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Schedule of This Lecture 

Part 1: Blinking LEDs and Control a Servo motors

Part 2: Getting sensory information (A/D conversion) 

Part 3: Using myo

Part 4: Controlling Dynamixel



Toward Making An Intelligent System in Real 
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Hardware Configurations on Raspberry Pi Zero W 

Mini-HDMI 

terminal

micro USB port (2.0) 

Power supply 

terminal 

GPIO (General Purpose 

Input/Output)

Camera Serial Interface 

(CSI) 

micro SD card slot 
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GPIO is the interfaces between 

Raspberry pi and real world  
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GPIO (General Purpose Input/Output) 
Power: +3.3V (1&17) and +5V(2 & 4) can use for power supply to electronic 

devices or input for circuit

GND (6,9,11,20,25,30,34,39): 0V output pins

GPIO(white): General Purpose input and output pins (3.3V or 0 V)

UART (Universal Asynchronous Receiver Transmitter):

2-wired (TxD: Transmit, RxD: Receive) Communication to PC or electronics 

devices 

I2C (Inter-Integrated Circuit): Communication standard to electronics devices 

(motors and sensors). SDA (3) is for data transmission and reception. SCL (5)

is for clock synchronization between devices. 

SPI (Serial Peripheral Interface): Communication standard to electronics 

devices. MOSI (19)=data transmission, MISO (21)=data reception, SCLK 

(23)=synchronization between devices, CE0(24), CE1(26) = port for selecting 

the target device
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Real World is “Analog” World 
7

Computers does not process “analog” signals…, it’s on the “digital” world, what we call, 0/1 world.   

We need “Analog-to-Digital” converter!!!



A/D (Analog-to-Digital) Converter  
8

⚫ Convert analog signal to digital 

signals (Analog-to-Digital Converter) 

⚫ Sampling rate (Hz, time resolution) 

and voltage resolution (bit) are 

important parameters. 

⚫ 10 bit resolution means, 3.3V is 

divided to 2^10=1024 units. 

3.3V

0.0V

1023

0

10 bit

2.5….V

775



Digital Communications to Raspi After A/D Convert 
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A/D converter (IC) 

Digital communication to 

Raspi, e.g., UART, I2C, 

SPI

Ultrasonic sensor Gyro sensor Acceleration sensor 

Sensors and A/D converter on the chip



I2C (Inter Integrated Circuit) Communication 
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✓Serial communication protocol between IC devices (by Philips) 

✓ 2-wired communication: SDA (Serial Data) and SCL (Serial 

Clock) (+ Power supply Vcc and GND are required) 

✓Communication speed is low (around 100k-3.4Mbps)

I2C Master 

(Raspberry Pi) 

I2C Slave 

Temperature sensor 

I2C address: 0x27

I2C Slave 

Motor Driver 

I2C address: 0x5a

I2C Slave 

A/D converter 

I2C address: 0x4a

SDA: Transmit and receive data   

SCL: Synchronization of communication timing   

We can connect multi devices. Each device has Identification I2C address 

3.3V GND
Vdd

GND



SPI (Serial Peripheral Interface) Communication
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✓ Serial communication protocol between IC devices (by Motorola) 

✓ 4-wired communication: MOSI (Master Out Save In: Data from master to slave), MISO 

(Master In Save Out: Data from slave to master), SCLK (Serial Clock), and CE (Chip Enable: 

Select device, 0V means “On”) (+ Power supply Vcc and GND are required) 

✓ Communication speed is high (around several dozen Mbps)

SPI Master 

(Raspberry Pi) 

SPI Slave 

A/D Converter 

SPI Slave 

Display

MOSI: Master-out Slave-in

SCLK: Synchronization of communication timing   

We can connect multi devices. 

3.3V GND
Vdd

GND

MISO: Master-in Slave-out

CE1 

CE0 



TxD: Transmit data   

RxD: Receive data

UART Communication 
12

✓ UART = Universal Asynchronous Receiver Transmitter, simply called “Serial” communication

✓ Serial communication protocol between PCs, Peripheral devices, as well as IC devices 

✓ 2-wired communication: TxD (Data Transmission) and RxD (Data Receive). Don’t use 

synchronous signals by setting to the same communication speed between devices. 

✓ Communication speed is generally max. 1115.2kbps (16Mbps, depend on device)

Raspberry Pi 

One to One Communication on UART 

Device of 

communication 

target 

RxD

TxD



How to Choose A/D Converter IC 
13

1. Select resolution

2. Select number of channels 

3. Select communication protocol 



Pin Configuration of A/D Converter IC 
14
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MCP3204/3208

Features

• 12-bit resolution

• ± 1 LSB max DNL

• ± 1 LSB max INL (MCP3204/3208-B)

• ± 2 LSB max INL (MCP3204/3208-C)

• 4 (MCP3204) or 8 (MCP3208) input channels

• Analog inputs programmable as single-ended or 

pseudo-differential pairs

• On-chip sample and hold

• SPI serial interface (modes 0,0 and 1,1)

• Single supply operation: 2.7V - 5.5V

• 100 ksps max. sampling rate at VDD = 5V

• 50 ksps max. sampling rate at VDD = 2.7V

• Low power CMOS technology:

- 500 nA typical standby current, 2 µA max.

- 400 µA max. active current at 5V

• Industrial temp range: -40°C to +85°C 

• Available in PDIP, SOIC and TSSOP packages

Applications

• Sensor Interface

• Process Control

• Data Acquisition

• Battery Operated Systems

Functional Block Diagram

Description

The Microchip Technology Inc. MCP3204/3208

devices are successive approximation 12-bit Analog-

to-Digital (A/D) Converters with on-board sample and

hold circuitry. The MCP3204 is programmable to

provide two pseudo-differential input pairs or four

single-ended inputs. The MCP3208 is programmable

to provide four pseudo-differential input pairs or eight

single-ended inputs. Differential Nonlinearity (DNL) is

specified at ±1 LSB, while Integral Nonlinearity (INL) is

offered in ±1 LSB (MCP3204/3208-B) and ±2 LSB

(MCP3204/3208-C) versions.

Communication with the devices is accomplished using

a simple serial interface compatible with the SPI

protocol. The devices are capable of conversion rates

of up to 100 ksps. The MCP3204/3208 devices operate

over a broad voltage range (2.7V - 5.5V). Low current

design permits operation with typical standby and

active currents of only 500 nA and 320 µA,

respectively. The MCP3204 is offered in 14-pin PDIP,

150 mil SOIC and TSSOP packages. The MCP3208 is

offered in 16-pin PDIP and SOIC packages.
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2.7V 4-Channel/8-Channel 12-Bit A/D Converters
with SPI Serial Interface
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Test Circuit on Breadboard: IC-to-Raspi
15
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Python Script for A/D Converter 
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#1: import wiringpi as pi (for GPIO)

#2: import time module 

#3: import mcp_adc module 

#5: Using “CE0” channel for SPI  

#6: Communication speed of SPI: 1Mbps

#7: Select Channel on IC (CH0 - CH7)

#8: Voltage on Vref

#10: Setting for ADC of MPC3208

#13 Getting Digital Value (12bit=0 - 4095)

#14 Getting Voltage Value (0-Vref)

Note: 

$ sudo pip3 install wiringpi

$ python3 mcp3208_read.py



Volume: Variable Resistor 
17

Rotary volume 

Slide volume Semi-fixed resistance 

Angle/Position 

R
es

is
ta

n
ce

 

The property of resistance change 

are different, linear B or nonlinear A, 

C, and D, depending on individual 

type, so you should check the data 

sheet of your resistor  



What is Voltage Divider?  
18

3.3V 

R1: 3Ω 

R2: 2Ω 

V1 = ?V 

V2 = ?V 

Question1: V1=?, V2=? 



A Basic Principle of Physical Analog Sensors
19

3.3V 

R1: RΩ 

R2: (Rmax-R)Ω

“Analog” sensors = device that can detect the electrical change in its 

resistor values depending on the change in dynamical information (angle, 

velocity, acceleration, strain, pressure, temperature, brightness, magnetism)



Test Circuit to Read Volume 
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Pressure Sensor: FSR402 
21

From Data Sheet 



To Get Pressure Sensor Value
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Appendix
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Books 
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