE3L to be compatible with other devices on board.

Interface

wtrol of this device is carried out via the I°C bus. This device will be connected to this bus as a slave device under the
trol of 2 master device, such as the processor,

s device is compliant with FC-Bus Specification, document number: 9398 353 40011, As an FFC compatible device,
. davice has a 7-bit serial address and supports I°C protocols. This device supports standard and fast modes, 100kHz
| 400kHz, respectively, but does not support the high speed mode (Hs). External pull-up resistors are required to
iport these standard and fast speed modes,

ivities required by the master (register read and write) have pr’surii;,r over internal activitiss, such as the measuremeant,
3 purpose of this priority is to not keep the master waiting 2nd the I°C bus engaged for longer than necessary,

amnal Clock
= device has an intermal clock for interal digital logic functions and timing managemant. This clock iz not availabie to
amal usage.

w.honeywell. com §
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"Idge for Set/Reset Strap Drive

ASIC contains large awitching FETs capable of delivering a large but brief pulse to the SetReset strap of the sensar.
strap is largely a resistive load. There is no need for an external Set/Reset circuit. The controlling of the Set/Reset
tion is done automatically by the ASIC for each measurement. One half of the diffarence from the measurements
n after a set pulse and after a reset pulse will be put in the data cutput register for each of the three axes. By doing
he sensor's intemal offset and its temperature dependence is removed/cancelled for all measurements. The setreset
es also effectively remove the past magnetic history {(magnelism) in the sensor, if any,

aach “meaasurement”. the ASIC:

Sends a "Set” pulse

Takes one measurement (Mset)

Sends a "Reset’ pulse

Takes another measurement (Mragat)

Futs the following result in sensor's data output register.

U Rl o

Output = [Mast — Mreset] / 2
rge Current Limit

current that reservoir capacitor (C1) can draw when charging is limiled for both single supply and dual supply
igurations. This prevents drawling down the supply voltage {VDD],

DES OF OPERATION

. device has several operating modes whose primary purpose is power management and is controlled by the Mode
Ister. This section describes these modes.

tinuous-Mesasurement Mode

ng continuous-measurement mode, the device continuously makes measurements, at user selectable rate, and
e3 measured data in data output registers, Data can be re-read from the data output registers if necessary, however,
& master does not ensure that the data register is accessed before the completion of the next measurement, the data
it registers are updated with the new measurement. To conserve current between measurements, the device is
wd Ina state similar to idle mode, but the Mode Register iz not changed to |dle Mode. That is. MD[n] bits are
hanged. Seitings in the Configuration Register & affect the data output rate (bits DO[n)). the measurement
figuration {bits M3[n]). whan in continuous-measurement mode. Al registers maintain valugs while in continuous-
isurement made, The I'C bus is enabled for use by other devices on the network In while continuous-measurement

e
jle-Measuremeant Mode

i is the default power-up mode. During single-measurement mode, the device makes a single measurement and
wes the measured data in data cutput registers, After the measurement is complete and output data registers are
ated, the device is placed in idle mode, and the Made Register is changed to idie mode by setting MD[n] bils. Settings
1& configuration register affect the measurement configuration (hits MS[n]then in single-measurament mods. Al
sters maintain values while in single-measurement mode. The I’C bus is enabled for use by other devices on the

work while In single-measurement mode.

i Mode

ing this mode the device is accessible through the I*C bus, but major sources of power consumption &re disabled,
h as, but nnt limited to, the ADC, the amplifier, and the sensor bias cument, All registers maintain values whils |n idle

de. The I°C bus is enabled for use by other devices on the network while in idle mode.

. oneywel | com
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3ISTERS

device is controlled and configured via a number of on-chip registers, which are described in this section. In the
wing descriptions, set implies a logic 1, and resef or clear Implies a logic 0, unless stated otherwise.

ister List
table below |ists the registars and their access. Al address locations are 8 bits,
Address Location | Name Accoss
0o Configuration Register A Read/\Write
01 Configuration Register B Read/\Write
02 Mode Register Read/\Write
03 Data Qutput X MSE Register Read
04 Data Output X LSB Register Read
05 Data Qutput £ MSB Register Read
08 Data Qutput 7 LSB Register Read
o7 Data Output Y MSB Register Read
08 Data Output Y LSE Register Fead
09 Stalus Registar Read
10 Identification Ragister A& Read
11 Identification Register B Read
12 ldentification Register C Read

Table2: Register List

ister Accoss

i section describes the process of reading from and writing to this device. The devices uses an address pointer to
:ate which register location is to be read frorm or written to. These pointer locations are sent from the master to this
& device and succeed the 7-bit address (0x1E) plus 1 bit readiwrite identifier, i.e. 0x3D for read and 0x3C far write.

ninimize the communication between the master and this device, the address pointer updated automatically without
iter intervention. The register pointer will be incremented by 1 automatically after the current register haz been read

zessfully.

address pointer value itself cannot be read via the C bus,
attempt to read an invalid addrass location retums 0's, and any write to an invalid address location or an undefined bit
in 2 valid address location is ignored by this device.

nove the address pointer to a random register location, first issue a “write” to that register location with no data byte
mwing the commend. For example, to move the address pointer to register 10, send 0x3C O0x0A.

w.honaywell com 11




C5883L
figuration Register A
tonfiguration register is used to configure the device for setting the data cutput rate and measurement configuration.

0 through CRA7Y indicate bit locations, with CRA denoting the bits that are in the configuration register. CRAY denotes
irst bit of the data stream. The number In parenthesie indicates the default value of that bit. CRA default is 0x10.

CRAT CRAG CRAS CRA4 CRA3 CRAZ CRA1 CRAD

(0) MA1(0) | MA@} |DO2(1) |DO1(D) |DOO(0) |MSH {u_} MSO (0}

Table 3; Configuration Register A

Locatlon Name Description
Bit CRAY is reserved for future function. Set to 0 when
ehat GRAT configuring CRA.

Select number of samples averaged (1 to 8) per

CRAE to CRAS | MA1 1o Ma0 | maasurement output:

00 = 1(Default), 01=2,10=4, 11 =8

Drata Output Rate Bits. These bits set the rate at which data
is written (e all three data outpul registers.

Measurement Configuration Bits. These bits define the
CRA1 1o CRAD | M31 to M30 | measurement flow of the device, specifically whether or not
to incorporate an applied bias into the measureament.

CRA4 to CRA2 | DO2 to DOO

Tabkle 4; Configuration Register A Bit Designations

Table below showe all selectable output rates in confinuous measurement mode.  All three channels shall be
isured within a2 given output rate. Other output rates with maximum rate of 160 Hz can be achieved by maonitoring
1Y interrupl pin in single measurement mode.

DO2 | DO1 | DOO | Typical Data Output Rate (Hz)
|0 0 0 0.75
1 0 0 1 1.5

a 1 1] 3

a 1 1 T4

1 1] a 15 (Default)

1 ] 1 30

1 1 1] 75

1 1 1 Reserved

Tabdle §: Data Quiput Rates

MS1 | M5S0 | Measurement Mods

Mormal measurement configuration (Default). In normal measurement
0 ] configuration the device follows normal measurement flow. The positive and
negative pins of the resistive load are |eft floating and high impedance.

Pozitive bias configuration for X, ¥, and Z axes. |n this configuration, & positive

o 1 cumert is forced acrozs the resistive load for all three axes.

1 g WNegative blas configuration for X, ¥ and Z axes. In this configuration, a negative
current is forced across the resistive load for all three axes.,

1 1 This canfiguration is reserved.

Table 6; Measurement Modes
www, honeyweall.com
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figuration Reglister B

configuration register B for setting the device gain. CRBO through CRET indicate bit locations, with CRB denoting the
that ara in the configuration register. CRB7 denotes the first bit of the data stream. The number in parenthesis
:ates the default value of that bit. CRB default is 0x20,

CRBT CRBG CRBS CRB4 CRB3 CRB2 CRB1 CRB0
GNZ (0) | GN1{0) |GND(1) l {0) (0) {0) {0) (0)
Table 7: Configuration B Register
Location Name Description
Gain Configuration Bils. These bits configure the galn for
CRET 10 CRES | GN2to GNO | the device. The gain configuration is common for all
channals,
| CRB4tc CRBO (O These bits must be cleared for correct operation

Table 8 Configuration Register B Bit Designations

table below shows nominal gain settinga. Use the “Gain" column to convert counts to Gauss. The "Digital Resolution”
mn & the theoretical value In term of milli-Gauss per count (LSb) which ig the inverse of the values in the “Gain®
mn. The effective resolution of the usable signal also depends on the noise floor of the system, ie.

ctive Resalution = Max {Digital Resclution, MNoise Floor)

ose & lower gain value (higher GMN#) when total field strength causes overflow in one of the data output registers
uration}. Mate that the very first measurement after a gain change maintaing the same gain as the previous satting.

new gain setting Is effective from the second measurement and on.

Recommendad Galn Digital ]
GHNZ | GN1 | GNO | Sensor Field LSk Resolution Cutput Range
Range Gauss) (mG/LSb)
0 0 0 +0.88 Ga 1370 073 D?;ﬁgg?
0 0 1 +1.3Ga 1080 (default 0.92 Gﬁ;ﬁﬂg’jﬂ“ﬂﬂ:
o | 1| o | 2196s 820 THRE
0 1 1 $2.5Ga 660 1.52 “{’f;gﬂg:gﬁ?:r
1 b 0 $4.0Ga 440 227 ”;;ggg:g"ﬂ‘:;':}':
1 0 1 +4.7 Ga 300 2 56 Gﬁ;giﬂﬁ;’?’
1 1 0 +56 G 330 3.0 D;ZEEEE;F}F
1 1 1 +8.1Ga 230 4.35 Dﬁ';gﬂ?;gﬂ;?

w.honeyweill.com
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& Registar

mode register is an 8-bit register from which data can be read or to which data can be written. This register is used to
st the operating mode of the device. MR through MRY indicate bit locations, with MR denoting the bits that are in the
e register. MR7 denotes the first bit of the data stream. The number in parenthesis indicates the default value of that
Aode register default s 0x01.

MR7

MRE

MR35 MR4 MR3 MR2 MR1 MRD

HS{0)

{0}

) ({0 @ @ MD1 (0] | MDO (1)

Table 10: Mode Register

Location

Namsa Description

MR7 to
MR2

HS

Set this pin to enable High Speed 120, 3400kHz.

MRO

MR1to

MD1 to Mode Select Bits. These bits select the operation mode of
MO0 this device.

Table 11: Mode Register Bit Designations

MD1

T
MDO

Operating Mode

Continuous-Measurement Mode, In continuous-measurement mode,
the device continuously performs measurements and places the

result in the data register. RDY goes high when new data is placed

in all three registers. After a power-on or a write to the mode ar
configuration register, the first measurement set is avallable from all
three data outpul registers after a period of 2y and subsequent
measuraments are available at a fraqueancy of fog, whare fop is the
fraquency of data ouput.

Single-Measurament Mode (Default). When single-measurement
mode is selected, device performs a single measurament, sets ROY
high and returned to Idle mode. Mode register returns {o idle mode
bit values, The measurement remains in the data output register and
RDY remains high until the data output register is read or another
measurement is paformed.

|die Mode. Device is placed in idle mode.

ldle Mode. Device is placed in idle mode.

Table 12: Operating Modes

warw. noneywell com
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Output X Registers A and B

data output X registers are two B-bil registers, data output register A and data oulput register B. These registers
: the meassurement result from channel X, Data output ¥ register A containe the MSB from the measurement result,
data output X register B containg the LSB from the measurement result. The value gtored in thege two registers is a
it value in 2's complement form, whose range is 0xFB00 to 0x07FF. DXRAOD through OXRAY and DXREOQ through
BT indicate bit locations, with DXRA and OXFR B dencting the bits that are in the data output X registers. DARAT and
B7 dencte the first bit of the data stream. The number in parenthesis indicates the default value of that bit.

e event the ADC reading overfiows or underflows for the given channel, or if there is a math overflow during the bias
surement, this data register will contain the value -4086. This register value will clear when after the next valid

surement s made.

DXRA7 | DXRAE | DXRA5S | DXRA4 | DXRA3 | DXRA2 | DXRA1 | DXRAOD
(0) (0) (0) (© (0 (@) (@) (@)
DXRB7 | DXRB8 | DXRB5 | DXRB4 | DXRB3 | DXRB2 | DXRB1 | DXRBO
(0) (0 {0) (@ @ {0 (@) (0)

Table 13: Data Output X Registers A and B

i Qutput ¥ Registers A and B

data output Y registers are two 8-bit registers, data output register A and data output register B. These registers
a the measurement result from channel Y. Data cutput ¥ register A contains the M5B from the measurement result,
data output ¥ register B contains the L5B from the measurement resull, The value stored in these two registers is a
it value in 2's complement form, whose range is OxF800 to 0x07FF. DYRAQ through DYRA7 and DYRBO through
1B7 indicate bit locations, with O¥R4 and OYRS denoting the bits that are in the data output Y registers. OYRAT and
tB7 denote the first bit of the data stream. The number In parenthesls indicates the default value of that bit.

ie event the ADC reading overflows or underflows for the given channel, or if there is a math overfiow during the bias
surement, this data register will contain the value -4086. This registar value will clear when after the next wvalid

surement is made.

DYRAT | DYRAG | DYRAS | DYRA4 | DYRAJ | DYRAZ | DYRA1 | DYRAD
(0) (0) (@ (@ (0 (@) (@) (0)
DYRB? | DYRBS | DYRB5 | DYRB4 | DYRB3 | DYRB2 | DYRB1 | DYRBO

{0) (0) (Q) (0) (0) (@ (0) (0}
Table 14: Data Output Y Registers A and B

a Output Z Registers Aand B

| data output 2 registers are two B-bit registers, data output register A and data output register B. These registers
= the measurerment result from channel Z. Data output £ register A contains the MSEB from the measurement resuit,
data output Z register B contains the LSB from the measurement resuit. The value stored in these two registers is a
Jit value in 2's complement form, whose range is OxF800 to OxOTFF. DZRAD through DZRA? and DZRBO through
387 indicate bit locations, with DZRA and DZRE dencting the bits that are in the data output Z registers. DZRAT and
2B7 denote the first bit of the data stream, The number in parenthesis indicates the default value of that bit.

he event the ADC reading overfliows or underflows for the given channel, ar iftherv.-.-lis a math overflow during the hta.s
asurement, this data register will contain the value -4096, This register value will clear when after the next valid

asurement is made.

w_honeywe|l.com 15
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DZRAT | DZRAG | DZRAS | DZRA4 DZRAJ DZERAZ DZERA1 1 DZRAD
o @ o [ | |o o |o
DZRBT | DZRB6 | DZRBS | DZRB4 | DZRBY | DZRBZ | DZRB1 | BZRBO
o | o |lo o o o o
Table 15. Data Cutput £ Registers Aand B
1| Cutput Ragister Oparation

n one or more of the output registers are read, new data cannot be placed in any of the oulput data registers until all
lata output registers are read. Thia requirement also impacts DROY and RDY, which cannot be cleared until new
is placed in all the output registers,

us Register

status register iz an 8-bit read-only register. This register is used {0 indicate device ststus. SRO through SRY
wgte bit locations, with SR denoting the blts that are in the status register. SRT denotes the first bit of the data stream,

SRY

SR6

SR5

5R4

B8R3

SR2

SR

2RO

{0)

(@

)

(0)

@

(ay

LOCK ()

RO {0}

Table 168: Siatus Register

Location

Name

Dascription

SRY to
SR2

These bits are reserved,

BR1

LOCK

Data output register lock. This bit is s&l when:
1.some but not all for of the six data output registers have
been read,
2. Mode register has been read.
When this bit is set, the six data output registers are locked
and any new data will not be placed in thesa register until

one of these conditions are met:
1.all six bytes have been read, 2. the mode register is
changed,
3. the measurament configuration (CRA) is changed,
4. power is reset

8RO

RDY

Ready Bit. Set when data is written 1o all six data registers,
Cleared when device initiates a write to the data output
registers and after one or more of the data cutput registers
are written to. When RDY bit iz clear it shall remain cleared
for a 250 ps. DRDY pin can be used as an altemative to
the status register for monitoring the device for
measurement data,

Table 17: Status Register Bit Designations

www. honeywell.com
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tification Ragistar A

identification register A is used to idenfify the device. IRAD through IRAT indicate bit locations, with /R4 denoting the
that are In the identification register A. IRAT denotes the first bit of the data stream. The number in parenthesis
ates the default value of that bit,

identification value for this device Is stored in this register. This Is & read-only registar.
ster values. ASCIl value H

IRAT | IRAE IRASE IRAL IRA3 IRAZ | IRA1 | IRAD
D

o |1 0 0 1 0 0
Table 18 Identification Register A Default Values

tificaticn Register B

identification register B is used to identify the device. IRBO through IRBT indicate bit locations, with /1RB denoting the
that are in the identification register A. IRBY denotes the first bit of the data stream.

ster values. ASCI value 4

IRBY | IRBB IRBS IRB4 IRB3 IRB2 IRB1 IREOD

0 0 1 1 0 1 0 o

Table 18 |dentification Register B Default Values
itification Register C

identification reglster C s used to identify the device. IRCO through IRCY indicate bit locations, with IRC denoting the
that are in the identification register A. IRCT denotes the first bit of the data stream.

ister values, ASCH value 3

IRCY | IRCE& IRCS IRC4 IRC3 IRG2 IRCH IRGD

0 4] 1 1 0 0 1 1

Table 20: Identfication Register C Default Values
COMMUNICATION PROTOCOL

HMCS5883L communicates via a two-wire I°C bus system as a slave device. The HMCS5883L uses a simple protocol
tha interface protocol definad by the I*C bus specification, and by this document. The data rate is at the standard-
le 100kbps or 400kbps rates as defined in the I°C Bus Specifications. The bus bit format [s an B-bi DatarAddress
4 and a 1-bit acknowledge bit. The format of the data byles (payload) shall be case sensitive ASCIl characiers or
iry data to the HMCEBB3L slave, and binary dala returned. Negative binary values will be in two's complement form.
default (factory) HMCS5883L 8-bit slave addreas is 0x3C for write operations, or 0x3D for read operations.

HMC5883L Sarial Clock (SCL) and Serial Data (SDA) lines require resistive pull-ups (Rp) between the master device
sally 8 host microprocessor) and the HMCS883L. Pull-up resistance values of about 2.25 to 10K chms are
smmended with a nominal YDDIO voltage. Other resistor values may be used as defined in the I°C Bus Specifications

rcan be tied to VDDIO.

1 SCL and S04 lines in this bus specification may be connacted to multiple devices. The bus can be a single master to
tiple slaves, or it can be a multiple master configuration. All data transfers are initiated by the master device, whi:§1 is
sonsible for generating the clock signal, and the data transfars are 8 bit Igng_ All devices are addrassed by I'C's
jue 7-bit address. After each 8-bit transfer, the master device penerates a 97 clock pulse, and releases the SDA line.
s receiving device (addressed slave) will pull the SDA line low to acknowledge (ACK) the successful transfer or leave

SDA high to negative acknowledge (NACK),

w. honeywell.com 17
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the I’C spec, all transitions in the SDA line must ocour when SCL Is low. This requirement leads to two unique
tions on the bus associated with the SDA transitions when SCL is high. Master device pulling the SDA line low while
*CL line is high indicates the Start (S) condition, and the Stop (P} condition is when the SDA line is pulled high while
3CL line is high. The |°C protecel alss allows for the Restart condifion in which the master device issues a second
condifion without issuing a stop.

us transactions begin with the master device issuing the start sequence followsd by the slave address byte. The
ess byte contains the slave address; the upper 7 bits (bita?-1), and the Least Slgnlﬁcant bit {L5b). The LEb of the
gss byte designates if the operation is a read (LSb=1) or a write (LSb=0). At the 9" clock pulse, the receiving siave
2 will issue the ACK (or NACEK). Following these bus svents, the master will send data bytas for a write aperation, ar
siave will clock out data with a read operation. All bus transactions are terminated with the master issuing a stop
ence.

s control can be implemented with either hardware logie or in software. Typical hardware designs will release the
and SCL lines as appropriate to allow the slave davicea 1o manipulate these lines. In a software implementation, care
t be taken 10 perform these fasks in code.

ZRATIONAL EXAMPLES

HMCS5B83L has a fairly quick stabilization tima from no voltage to stable and ready for data retrieval. The nominal 56
seconds with the factory default single messurement mode means that the six bytes of magnetic data registers
2/, OXRB, DZRA, DZRB, DYRA, and DYRB) are filled with a valld first measurement.

hange the measurement mode to continuous measurement mode. after the power-up time send the three bytes:

- Ox02 0x00

writes the 00 info the second register or mode register to switch from single to continuous measurement mode
ng. With the data rate at the factory default of 15Hz updates, a 67 milli-second typical delay should be aliowed by the
naster before querying the HMCSB83L data registers for new measuraments. To clock out the new data, send:

J, and clock out DXRA, DXRB, DZRA, DZRE, DYRA, and DYRE located in registers 3 through B. The HMC5883L will
matically re-point back to register 3 for the next 0x3D query. All six data registers must be read properly before new
can be placed ih any of these data registers.

w ia an example of a (power-on) initialization process for “continuous-measurement mode™

Write CRA (00} — send 0x3C 0x00 0x70 {B-average, 15 Hz default, normal measurement)
Write CRB {01) — send 0x3C 0x01 0xAD {Gain=5, or any other desired gain)

Writa Mode {02} — eend 0x3C 0xD2 0x00 (Continuous-measurement made)

Wait & ms or monitor status register or DROY hardware intemupt pin

Loop

S Sl

Send 0x3D 0x06 (Read all & bytes. |f gain is changed then this data set is using previous gain)
Convert three 18-bit 2's compliment hex values to decimal values and assign to X, Z, Y, respectively.
Seand Dx3C 0x03 (point to first data register 03)

Wait about 67 ms (if 15 Hz rate) or monitor status register or DRDY hardware Interrupt pin

End_loop
»w i3 an example of & (power-on) initialization process for "single-measurement mode”.

1. Write CRA (00) = send 0x3C 0x00 0x70 (8-average, 15 Hz default or any other rate, normal measurement)
2. Write CRE (01) - send 0x3C 0x01 0xAQ (Gain=5, or any other desired gain)
3. For each measurement query:
Write Mode {02) — send 0x3C 0x02 0x01 (Single-measurament mode)
Walt 8 ms or monitor status register or DRDY hardware interrupt pin
Send 0x3D 0x06 (Read all 6 bytes. If gain Is changed then this data set is using previous gain)
Convert three 18-bit 2's compliment hex values to decimal values and assign to X, Z, Y, respectively,

www_honeywell.com




C5883L
F TEST OPERATION

heck the HMC3883L for proper operation, a self test feature in incorporated in which the sensor offset straps are
ed to create & nominal Neld strength (bias field) to be measured. To implement self test, the least significant bits (MS1
WS0) of configuration register & are changed from 00 to 01 (positive bias) or 10 (negefive bias).

I, by placing the mode register into single or continuocus-maasurement moda, two data acquisition cycles will be made
ach magnetic vector. The first acguisition will be a set pulse followed shortly by measurement data of the external
The second acquisition will have the offset strap exclited (about 10 mA) in the positive bias mode for X, ¥, and 7
to create about a 1.1 gauss self test fisld plus the external figld. The first acquisition values will be subtractad from
econd acquisition, and the net measurement will be placed into the data ocutput registers.

& self test adds ~1.1 Gauss additional fleld to the existing field strength, using a reduced gain setting prevents sensor
being saturated and data registers overflowed. For example, if the configuration register B is sef to OxAQ (Galn=5),
5 around +452 LSb (1.16 Ga * 380 L3b/Ga) will be placed in the X and Y data output registers and around +421
| Ga ™ 380 LSW/Ga) will be placed in Z data cutput register. To leave the self test mode, change MS1 and MS0 bit of
:onfiguration register A back to 00 (Normal Measuresment Mode). Acceptable limits of the self test valuas depend on
jain satting. Limits for Gain=5 is provided in the specification table.

w is an example of a "positive self test" process using continuous-measurement mode:

Write CRA (00) — send 0x3C 0x00 0x71 (B-average, 15 Hz default, positive salf test measuremant)
Write CRE (01) = send 0x3C 0x01 0xAD (Gain=5)

White Mode (02) — send 0x3C 0x02 0x00 (Continugus-measurement mode)

Wait 8 ms or monitor status register or DREDY hardware interrupt pin

Loop

:J'I-FI-LH'N-‘I

Send Dx3D 0xi06 (Read all 6 bytes. If gain is changed then this data set is using previous gain)
Convert three 16-bit 2's compliment hex values to decimal values and assign to X, Z, Y, respectively,
Send Ox3C 0x03 (point to first data register 03)
Wait about 87 ms (if 15 Hz rate) or manitor status register or DRDY hardware interrupt pin

End_loop

5. Check limits -

it all 3 exes (X, Y, and Z) are within reasonable limits (243 to 575 for Gain=3, adjust thesze limits basing on the

gain setting used. See an example below.} Then
All 2 axes pass positive self test
Write CRA (00} — send 0x3C 0x00 0x70 {(Exit salf test mode and this procadure)

Else
If Gain<T
Write CRE {01) — send 0x3C 0201 0x_0 (Increase gain setting and retry, skip the next data set)
Else
At least one axis did not pass positive self test
Wite CRA (00) = send Dx3C Ox00 Dx70 (Exit self test mode and this procadure;
End If

w is an example of how to adjust the *positive self” test limits basing on the gain setting:

1. If Gain= 6, self tast limits ars:
Low Limit = 243 * 330/380 = 206
High Limit = 575 * 330/3490 = 487

2. IfGain = 7, salf tast limits are:
Low Limit= 243 * 230/390 = 143
High Limit = 5§75 * 2307390 = 339
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C5883L
\LE FACTOR TEMPERATURE COMPENSATION

buiit-In self test can also be used to periodically compensate the sealing errors due to termperature variations. A
sensation factor can be found by comparing the self test ouputs with the ones obtained at a known temperature. For
1ple, if the self test output is 400 at room temperature and 300 at the current temperature then a compensaticn facior
00/300) should be applied to all current magnetic readings. A temperature sensor is not required using this method,

w iz an example of a temperature compensation process using positive self test method:

| [If self test measurement at a temperature “when the last magnetic calibration was done™
X_STP = 400
¥ _STP =410
Z STP =420
1. If self test measurement at a different tmperature;
#_STP = 300 (Lower than before)
Y_STP = 310 (Lower than before)
£ STP = 320 {Lower than befare)
Then
X_TempComp = 400/300
¥_TempComp = 410/310
Z_TempComp = 420/320
3. Applying to all new measuremeants:
X =X *X_TempComp
¥=Y¥"Y_TempComp
£2=2*Z TempComp
MNow all 3 axes are temperature compensated, i.e. sensitivity I5 same as "when the last magnetic calibration was
done"; therefore, the calibration coefficients can be applied without modification.
4. Repeal this process periodically or for every At degrees of temperature change measured, if available.

DERING INFORMATION

Caution

ﬂl"dﬁﬂﬂg Number Product “A A‘ This part == sensitve Iy damage
by edectrostatic discharge. Use ESD
HMCS8B3L-T Cui Tape k f
HMCS883L-TR Tape and Real 4k piacasires] i Sigrotomld disemaironlg
CAUTION: ESDS CAT. 1B
D OUT MORE

more information on Honeywell's Magneatic Sensors visit us online at www.magneticsensors.com or contact us at
10-323-8295 (763-954-2474 internationally),

ipplicadion circuits herein constifute typical usage and interface of Honeywsll proguct. Honeywall doas nol wamanty of assuma [abdity of cusiomes-
jrvad clrculls derssed from this descripion or deplctlen.

sywell resarves the rghl I make changes to improve rellabillly, fnction or design. Hareywell doss not asaume any labilty arizing out of the
cation or use of any product or clrcult described hesein, nellher does i convey any license under s palanl rghts nor tha rights of others.
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Servo Controller Instructions for Use

Power Supply

The servo controller needs two power supplies: servo power supply and chip power supply.

Servo pawer supply {+): V5 {left of the blus connecting terminal at Position 3 in the figure)

Servo power supply (-1 GND [middle of the blue connecting terminal at Fosition 3 in the figure)

Servo power supply’s parameters depend on the parameters of the attached servo. For example, [f the TR213
servo has a power supply of 4.8-7.2V, the servo power supply can use the power source of 4.8-7.2V.

Chip power supply (+): 55 (right of the blue connecting terminal at Position 3 in the figure)

Chip power supply (-J: GND {middle of the blue connecting terminal at Pasition 3 in the figure)

Thereis a ¥55 requirement of 6.5-12V. If the chip power is input through the V55 port, the power supply has to
range from6.5to 12V,

Motes:

1.

The USB port at Position 2 in the figure can supply power to the chip. So it is adequate to choose the USB
port or alternatively the V55 port.

Position 1in the figure can supply power to the chip as well, marked 5¥ and GND, where 5V [s the anode and
GNDis the cathode, The power supply has to be 5V,

Positions 1, 2 and 3 can supply power to the chip. It is adequate 1o choose any of them.

The green LED light at Pasition 4 in the figure is the chip power indlcaton If the green light 1s on, it Indicates
the chip power warks correctly; if the light is off, it indicates the chip power malfunctions.

The green LED light at Positlon 5 In the figure is the servo power indicator. If the green light Is on, It indicates
the servo power works correctly; if the light is off, it indicates the serve power malfunctions.

It is meeessary forboth green LED lights to be on to control the serva,




Install the Driver

The driver is available at htip.//d| torobot.com/daown/usc driverexs  [case-sensitive)

Directly double click on WSC_driverexe; click on Next and the driver will be installed automatically.

If the prompt below occurs during installation, please choose "always install this driver”.
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If the prampt below aceurs during installation, pleaze chooze “rontinue”.
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After the driver is installed successfully, enter the computer’s device manager and you will see the hardware
device of the servo controllar. For example, the mini USB serve control in the figure below is the device name, and
the COMLis the port number. The device™s port number |s needed when the computer software contral is

exercised on the servo.

["F &0 (COM #1 LPT)
7 Silicon Labs CP210x USB to UART Bridge (COM3)
' TOROBOT Virtual COM Port (COM1)
"% USB-SERIAL CH340 (COMT)

N HENL




Connect the servo to the servo controller
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What s marked red in the figure are the servo’s connectors for signal wires (be careful about the direction when

connecting to the servo).
what is marked yellow in the figure are not the servo’s connectors,

Pay attention to the white textual symbols aside when connecting to the servo. For example, 51, 52,.... 532 refers
to the serve channels that correspond to the computer software.

Downlbad the Software

The software can be downleaded at
hitg:ffdl torobot com/down/rios usc.exe  (CRse-sensitivel.

Control one single servo

Run RIOS USC.exe, choose the right port number, and then click the button “open”.

Bl
wWOs: COMAT2
EfEEE 9600 “

7

Use the mouse to drag the slider in the servo pane| (drag the servo panel corresponding to the channel with which
the servo is connected; at the upper part of the panel is the serial number, such as the 51 in the figure below).
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Control Multipke Servos Simultaneously

After multiple servos are controlled in sequence by Tollowing the steps above, set the time (e.g. in the figure below,
the setting, referred to as the rotary speed, is 1000ms; it has to fall in the range 100-9993; the higher the value,
the slower the speed). Then click on the button “add” at the lower part of the software. The software will produce
a command at the lower part of the software which can exercise simultanecus control aver all the servos that are
cantrolled earlier {if 10 servos are controlled earlier, the command can control these 10 servos simultaneously).
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Download the Action Group

If several or dozens of commands are produced by following the steps above, you can click on the button "run” at
the right of the software to test these commands:

If the test result |5 acceptable, you can click on the butten “download” at the right of the software to download
the action group.

On completion of the download, the software will prompt “download Is complete! Mo.=1", where the number
refers to the serial number of this action group.

Afterwards, all commands In the group can be executed by executing the action group.

w an

q I v
1500
- FifsE | Me.=1

o = Ih

1500 1
. iR SEENSUOE Sl SRt RIinsy E s HEn W
| 818 BOOEIN T SI0S TP [S00ARL S0 T TN LSL S TR R 00 08 [0 15008 L 1R MO0+ 12 T 3000 130 1500w 1A 5006 571 5205 160 1300 3

A S S 30 SR SO0 SR AT S T SR S ST L0 13000 L1 L 5001 IS0 L3R 1 300e 141 Sa0e | 521 500k 1an 500 | A L)
i G G0 3 B SO SATES0 T WHIAIETE N M S SaEs IR 1500 ] 10 SO0 277 S0 1 3R] R 142 S00S L5 P S0 160 500 o

TS AL SE IR S L S0 AN LA P S T SO0 S A SO INIS L 101 LSRR AR 48 IR 401 SO o smaetamsan | A
717 i 57 L30AFL550 e Lo e S P L P55 LD [ e i S 50e S o N
o -

i Lisi -




Run the Action Group

Sirst click on the buttan “read” to get all serlal numbers of groups, then Input the number of times of executlons,
slick the button “run”, and the selected action group will be executed,
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Use the Off-Line Working

First dick on the button “read” to get all serial numbers of groups, input the number of times of executions, click
the button “offline”, and then the selected actlan group will be executed off-line [off-line means that the group of
actlans will not be executed until the controfler power is turned on}.
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If off-line working of the controller is no longer needed, you can click the button "disable” to turn off the functian.

Erase Flash

Erase all acticon group already downloaded to the controller.




Secondary development

The servo cantroller 15 a slave device, meaning that it can elther accept commands ar execute preset commands: It
cannot think at all.

Communication protocol: serial communication [TTL level), baud rate 9600, no check bit, 8 data bits, 1 stop bit

To control the servo through the servo controller, users can self-develop computer software or use the MCU to
send commands to the serva controller,

Command format:

Mame Command Description

Data 1 refers to the servo’s channel

Data 1500 refers to the servo’ location, in the range
R1P1S0OTLOON s S00-2500

Data 100 refers to the time of execution and

Control one single
SErYG

represents the speed, in the range 100-935%

Data 1, 2, and & refer to the senvo’s channels

Data 600, 900, and 2500 refer to the lecations of the
servos that correspond to three channels

Data 100 refers to the time of execution and
R1PROCH2Z PROOREP2S00TION, represants the speed of three servas, Regardless of

Control multiple

Servos . :
the number of servos, there is anly one time, or one

T.
The command is executed at the same time; thatis,
all servos cperate simultanesusly.

Data 1 refers to the serial number of the action
HIGC2 '\ n group

Data 2 refers to the number of cydes

Execute the first, third and first action group, The

Execute one single
action group

number of cycles is 2.
Oine particular group of action can appear

Execute multiple
P B1GHIGHLIGCZ N repeatedhy.

action groups
There can be only one number of ogcles or C.
The command is executed in sequence; that s, the
action groups are executed in sequence.
Al eommands above contain oL 1t is the end mark of the command and 15 mandatory:

All commands are no spaces.

.10 represents two characters of carrier return and linefeed, and are the hexadecimal 0x0D and 0x0A, or Chr{13}
and Chr{10}.




Connect to the MCU

| GND‘

xo|  MCU
1 EEH

RxD




r Manual of SA UBEC

8 Amps Switch-Mode UBEC

Why do you need UBEC?
BA-UBEC is a switch-mode DC-DC regulator supplied with a 2-3 cells lithium battery pack and
its a consistent safe voltage for your receiver, gyro and servos. It is very suitable for nitro powered
ielicopter {above 30 class) and big fixed-wing aircraft.
pared with the linear mode UBEC, the overall efficiency of the switch-mode BEC is much higher, so
1 extend the working time of the receiver battery pack, and because a switch mode UBEC can
ficantly reduce the heat emission, it can avoid the loss of control caused by the over-heat problem
1 is frequently happened with the linear made UBEC.
Specification:
Output: 5V/8A or 6V/BA (Changeable with an output-voltage select switch )
Input: 6V-12.6V (2-3 cells lithium battery pack)
Size: 42mm*39mm*9mm (length*width"height)
Weight: 38g
Quiescent current: 60mA
Features:
Designed with an advanced switch mode DC-DC regulator IC.
The output current is very large, the continuous output current is up to 8A, and the burst output
current is 15A.
With the output short-circuit protection function.
A metal shield covers almost all the electronic components, and a specially made filter (ferrite
ring) is attached with the output wires to significantly reduce the electromagnetic interference.
Automatically detects the number of the lithium battery pack (2 cells or 3 cells), and shows the
battery capacity with 4 indicators (LEDs).
Shows the working status with an indicator (LED), lights when the output is in normal range.
2 output leads to reduce the resistance when connecting the UEBC 1o the receiver.
Accessory: A step-down voltage regulator with 0.7V down (from 6.0V to 5.3V).

Wiring Method Inputl Voltage Indicators (4LEDs)

— N
® © © o

Fuil Mid Low Stap

UBEC

sBA MAX 15A |
 INPUT: fV=126V.2-ILipo

" Lowesi RF Nnim

‘ ‘.
Ou tputl 1 Dutput Voltage-changing Switch
Output Indicator

Special Explanation
Although we have tried our best to reduce the electromagnetic interference caused by switch
mode! UBEC. it still may cause some interference to the receiver. So please install the filter far
away from the UBEC's main board, and DON'T stack the filter on the main board. Please put the

whole UBEG as far as possible away from the receiver.
This UBEC is only designed for using lithium batter pack; we don't recommend the use of NiMh /

NiCd battery pack.
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The input polarity must be cormrect; otherwise the UBEC will be damaged. Please check the

polarity carefully before connecting the battery pack.
How to Use the UBEC?

Change the output voltage
The voltage is chosen by an output-voltage select switch.

Working status indicator (LED)
The LED shows whether the output is normal or not. It lights when the UBEC has the normal
output. If it doesn't light, please check the battery connactions.

Battery capacity indicators (4 LEDs)

LED Status The voltage of the lithium battery pack
Full | Mid | Low | Stop 28 battery pack 35 battery pack
O O O O TE—BAY 11.7—12.6¥
& o o o 7278V 10.8—11.7¥
L] ® O O 66— 7.2V 9.9—10.83V
& ® & & 54—56.6V =99V
4 LEDs= flash 1)The voltage <54V 1)The voltage =13.5V
at the same lime 23The voltage =13.5V
One LED flashes for The voltage of the battery pack is just
a shom time at the gritical edge of each range,

2 means the LED lights, @ means the LED does not light

When you are using a 3 cells lithium battery pack, if there Iis only one LED ("STOP”) lights, that
means the voltage is less than 9.9v, please change the battery pack as soon as possible,
otherwise it will be damaged because of over-discharging. For such a fully-discharged 3S battery
pack, if the voltage is less than 9V, please don't use it again before it is recharged, otherwise the
UBEC may mistakenly consider this battery as 2 cells, so the power capacity indication function
will be confused,

Turn on or turm off the output

Set the main switch to the "ON" position to turn on the output; Set the main switch to the "OFF”
position to turn off the output.

About the 0.7V step-down voltage regulator

Allowing use of Futaba servo models 9241, 9251, 9253, 9254, 9255, 9256 and other digital
servos not capable of handling 6V. This small device can change the voltage from 6V to 5.3V.
When the UBEC output is set to BY, the step-down voltage regulator is useful.

Method: Just connect the regulator inline between the Gyro and the rudder servo (Or between
the receiver and the servo), that's OK.

If you are using a servo that can accept 6V input, the regulator is not required.




® MP1584

3A, 1.5MHz, 28V

: Step-Down Converter

Fhe Future of Analog IC Technology -
DESCRIPTION FEATURES
The MP1584 is a high frequency step-down s Wide 4.5V to 2BV Operating Input Range
switching regulator with an integrated internal s Programmable Switching Frequancy from
high-side high voltage power MOSFET. It 100kHz to 1.5MHz
provides 3A output with curment mode control for = High-Efficiency Pulse Skipping Mode for
fast loop response and easy compensation. Light Load
The wide 4.5V to 28V input range accommodates = Ceramic Capacitor Stable
a vanety of step-down applications, including = Intemal Soft-Start -
those in an automotive input environment. A » Intemally Set Current Limit withoul a
100uA operational quiescent current allows use in Cumrent Sensing Resistor
battery-powered applications. = Awallable in SOICBE Package.
High power mn;hera;:d azﬁ:iama;' wt; a w::e APPLICATIONS
load range is i scaling down the Hi .

i . gh Voltage Power Conversion
switching frequency at light load condition fo Automotive Systems

reduce the switching and gate driving losses.

The frequency foldback helps prevent inductor Distributed Power Systems
current runaway during startup and thermal

Battery Powered Systems
shutdown provides reliable, fault tolerant  Technokogy e Feg e Traderens o
: ™MPE and “The Fulure of Analog 1T T "
mn_ Mondithic Power Systerns. Inc.

Industrial Power Systems

By switching at 1.5MHz, the MP1584 is able to
prevent EMI (Electromagnetic Interference) noise
problems, such as those found in AM radio and
ADSL applications.

The MP1584 is available in a thermally enhanced

SOICBE package.
—_— —
TYPICAL APPLICATION
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MP1584 = 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

ORDERING INFORMATION
Part Number* Pm:l-mge Top I'ilnrﬁing Free Air Temperature (T,
MP15B4EN SOICBE MP1584EN =20°C to +85°C

* For Tape & Reel, add suffix -Z (e.g9. MP1584EN-7);
For RoHS Compliant Peckaging, add suffix —LF. {(2.g9. MP15B4EN-LF-Z)

PACKAGE REFERENCE

ABSOLUTE MAXIMUM RATINGS

Supply Voltage {(Vin)..cooeieeeiieeenins ~{0.3V to +30V
Switch Voltage (Vsw)............~0.3V to Viy + 0.3V
BT 16 SW. oiniviniimimosivms 0.3V 10 +8Y
All Other Pins.......ccooovicieeeeiiieiiines —0.3V to +6Y

Continuous Power Dissipation  (Ts =
_'_25110}(23

Operating Junct. Temp (TJ) .....—20°C to +125°C

Thermal Resistance ' B2 B
SQICBE .o comisicaanas 850..... 10... °C/W

Motas!

1} Exceeding these ratings mey damage the device.

2] The mazimum alicwabls poiser diesipallon |5 a function of the
maximum juaction temperaiure T{MAX), the junchon-to-
ambbant thanmal rezlstance 8. and the ambient temperature

e e 2.5W T UG ik GO CaaRoLS, DAYt INELDatith 3t
Junction Temperature...........cccccevvveieene 150°C any amblent lemperailums s calculated by Po(MAKI=T,(MAX-
a Ta)l Bus Exceeding the maxi lhowatile power dlssipatian
Lead Temparature ..........co..oceuen- e 260°C w;Ju L
Storage Temperature.............. -65°C 1o +1 5{'—'—;'3 imo themmal shutdown, Intemal thermal shutdown circutry
the device fio nt d :
Recommended Operating Conditions o
Supply Voltage Vin-ccoooeimimnnninnnnn, 4.5V to 2BV operating conditions,
Qutput Voltage Vour..ooceveereenecnnene. 0.8V to 25V 4] Measured on JESDS1-7, 4-layer PCH.
e e e e e e el
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mMmes MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
Vin = 12V, Ven = 2.5V, Veowr = 1.4V, Ty=+25°C, unless otherwise noted.

Parameter Symbol | Condition | Min Typ | Max | Units
Feedback Voltage Vra 4 5V < iy = 28V 0776 | 08 | 0824 v
Upper Switch On Resistance Rosiony | Vst — Vaw = 5V i 150 mi
Upper Switch Leakage Ve = OV, Vew=0V. Vin =28V | 1 A
Current Limit | 40 | 47 A
?g:lﬂ;nt: Cw'mn;a Sense Ges f g AN |
Error Amp Voltage Gain ™ 200 vV
Error Amp Transconductance lcome = £34 40 &0 80 AN
Error Amp Min Source current Vg =07V L] (VTS
Error Amp Min Sink current Ve = 0.9V -5 pA
VIN LWLO Threshold 27 3.0 2.3 v
VIN UVLC Hysteresls 0.35 v
Soft-Start Time ™ 0V < Vg < 0.8V 1.5 ms
Osdliator Frequency Repea = 1T00K0O 800 kHz
Shutdown Supply Current Vey = OV 12 | 20 | pA
Quiescent Supply Current No load, Ve = 0.0V 100 | 125 | pA
Thermal Shutdown 150 °C
Thermal Shutdown Hysteresia 15 °C
Minimum Off Time 100 ns
Minimum On Time 100 ns
EN Up Threshold 1.35 1.5 1.65 v
EN Hysteresis J00 my
Mots:

5) Guaranteed by design.

e ) s e s i e e e U e e ]
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mi2s MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

PIN FUNCTIONS
ginr:li Name |Description
1 sW Switch Node. This is the output from the high-side switch. A low forward drop Schottky diode to
ground is required. The diode must be close to the SW pins to reduce switching spikes.
2 EN Enable Input. Pulling this pin below the specified threshold shuts the chip down. Pulling it up
above the specified threshold or leaving it floating enables the chip.
2 | comp |Compensation. This node Is the output of the error amplifier. Control loop frequency

compensation is applied to this pin.
Feedback. Thig is the input 10 the emor amplifier. The output voltage is sei by a resistive divider
| 4 FB |connected batwesn the output and GND which scales down Vour equal to the internal +0.8Y
I reference.
|
¢ | GND | (- gund. It should be connected as close as possible to the output capacttor to shorten the high
mP: dﬁeu current switch paths. Connes! exposed pad to GND plane for aptimal thermal performance.

<] FREQ

Switching Frequency Program Input. Connect a rasistor from this pin to ground to set the
switching frequency.

Input Supply. This supplies power to all the imtemal control circuitry, both BS reguiators and the
T VIN | high-side switch. A decoupling capacitor to ground must be placed close to this pin o minimize
switching spikes.

Bootstrap. This is the positive power supply for the intemal floating high-side MOSFET driver.

& | BST |Gonnect a bypass capacitor between this pin and SW pin.
e ——— e N =y
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mMmes MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 12V, Voir=8V, C1 = 10pF, C2 = 22F, L1= 10pH, T, = +25°C, unless otherwise noted.

Oscillating Frequency
Vs, Rireq

i |

i

OSCILLATING FREQUENGY (kHZ)
o BE8BE8s88

0 100 1000 10000
Reren (k)
Steady State Steady State Steady State
lour=0.1A, fen=500KHzZ laur=1A, fay=500kHz louT=2A, fes=500kHz
Vot Vaur Vi
e R e et s T a VeV S e a e
1%. 1mﬁ: W A ik,
s LS ¢ R — | W 4 el B B e
1W|'§\!ﬂ 1W‘T;g:“- _________ '||:W'.I'§f'-uq.-.u-‘----—n—n|—-
5 vavwvww
VA AVAYAYAVAVAVAVAVAVAY .
wm:rff Saiin
1pEeidiv, Zpsfdhv. 2peidiv.
e . e e — S i e
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mes MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, C1 = 10uF, C2 = 22pF, L1 = 10pH, fxw=500kHz, and T, = +25°C, unless otherwise noted.

Startup Shutdown Startup
loyr=0.9A lgur =0.4A logr= 1A
Wy
VEN c Ven
S, Shildi, - iy ——
P ——————— —-—
Vour _L ;
Your ()]
Tl | Eiedly, Zdi. -
Moy Yoy | Yaw
1O Hdy. Tl 1id, |
I I I
Tk .#lE (LVTE — 1 i
Smaldie Tmatdiv. Smeridiv.
Shutdown Startup Shutdown
Igur="14 lour =24 oy = 24
Ven VN EN |
Eiditv. By, Srdn.

i, L 2T, T,

gy Ve Vauy

Aoy, 10, | AP i,

I I i

T, - it A,
F00usidiy.

Smaldiv, 1 D0usfdhy,

Short Circuit Entry Short Circuit Recovery
oy = 0.9A o Short ey = Sht o 0A
r
Ve Viour i
iy T — Ty, e————

—— e o o e X SNSERS e —
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BLOCK DIAGRAM

MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

i REFERENCE UNVLOY
THERMAL
SHUTDOWN

1.ams 55 —+ 55

s

Il

ova ' OSCILLATOR — CLK

: i Vour
R T N e TP T
COMP GND FREQ = =

Figura 1—Functional Block Diagram

OPERATION

The MP1584 is a variable frequency,
non-synchronous, step-down switching
regulator with an integrated high-side high
voitage power MOSFET. It provides a highly
efficient solution with current mode control for
fast loop response and easy compensation. |t
features a wide input voltage range, intemal
soft-start control and precision current limiting.
Its very low operational guiescent current
makes it sultable for battery powered
applications.

PWHM Control

At moderate to high output cumrent, the MP1584
operates in a fixed frequency, peak current
control mode to regulate the output voltage. A
PYWM cycle is initiated by the internal clock. The
power MOSFET is turned on and remains on
until its current reaches the value set by the
COMP voltage. YWhen the power switch is off, it
remains off for at least 100ns before the next
cycle starts. If, in one PWM period, the current
in the power MOSFET does not reach the
COMP set cument value, the power MOSFET
remains on, saving a tum-off operation.

— — e e e
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MP1584 — 3A, 1.5MHz, 28V STEF-DDWH CONVERTER

Error Amplifier

The error amplifier compares the FB pin voltage
#ith the Internal reference (REF) and outputs a
:urrent proportional to the difference batween
he two. This output current is then used to
sharge the external compensation network to
form the COMP wvoliage, which is used to
sontrol the power MOSFET current.

Juring operation, the minimum COMP voliage
s clamped to 0.9V and its maximum Is clamped
‘0 2.0v. COMP is internally pulled down to GND
n shutdown mode. COMP should not be pulled
up beyvond 2 .8v.

internal Regulator

Most of the intemal circuitries are powered from
the 2.6Y internal regulator. This regulator takes
the VIN input and operates in the full VIN range.
When VIN is greater than 3.0V, the output of
the reguiator is in full regulation. When VIN is
loweer than 3.0V, the cutput dacreases.

Enable Control

The MP1584 has a dedicated enable control pin
(EN). With high enough input voltage, the chip
can be enabled and disabled by EN which has
positive logic. lte falling threshold is a precision
1.2V, and its ricing threshold is 1.5V (300mV
higher).

When floating, EN is pulled up to sbout 3.0V by
an internal 1uA current source so it is enabled.
To pull it down, 1pA current capability is
neaded.

When EN is pulled down below 1.2V, the chip is
put into the lowest shutdown curent mode.
When EN is higher than zero but lower than its
rising threshold, the chip is still in shutdown
mode but the shuidown cument increases

slightly.
Under-Yoltage Lockout (UVLO)

Under-voliage lockout (LWLO) is implemented
to protect the chip from operating at insufficient
supply voltage. The UVLO rising threshold is
about 3.0V while s falling threshold is a
consistent 2.6V,

Internal Soft-Start

The softstart is implamented to prevent the
converter output voliage from overshoating
during startup. When the chip starts, the
internal circuitry generates a soft-start voltage
(35) ramping up from OV to 2.6V. When it is
lower than the intemal reference (REF), S3
overrides REF so the error amplifier uses 5SS as
the reference. When SS is higher than REF,
REF regains control.

Thermal Shutdown

Themal shutdown is implemented to prevent
the chip from operating at exceedingly high
temperatures. Yhen the silicon die temperature
is higher than its upper threshold, it shuts down
the whole chip. When the temperature is lower
than ite lower threshold, the chip Is enabled

again,

Floating Driver and Bootstrap Charging

The floating power MOSFET driver is powered
by an external bootsirap capacitor. This floating
drivar haz il= own UVLO protection. This
UVLO's rising threshold is 2.2V with a threshold
of 150mV,

The bootstrap capacitor s charged and
regulated to about 5V by the dedicated intemal
bootstrap reguiator. When the vollage between
the BST and SW nodes ig lower than its
regulation, a PMOS pass transistor connected
from VIN to BST is tumed on. The charging
current path is from VIN, BST and then to SW.
External circuit should provide enough voltage
headroom to facilitete the charging.

As long as VIN is sufficiently higher than SW,
the bootstrap capacitor can be charged. YWhen
the power MOSFET is ON, VIN is about equal
to SW so the bootsirap capacitor cannot be
charged. When the exiernal diode is on, the
difference betwean VIN and 5W is largest, thus
rmaking it the best period to charge. When there
is no current in the inductor, SW equals the
output voltage Vour so the difference between
Vin and Vour can be used to charge the
bootstrap capacitor.

— e e
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it higher duly cycle operation condition, the
ime period available to the bootstrap charging
5 less s0 the bootstrap capacitor may not be
sufficiently charged.

n case the intemal circuit does not have
sufficient voltage and the bootstrap capacitor is
10t charged, extra external circuitry ¢an be
ised to ensure the bootstrap voltage is in the
1wormal operational region. Refer to External
Sootstrap Diode in Application section.

lhe DC quiescent current of the floating driver
s about 20pA. Make sure the bleeding cument
at the SW node is higher than this value, such
hat:

Vo

Ri+Rz) ~ 2owA

|u+

Current Comparator and Current Limit

The power MOSFET current is accurately
sensed via 8 cument sense MOSFET. It is then
fed to the high speed current comparator for the
surrent mode control purpose. The current
somparator takes this sensed current as one of
ts inputs. When the power MOSFET is turmned
an, the comparator is first blanked till the end of
the turn-on transition to avoid neise issues. The
comparalor then compares the power switch
current with the COMP voltage. When the
sensed cumrent is higher than the COMP
voltage, the comparator output is low, tuming
off the power MOSFET. The cycle-by-cycle
maximum current of the internal power
MOSFET is internally limited.

MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

Startup and Shutdown

If both VIN and EM are higher than their
appropriate thresholds, the chip staris. The
reference block starls first, generating stable
reference voliage and cuments, and then the
intemal regulator is enabled. The regulator
provides stable supply for the remaining
circuitries.

While the internal supply rail s up, an intemat
timer holds the power MOSFET OFF for about
50us to blank the starup glitches., When the
internal soft-start block is enabled, it first holds
its S5 oulput low to ensure the remaining
circuitries are ready and then slowly ramps up.

Threa events can shut down the chip: EN low,
VIN low and thermal shutdown. In the shuldown
procedure, power MOSFET is tumed off first to
avoid any fault triggering. The COMP voltage
and the intemal supply rail are then pulled
down.

Programmable Oscillator
The MP1584 oscillating frequency is set by an
external resisior, Rye from the FREQ pin to
ground. The value of Ry can be calculated
from:

180000

e fen
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MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

APPLICATION INFORMATION
SOMPONENT SELECTION

Satting the Output Voltage
rhe output vollage is set using a resislive

/oltage divider from the output voltage to FB pin.

e valtage divider divides the output voltage
dowin to the feedback voltage by the
‘atio:

R2

R1+R2
lhus the output voltage is:

R+ R2
=V S

Vour

about 20uA current from high side BS circuitry
san be seen at the output when the MP1584 is
at no load. In order to absorb this small amount
of current, keep R2 under 40K0. A typical
value for R2 can be 40 2k{). With this value, R1
can be determined by:

Ri=50.25 x (V7 — 0.8){k)

For example, for a 3.3V oulpul voltage, R2 is
40.2kM}, and R1 is 127k{.

inductor

The inductor is required to supply constant
current to the output load while being driven by
the switched input voltage. A larger value
inductor will result in less ripple current that will
result in lower output ripple voltage. However,
the larger value inductor will have a larger
physical size, higher series resistance, andfor
lower saturation cument.

A good rule for determining the inductance to
use Is to allow the peak-to-peak ripple current in
the inductor to be approximately 30% of the
maximum switch curent limit. Also, make sure
that the peak inductor current is below the
maximum switch current limit. The Inductance
value can be caloulated by

r 3
p=_Your [ Your
x4l Vi J

Vihere Wour is the output voliage, Vinis the input
voltage, fsis the switching frequency, and AlLis
the peak-to-peak inductor ripple current.

Chocse an inductor thal will not saturate under
the maximum inductor peak current. The peak
inductor current can be calculated by:

Vour Vour
= 4 1=
ke =kowo 2xfng1“[ Vi

Where ILoan is the load current.

Table 1 lists a number of suitable inductors
from various manufacturers. The choice of
which style inductor to use mainly depends on
the price vs. size requirements and any EMI
requiremeant.

— S N
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MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

Table 1—Inductor Selection Guide

Dimensions
Part Number Inductance @H] Max DCR (3} | Current Rating (A) L xW x H (mm?
Wurth Electronlcs
7447788003 3.3 0024 342 T.347.3x2.2
7440868100 10 0.035 a6 10x10x3.8
T44771115 15 0.025 ars 12x12x6
Ta4771122 22 0.031 aay 12x12x8
TOH
RLFTO30T-3R3 3.3 0.02 4.1 ¥.3x8.Bx3.2
RLFT030T-4R7 4.7 0.021 34 7.3x6.8x3.2
SLF10145T-100 10 0.0364 3 10.1x10.1x4.5
SLF12585T-220M3R5 22 0.0315 a5 12 5x12 5xB .8
Toko
FDV0630-3R3M 3.3 0.031 4.3 T.Tu7%3
FOVOB30-4RTM 4.7 0.048 3.3 F.iufnd
216A5-100M 10 0.0265 4.3 10.3x10.324.5
S18AS-160M 16 0.0482 3.3 10.3x10.3x4.5
S18A5-220M 22 0.0778 3 10.3x10.3x4.5
Dutput Rectifier Diede input Capacitor

The output rectifier diode supplies the current to
the inductor when the high-side switch is off. To
reduce losses due to the diode forward voltage
and recovery times, use a Schottky diode.

Choose a diode whose maximum reverse
voltage rating is greaster than the maximum
input voltage, and whose current rating is
greater than the maximum load current. Table 2

The input cument to the step-down converter is
discontinuous, therefore a capacitor is required to
supply the AC current to the step-down converter
while maintaining the DC input voltage. Usea low
ESR capacilors for the best parformance. Ceramic
capacitors ane prefamed, but tantalum or low-ESR
electrolytic capacitors may also suffice.

For simplification, choose the input capacitor

lists example Scholtky dlodes and with RMS current rating greater than half of the
manufacturers. maximum load current,
Table 2—Diode Selection Guide
Voltage/
Diodes Current Manufacturer
Rating
B340A-13-F 400, 3A Diodas Ine.
CMSHI-40MA 400, 3A Central Semi
e b e e e e
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MP1584 — 3A, 1.5MHz, 28V STEP-DDWI!.CDNFERTER

The input capacitor (C1) can be electrolytic,
antalum or ceramic. When using electrolytic or
antalum capacitors, a small, high quality
:eramic capacitor, |.e. 0.1yF, should be placed
18 close to the IC as possible. YWhen using
>eramic capacitors, make sure that they have
snough capacitance to provide sufficient charge
0 prevent excessive voltage ripple at input. The
nput voltage ripple caused by capacitance can
e estimated by:

| v, o Moy |
v, =-toan_ Your |4 Your
N=ExC1 Vi "l Vi |

Sutput Capacitor

The output capacitor (C2) is reguired to
naintain the DC output voltage. Ceramic,
antalum, or low ESR electrolytic capacitors are
ecommended. Low ESR capacilors are
preferred to keep the outpul voltage ripple low.
The output voltage ripple can be estimated by:

_Nour [, Vour ( 1
ﬂvm_fs xLx[1 m ]KKREEH-'_E:HE&CZ]

Nhere L is the inductor value and Resr is the
squivalent series resistance (ESR) value of the
sutput capacior.

in the case of ceramic capacitors, the
impedance at the switching frequency is
dominated by the capacitance. The output
voltage ripple is mainly caused by the
capacitance. For simplification, the output

voltage ripple can be estimated by:
W, V
ANy p=—gB 1__.@.1]
U Bt xLxC2 [ Vin

In the case of tantalum or electrolytic capacitars,
the ESR dominates the impedance &t the
switching frequency. For simplification, the
output ripple can be approximated to:

UDUT UELI-'.I'
ﬂ'vﬂl.l'T L] fs KL K[T— Vi ]“RESR
The characteristics of the output capacitor also
affect the stability of the regulation system. The
MP1584 can be optimized for a wide range of
capacitance and ESR values.

e
MP1584 Rev. 1.0

Compensation Components

MP1584 amploys curmrent mode control for easy
compensation and fast transient response. The
systemn stability and transient response are
controfled through the COMP pin. COMP pin is
the output of the internal emor amplifier. A
series capacitor-resistor combination sels a
pole-zera combination to control  the
characteristics of the conirol system. The DC
gain of the voltage feedback loop is given by:

W
Avoc = Ruoap * Ges X Avgs % v =
ouT

Where Aves is the error amplifier voltage gain,
200 Ges B the current  sense
transconductanca, BAYN, Ricwn i the load
resistor value.

The system has two poles of importance, One
is due to the compensation capacitor (C3), the
output resistor of error amplifier. The other is
due to the output capacitor and the load resistor.
These poles are located at:

Gea

A I, | SR
P 2axCax Ay,

A
2 2nx GEXRLD#D

Where, Gexn s the arror
transconductance, B0pANY.

The system has one zero of importance, due to
the compensation capacitor (C3) and the
compensation resistor (R3). This zero is located
at:

amplifier

oo 1
21" 2w C3ixR3

The system may have another zero of
importance, if the output capacitor has a large
capacitance and/or a high ESR value. The zero,
due to the ESR and capacitance of the output
capacitor, is located at:

1
T £, E—
ESR T 2nxC2xRgsn

e e s S ™Y | i |
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MP1584 - 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

n this case {as shown in Figure 2), a third pole
iat by the compensation capacitor {C8) and the
ompensation  resistor (R3) s used fto
:ompensate the effect of the ESR zero on the
oop gain. This pole is located at;

=
P~ 2w CBxR2

lhe goal of compensation design is to shape
‘he converter transfer function to get a desired
cop gain. The system crossover frequency
where the feedback loop has the unity gain is
mportant. Lower crossover frequencies resull
n slower line and load transient responses,
while higher crossover frequencies could cause
system unstable. A good rule of thumb is to set
he crossover frequency to approximately one-
enth of the switching frequency. The Table 3
ists the fypical values of compensation
somponents for some standard output voltages
vith various output capacitors and inductors.
The values of the compensation components
yave been optimzed for fast transient

responses and good stability at given conditions.

Table 3—Compensation Valuas for Typlcal
Dutput Voltage/Capacitor Combinations

1. Choose the compensation resistor (R3) to set
the desired crossover frequency. Determine the
R3 value by the following eguation:

. LT x szfc . Vam

R3=
GEF'. b GE-S "'I.I'IFH

Whaere fois the desired crossover frequency.

2. Choose the compensation capacitor (C3) to
achieve the desired phase margin. For
applications with typical inductor values, setting
the compensation zero, fz1, below one forth of
tha crossover frequency provides sufficiant
phase margin. Determine the C3 value by the
following equation:

d

Chs—
" Zn=Rax1,

3. Determine if the second compensation
capacitor {(C6) is required. It is required if the
ESR zero of the oulput capacitor is located at
less than half of the switching frequency, or the
following relationship is valid:

_t .k
ZnxC2xRpen 2

Vour c2 R3 ca if this is the case, then add the second
o | YO R |k | pRp | €8 compensation capacitor (C8) to set the pole fes
at the location of the ESR zero. Detamine the
1.8 41 47 | 105 | 100 | None C6 value by the equation:
25 |47-88| 22 | 549 | 220 | None CB = %ﬁa&ﬁ
3.3 6.6 -10 22 68.1 | 220 | MNone
5 15-22 22 100 | 150 | None
i 12 | 22-33 | 22 | 147 | 150 | None
To optimize the compensation components for
conditions not listed in Table 3, the following
procedure can be used.
e e e —— PN S Y
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MP1584 - 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

{igh Frequency Operation

‘he switching frequency of MP1584 can be
rogrammed up to 1.5MHz with an extemnal
esistor.

fith higher switching frequencies, the inductive
eactance {X.) of capacitor comes to dominate,
io that the ESL of inputioutput caepacitor
jetermines the inputfoutput ripple voltage at
tigher switching freguency. As a result of that,
ligh frequency ceramic capacitor is strongly
ecommended as input decoupling capacitor
ind output filtering capacitor for such high
reguency operation.

ayout becomes more important when the
levice switches at higher frequency. It is
sssential to place the input decoupling
sapacitor, catch diode and the MP1584 (Vin pin,
SW pin and PGND) as close as possible, with
races that are very shorl and fairly wide. This
zan help to greatly reduce the voltage spike on
SW node, and lower the EMI noise level as well.

Try to run the feedback trace as far from the
nductor and noisy power traces as possible. It
s often a good idea to run the feedback trace
an the side of the PCB opposite of the inductor
with a ground plane separating the two. The
ompensation components should be placed
closed o the MP1584. Do not place the
compensation components close to or under
figh dwidt SW node, or inside the high difdt
power loop. If you have to do so, the proper
Jround plane must be in placa to isolste those.
Switching loss is expected to be increased at
high switching frequency. To help to improve
the thermal conduction, a grid of themrmal vias
can be created right under the exposed pad. It
is recommended that they be small (15mil
barrel diameter) so that the hole is essentially
filed up during the plating process, thus aiding
conduction to the other side. Too large a hole
can cause ‘solder wicking' problems during the
reflow soldering process. The pitch (distance
between the centers) of several such thermal
vias in an area is typically 40mil.

External Bootstrap Diode

It is recommended that an external bootstrap
diode be added when the input voltage is no
greater than 5Y or the 5V rall Is available in the
sysiem. This helps improve the efficiency of the
regulator. The bootstrap diode can be a low
cost one such as IN4148 or BATS4.

&Y

MP1584 0.1uF
9 )

Figure 2—External Bootstrap Diode

This dicde is also recommended for high duty
cycle operation (when Vo Vg =65%) or low
Win (=5Yin) applications.

At no load or light load, the converter may
operate In pulse skipping mode in order to
maintain the output voltage in regulation. Thus
there is less time to refresh the BS voltage. In
order o have enough gate voltage under such
operating conditions, the difference of Vin —Yaur
should be greater than 3V. For example, if the
Vour is set to 3.3V, the Vy needs to be higher
than 3.3V+3V=6.3VY to maintain enough BS
voltage at no load or light load. To meet this
requirement, EN pin can be used to program
the input UYLO voltage to Vout+3V.
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MNnes MP1584 — 3A, 1.5MHz, 2BV STEP-DOWN CONVERTER

'YPICAL APPLICATION CIRCUITS
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MP1584 — 3A, 1.5MHz, 28V STEP-DOWN CONVERTER

2CB LAYOUT GUIDE

ICB layout is very important to achieve stable
speration. it ls highly recommended to duplicate
:VE layout for optimum performance.

f change is nacessary, pleass follow these
juidelines and take Figure 5 for refarence.

1) Keep the path of switching current short and
minimize the loop area formed by Input cap,
high-side MOSFET and external switching
diode.

Bypass ceramic capacitors are suggesied to
be put cloge to the VWV Fin.

3)

4}

3)

Ensura all feedback connections are short
and direct. Flace the feedback resistors and
compensation components as close 1o the
chip as possible.

Route SW away from sensitive analog areas
such as FB.

Connect IN, SW, and especially GND
respectively to a large copper area to cool
the chip to improve thermal performance and
long-term reliability.

c4
Il
1]
BST L1
ViN O J_ VIN BW T ”"‘—r—'—"’“ﬂw
! D1 t2
Im Zas ‘% 1
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MP1584 Typical Application Circuit
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o
Y LND Ve
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Figure 5—MP 1584 Typical Application Clrcuit and PCB Layout Guide
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ACKAGE INFORMATION
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Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmegaz2560
(datasheet). It has 54 digital inputfoutput pins (of which 14 can be used as PWM outpuis),
16 analog inputs, 4 UARTs (hardware senal poris), a 16 MHz crystal oscillator, a USBE
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

Technical

Specifications Page 2
#m&sgmmltn&mmrm Page 6
oIy %h.s. Page 7
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Technical Specification

EAGLE files: arduino-mega?5il~efersnce-design zip Schematic: arduine-megaz560-schematic pdf
Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12v
Input Voltage (limits) 6-20V
Digital IO Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which B KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz

the board
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Power

The Ardulng Mega2560 can be powered via the USB connection or with an extemal power supply. The power source Is
selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2 1mm center-positive plug into the board's power jack. Leads from a battery
can be inserted In the Gnd and Win pln headers of the POWER conneciar,

The board can operate on an extenal supply of 8 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable, If using more than 12V, the voltage regulstor may overheat
and damage the board. The recommended rangeis 7 1012 volis.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
faatures the AtmegaBlU2 programmed as a USB-to-serial converter,

The power pins are as fallows:

= VIM. The input voitage to the Arduine board when it's using an external power source (as opposed to S volls
from the USB connaction or other regulated power source). You can supply voltage through this pin, or, if
supplying voltage via the power jack, access it thraugh this pin.

= BV. The regulated power supply used to power the microcontrofier and other componers on the board. This
can come aither from VIN via an on-board regulator, or be supplied by USEB or anather reguiated 5V supply.

= 3V A 33 volt supply generated by the on-board regulator. Maximum cumrent draw is 50 mA

¢ GHD. Ground pins.

Memor

The ATmega2580 has 256 KB of flash memary for storing code (of which 8 KB is used for the bootioader), B KB of
SRAM and 4 KB of EEPROM {which can be read and wiitten with the EEPROM library).

Each of the 54 digital pins on the Mega can be used as an input or output, using pinModed!, digialdmsl, and
digitalBead() functions. They operate at 5 volts. Each pin can provide or raceive a maximum of 40 mA and has an
intemal pull-up resistor (disconnected by defaull) of 20-50 kOhms. In addition, some ping have spacialized funcions:

s Sarlal: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 18 (TX); Serial 3: 15 (RX) and
14 (TX). Used to recelve (RX) and wransmit (TX) TTL serlal data. Pins 0 and 1 are glso connected to the
corregponding pins of the ATmega8U2 USB-te-TTL Serial chip .

= External Interrupts: 2 (interrupt 0), 3 {Interrupt 1), 158 {Interrupt &), 19 (interrupt 4), 20 {interrupt 3}, and 21
{intarrupt 2j. Theze pins can be configured to tigger an intarrupt on a lew value, a rising or falling edge, or a
change in value. See the atiachintermuptl! function for details.

=  PWM: 0 to 13. Provide 8-bit PYWM output with the soalogWWriied funcion.

= SPi: 50 (MISC), 51 (MOSI), 62 (SCK), 53 {88). These pins support SPl communication, which, slihough
provided by the underlying hardware, is not cumently Included in the Arduing language. The SPI pins are also
brokan out on the ICSP header, which is physically compatible with the Dusmilanove and Diecimila.

e LED: 13. There is & built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off,

= PC: 20 {(SDA) and 21 (SCL). Support FC (TWI) communication using the Wire llbrary (documentation on the
\Wiring website). Note that these pins are not in the same location as the I°C pins on the Duemilanove.

The Mega2580 has 16 analog inputs, each of which provide 10 bits of resolution {i.e. 1024 different values). By default
they measure from ground to 5 volts, though s It possible to change the upper end of thelr range using the AREF pin and
analogRefarence() function.

There are a couple of other pins on the board,

s AREF. Reference voltage for the analog nputs. Used with snalogReference().
Reset. Bring this line LOW fo reset the microconiroller. Typically used to add a reset button to shickds which
block the one on the board.
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Ardulno, or
other microcontrollers. The ATmega2560 provides four hardware UARTSs for TTL (5V) serial communication.
An ATmegaBU2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windaws machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a ssrial monitar which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmegadU2 chip and USE connection to the computer (but not for seral communication
on pins 0 and 1).

A SoftwareSerlal library allows for serlal communication on any of the Mega's digital pins.

The ATmega2560 also supports [2C (TVW) and SPI cormmunication. The Arduino software includes a Wire
liorary to simplify use of the [2C bus; see the documeniation on the Winng website for details. To use the SPI
communication, please see the ATmega2560 datasheet,

Programming

The Arduino Mega25580 can be programmed with the Arduino software (download). For details, see the
reference and lutonals.

The Atmega2b60 on the Arduine Mega comes prebumed with & bootloader that allows you to upload new
codes to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (refarence, C header files),

You can also bypass the bootioader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; =zee these instructions for details.
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Automatic {Software) Reset

Rather then requiring a phyeical press of the reset button befora an uplead, the Arduine Mega2560 is
designed in 8 way that allows it to ba resat by saftware running on a connectad computer. Ona of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmena2560 viz a
100 nancfarad capacitor, When this line is asserted (taken low). the reset line drops long enough 1o reset the
c¢hip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This satup has other implications. When the Mega2560 is connected to either & computer running Mac OS5 X
or Linux, it resets each time a connection iz made to it from software (via USB). Feor the following half-second
ar 8o, the bootloader is running on the Mega2580. While it iz programmed to ignore malformed data (i.e,
anything besides an upload of new code), it will intarcept the first few bytes of data sent 1o the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor frorn 5V ta the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from shorls and
overcyurrent. Although most computars provide their own intemal protection, the fuse provides an extra |layer
of protection. If more than 500 mA is applied to the USE pon, the fuse will automatically break the connection
until the short or overioad is removed.

Physical Characteristics and Shield Compatibilit

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with the USB connectar
and power jack axtending beyond the former dimansion. Three screw holes allow the board to be attached to
a surface or case. Mote that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of tha other pins,

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove, Digital
pins D to 13 (and the adjscent AREF and GND ping), analog inputs O to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (senal port) is located on the same pins (0 and
1), a& are external interrupts 0 and 1 (pins 2 and 3 respactively). SPI Is avallable through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I*C is not located on the same pins on the
#Mega (20 and 21) as the Duemllanove / Dlecimila (analog inputs 4 and 5.
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How fo use Arduino

Arduino can sense the environment by recelving input from a variety of sensors and can affect its
surroundings by _nontrulling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Ardulng programming language (based on Wiring) and the Arduino

communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino Is a cross-platoform pragram. You'll have to follow different instructions for your personal
0OS. Check on the Arduino site for the latest instructions. hifp-#arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Onece you have downloadsd/unzipped the arduino IDE, you can  Plug the Arduino to your PG via USB cable.

Blink led

Now you're actually ready to "bum” your
first program on the arduino board. To
select "blink led", the physical translation
of the well known programming “hello
word®, select

File:‘%e‘lﬂhhﬂok’ s ss=up () weThoc tifis Jpcs, FMen the- sEXtso zterts

Arduino-0017>Examples> mitetwt) _
Digital=Blink it hes oo
3
see something very close to the - '
screenshot on the right, S,
dignbmildrite (ledPan, 816 =t = LEA
ey LOODY ; Eur. & e
in Tools>Board select MEGA sigiielviie iattan, L0}y s o s
3 LT

Now you have fo go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

° Oone rnrnpnlmg_: E::I ;Tx[ [;:';TH
LW RX '

[V RX
S RIs o Uslead I% RX Flashing Blinking Led!

[ta -check Tar &
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Terms & Conditions

1. Warmantles

1.1 The producer warmits that b products will conform te the Epadficetions. This warranty lasts for ons (1) years from the date of the sale. The
producer sikal not be listde for any defects thal are caused by negiect, misuse or mistreatment by the Customar, inchuding improper ingtallabon of testing,
or for any prodircts that have been aiterad or madithed I any way by a Customar. Morsower, The produces ghall ret ke §akia far any detects thel resuit fram
Custormer's design. speetficaions o instruchons for such products. Testing and ather quallty eoniral lechriques are used to the sdent the producer desrms
necesiary,

12 #eny procucts fal to conform to the waranty set forth abouve, the producer's sobe lishility shall be to replacs such producis. The produesr's Habilty
shall be limited ko products that are detarmined by the producer not to corfonm to such wamanty, if the producer ebecls b repluce such products, the
producar ahall héve & reascnable tme 1O replacerments. Regiaced products shall be warmantsd for 8 nesw Tull warrsnty perisd,

1.3 EMCEPTAS SET FORTH ABOVE, PROOUCTS ARE PROVIDED "AS 5" AND ™WTH ALL FAULTS ' THE PRODUCER DISCLAIMS ALL OTHER
YWARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARFRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURFOSE

14  Customer agrees that prior to using any systens that Inchude e producer products, Customss) will lesl such systema and the functionality of the
prod_um as used [0 such systams. The producar may prowde technical. appicatons or design sdvice, qualily characterization, reliablity data or other
aarvices, Customar acknowlenpes and agress tal providicg hese s2rvices shall nod mpand or olhenwiss alter the producers warrant=s, B2 sat farh
abowe, and ne addidonal sbligations or Rabfties chall arise from the producer proveading such sandces,

1.6  The Arduino™ products are not authorized for usa in safety-critical applications wherm a feilure of tha pradoet would reasonably be axpected o causs
severe parsonal injury or death. Safety-Cotical Applicallone Inchede, without limitation, [fe support devices and sysberms, cquipment or systems for tha
operation of nudsar faclities and wespans aystems. Arduine™ products are nalther designed nor intended for Wse in miltary of asrospece spoications o
envirsnmants and for automotive applications or amdronmsnt. Susiomer Bcknowiedges and sgress that any dueh use of Arduine ™ products which & sobaly
al the Cusiomar's riak, and that Customer |s salely responsibie for complisnce with off legel and mguislory requiremsnts In cannactian with such uas,

1.6 Customer acknowladges and agraas that it & solaly reepanalble for compliance with sl legal, regulatony and safety-rtlated requirements concaming its

preducts and any uss of Arduine™ products In Customar's appllcations, potwithstanding any applications-refated information or suppert that may be
provided by e producer,

2 Indemnification

The Custormer acirrdedges and agrees to defend, ndemnify and hold hammizss the prodecss Trom and apainsl any and afl third-party lases, damages,
Exbillies and svpantes it incurs to e sutent dirscly caussd by: (i) an schual breach by 8 Customar of the repmssniation and wamantias mads under tha
tmrme and conditiona or (i) the groas negligancs or williul misconduet by the Susiomer,

i Conapquantisl Damages Wahsmer

n mb evant the producer shall be [Ebls to the Costomer or any thind parties for eny spacisl, collateral, indirect, punithee, Incdantal. consequental ar

sxsmplary damages in connection with or arising out of the produsts provided hereunder, regardiess of whethar the prodocer has bean adyised of the
possibity of such demagea, This secilon Wil surdve the teriration of the warmanty period,

4. Changes to spacifications

The producer masy make changes 1o gpeciications and product descriptions at mny tme, without nodice. The Customer Must not rey on (he abdence or
chamcteristics of any Features or instructions mardced "esarved” or "undefined.” The producer resenses theos for fulure dedinttien and shall have ne
respanalbil ity whalssever for canflicts o incompatibiitias arsing am fulisne chispges te them. The product iformation an Bwe VWeb Side or Matecals 1
BLbjec o change without notice. Do not inalize 8 design with this infarmation.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGata.it. For each Arduino board produced is
created / lopked after half squared Km of Costa Rica's
forest's.




LIST PROGRAM ARDUINO
#include <Wire,h>
#include <HMCS5883L.h>
HMCS5883L compass;

int reset =1:

int enol,bkin,bkanan;

void setup()
{
/! put your setup code here, to run once:
Seriall.begin{9600);
{
Wire.begin():
Serial.begin(9600);
compass = HMCS8E3L():

Serial println{"Setting scale to 1/- 1.3Ga");
int error = compass. SetScale(1.3);
if{error != 0)

Serial println{compass.GetErrorText(error) );

Serial.println{"Setting measurement mode to continuous");

error = compass. SetMeasurementMode(Measurement Continuous);
if{error 1=10)

Serial printin{compass.GetErrorText(error));

i




void luruskan()
{
while(1)
{
Serial.println("pos 0™M);

Serial.printin{F("#1P1233#2P2233#3P 14337/4P 1 TRO#5P92247P134348P200049P
1033#10P1700#11P1478#12P1167413P1413#14P1456816P1589% 18P150019P1
544721 P1 744422P1433823P 1922H24P 1 56 TH25PO63H26P 147 1#28P1 144#29P143
IHIOP1856:#3 1 P1742432PT789T 1 000™));

delay(900);

Serial.printin{F("#1P1233#2P22334#3P 1433#4P | TR89#5P922# 7P 1 34348P2000#9P
1033#10P 17001 1 P1478#12P1167#13P1413#14P1456%1 6P1589418F 15004 19P1
544421P1744422P1433723P 1922024 P1 56 TH#25P963826P1471428P1144429P143
3#30P1856#31 P1742432P789T1000™)):

delay(900);

break;

ST A

1

while (1)

{
MagnetometerRaw raw = compass.ReadRawAxis(),
float heading = atan?(raw. Y Axis. raw. X Axis);

float declinationAngle = 0.45;
heading += declinationAngle;

iftheading < 0)
heading += 2*PI;

{1 if{heading > )
/i heading -=2*PI;




float headingDegrees = heading * 180/M_PI;
/{8erial.printin(headingDegrees);

{idelay(10);
if{reset=—1)
{

Setial.printing"kalibrasi kompas...");
enol = headingDegrees:
bkiri=enol +21;
bkanan =enol -21:
reset=2;
Serial.print{"headingDegrees=");
Serial.printIn(headingDegrees):
Serial.print("Enol=");
Serial.println{enol);
Serial print("belok kanan jika headingDegrees >=");
Serial printin{bkanan);
Serial print("belok kiri jika headingDegrees <=");
Serial printn(bkiri);
delay(200);
}
else if (beadingDegrees >= bkanan && headingDegrees <= bkiri)
{
{

Serial.print(headingDepgrees):
Serial println("...Derajat");

HILN




Serial. printIn{F("#1 P130042P2500#3P 1 424#4P1 78945P92247P1233#8P201 1 #9P
14567 10P1678#11P1922#12P 1 189#13P1411#14P1456#16P 158941 8P1500:#19P1
544#21 P1411#22P1433423P 1 8TR424POTH2SPO22H26P 138942 8P 1 07R#29P 1433
#30P18564#31P1737432P500T600M));

delay{450%;

Seral.println(F("#1P130042P2500#3P 142444 P 1 TROHSPO224TP1233#8P201 1#9P
1456#10P167841 I P1922412P1189413P141 1#14P1456#16P1389%18P1500#19P1
A2 1P14114#22P1433#H23P1878#24PO6TH2SPI22E26P14564#28P944#29P 1433
JOPIRS6IIP1611432P500T300™));

delay(150);

Serial.printin{F("#1P1300#2P2500%3F 141 1#4P 1 TR9#5PO22#TP 1 3354#8F201 149P
1456#10P167841 1P1922412P1189413P 141 1#14P14564#16P1589418P 150041 9P1
54482 1 P1411#22P1433423P1RTEA24POGTH2IPO22#I6P] 492#28P96 | #29P 14334
JOP1856#31P1666%#32PS00T600"));

delay(450).

Serial.println(F{"# 1P 1 300#2P25004#3P136744P 1 TROE5TR334TP1 43348201 1#9P

1456#10P1678#1 1P1922#12P1189413P1411#14P1456%16P1589#18P1500#19P 1
S44#21P141 1#22P141 1#23P1878424P06TH2 S P922#26P 1 SBOH28P 107842901433
#IOP1836#3 1P 1 744#32P500T700™));

delay{550);

Serial. printin(F("#1P141 1#2P2500:43P161 1#4P 1 789:5P944+#7P 141 | #8P2011H9P
14564 10P1678#1 1P1922412P1 189413P1411#14P1456#16P 15894 18P 1500#19P1
544%21P1411#22P1433423P 1878424 P96T7#25P922426P1 581 #28P1056429P 1433
HIOP 185643 1 P1T722H32P500T300"));

delay(130};

Serial.println{F("#1P 1456#2P250043P1522#4P 1 7804 5P9224TP1 322#8P201 1#9P
1456#10P1678#1 1P1922#12P1189#13P 141 1#14P 14567 1 6P 158%%# 18P 1500# 19P 1
S44#21P1456#22P1433423P1878424P06TH25PO22426P 1478428P 101 1429P 1433
#3I0P185653 1 P1T22832P567T600™));

delav(450);




H
else if (headingDegrees <= bkanan)

1
{ Serial.print{headingDegrees);
Serial.println("...Derajat harus belok KANAN");

;
/MBELOK KANAN

for(int g1-0; g1<2; g1 ++)

{

Serial.printin{FF("#1P1300#2P2500#3P 143344P 1 78945P9224#7P1 278H#8P2056#9P
1211#10P1 7001 1 P 198971 2P 1152#13P141 1#14P1456#1 6P1856#1 8P 1500419P1
544#21P1411422P1433423P18784#24PO6 TH2SPOGTH26P1456#28P 1078#29P 1433
#30P1856#3 1 P1722432P500T300™));

delay(300);

Serial.printin{F("#1P1300#2P2500#3P1433#4P 1 789#5P922#7P 1 2564#8P205640P
1211#10P1700¢#1 1 P1989%12P1152#13P1411#14P1456#16P1767#18P1500#19P1
367#21P1522#22P1433423P1 878#24PO67#25PO6TH26P1 433128 P1078#29P 14 ] ]
#30P1856#31P1722432P500T300™);

delay(300);

Serial.println(F("#1P 121 1#2P2500#3P138%%4P1 789%# 5 PO22#TPLI6THEP20S6#9P
1211#10P1700#11P198%#12P1152#13P1411#14P1456#16P1811#18P1500#19F
344521P1456#22P 1433423 P18T7RA24APO6 TH2SPOGTH26P 1 565#2BP1078#20P 1411
H30P185643 1 P1T22432P500T500™));

delav{500);

Serial println(F("#1P1233#2P250043P1456#4P 17894 5P922# 7P 1 366#8P205659P
1211#10P1700#1 1P1989#12P1152#13P1411#14P1300#16P1900#1 8P 1500#19P 1
411#21P1544#22P1433723P1878#24P06T#25POGTHI6P 544428P1078H20P1411

#30P1856431P1722432P500T300™));

delay(300});

Serial printin(F{"#1P125642P2500#3P1433#4P1 7804 5PO224 TP 136 7H#8P205619P
I211#10P1700#1 L P1989%/1 2P1 152#13P1411#14P1300#1 6P1856#1 BP1500#19P1
411#21P1544#22P1433#23P1878#24P06T#25PO6T#26P1 522#28P1078#29P 1411
#30P 1856#31P1722#32P500T250™));

delay{250);




i

else if (headingDegrees == bkiri)

i
Serial.print{ headingDegrees);
Serial.println("...Derajat harus belok KIRI");

J
{BELOK KIRI

for(int g1=0; g1<1; gl++)

[

Serial. printin(F("#1P1300#2P2500#3P 1433#4P 1 789#5P92247P12564#8P2000#9P
1167#10P17004#11P1989412P1152#13P 141 1#14P1456#16P1256# 1 8P1500£1 9P1
544821 P1411422P1433#23P 1878#24PO6T#25P022H26P 1354#28P 1 078#20P1352
#I0P1856#31 P1745#32P500T500™);

delay(500);

Serial.printIn(F("#1P1300#2P25004#3P 1458#4P 1 78945P92247P 1 25648 P200040P
1167#10P1 70041 1P1989#12P 1 152#13P141 1#14P1456#16P121 1#18P1500£19P1
TOO#21P1411422P1433423P1878%#24P96TH25PO22H26P 141 1#28P 1078429P 1389
#30P1856#31P1685#32P500T300™);

delay(44));

Serial.printIn(F("#1P1300#2P2500#3P145644P 1 T80#5PO22#7P1 32248P2000#9P
L167#10P1 70041 1P19894#12P1152#13P141 1#14P1456#16P1278#18P1500419P1
TFOF21P14] 1 #22P1433423P18T8424PO6 TH2 SPO22#26P1456428P 10 78429P 1389
#30P1856431P1722432P500T300™);

delay(400);

Serial.printin(F("# 1P1344#2P2500#3P1526#4P 1 78945 P9224#7P1 42448 200049P
T16T#10P1700#11P1985#12P1152#13P1411#14P1456#16P1300#18P1500419P 1
700821P1411422P1433423P1878#24P96 TH25PO22426P1 563#28P1078#29P1389
#I0P 185643 1 P1760/32P500T500™);

delav(6l0);

Serial printin(F("#1P1367#2P2500#3P152244P 178945 PO22#7P 1 4334#8P200049D
1167#410P1700#1 1 P1989#12P1 152#13P 141 1#14P 172241 6P 132241 8P1500#19P 1
TO0H21P1411422P 1433423P 1 878424 P96 TH25PO22#26P1 S44428P1078429P1389
#30P1856#3 1P17674#32P500T300™);

delay{400);
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