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Rules & Regulations

| will let it on your Behavior !!



Prerequisites:

C programming, Microprocessors, Control Systems, Signals & Systems



References

1.” Introduction to Embedded Systems”, David Russel, 2010

2. “Embedded Control System” , 2t" edition

3. Embedded System Design: A Unified Hardware/Software Introduction
" Online Book

Weekly hours and module units

« Each week, you have
* Theoretical lectures: 3 hours
* Practical lectures:  2hours
 Module Units: Three



ASssessment

** Final Exam:
* Theoretical part: 35%
 Practical part: 15%
** Midterm Exam
« Theoretical part: 20%
 Practical part: 15%

** Quizzes, H.Ws and attendance: 15%
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What’s an Embedded System (E.S)




/Hanuf acturing

1 / eguipmaent \ -
Motion YW

.1. Domestic
Sensors appliances
=y Embedded -:
C d Audio-wvi L
vZﬁzc?EE SyStemS / ueqluﬂipu;'lleﬁnuta

N /
e S92 g S oo

~— g

Telecommunication

- eguipment

sam Sons




What Is an Embedded System?

 An embedded system iIs a combination of hardware and
software designed to perform a dedicated function within a
larger mechanical or electronic system. It typically consists
of a microprocessor or microcontroller, memory, and

Input/output interfaces, and iIs optimized for specific tasks
rather than general-purpose computing.



The difference between a system (general computer system) and an embedded system

Azpect General System Embedded System

Purpose Multiple, general-purpose tasks specific, dedicated tasks

Human Interaction Required Usually not required

Complexity Higher Lower

Power Consumption Higher Lower

Size Larger Smaller

Functionality Reprogrammable Fixed functionality within a system

Usage Standalone devices Fart of larger systems (e.q., appliances, cars)
User Imerface Extensive Minimal to none

Memory Requirement Larger smaller

Real-Time Operation U=ually not time-critical Often time-critical



Typical examples of embedded systems versus general computers illustrate their distinct purposes and functionalities.

Type

Embedded
oystem

General

Computer

Example Devices

Washing machines, microwaves, engine control units,

pacemakers, fitness trackers

Desktops, laptops, senvers, workstations

Purpose

Perform specific,
dedicated tasks

Handle multiple, general

purpose tasks
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Characteristics of Embedded Systems
*Designed for specific tasks or functions within a larger system.

*May Iinclude integrated circuits with processors, memory, and peripherals.

«Can range from very simple (a single chip) to highly complex with multiple
components.

-Often have real-time computing constraints due to controlling physical
operations.

*Typically optimized for reliability, low power consumption, and minimal
size.

Interfaces can be non-existent or as complex as graphical user interfaces.



Classification Of E.S.s

E.S.s can be classified into 3 types:

1.

Small —scale E.S.s:

« these systems are designed with a single 8-bit, or 16-bit microcontroller.

« They have little h/w & s/w complexities and involve board-level design.

« They may even be battery operated.

« An editor & assembler specific to the uC are used.

« C - language (or similar languages) is used for developing these systems.

« Commonly used microcontrollers

Medium —scale E.S.s:

« These are designed with a single or few 16-bit or 32-bit microcontroller.

« They have both h/w& s/w complexities

* Programming tools: RTOS, source code eng. Tool, simulator, debugger &
Integrated Development Environment (IDE).



3. Sophisticated E.S.s:

* These systems have enormous h/w & s/w complexities and may need scalable
processors or configurable processors & PLAS.

« They are used for applications that need h/w & s/w co-design & integration in the
final system.

« Development tools may not be available at a reasonable cist or may not be
available at all. In some cases, a compiler might have to be developed for these
systems.

« Commonly used microcontrollers: Intel80960, ARM7, MPC604.



Appropriate Microcontroller Use

A microcontroller is the correct tool to use when:

 Intelligence is required in the system.

« The complexity of a system is reduced when using one.

* The cost of the microcontroller 1s “less” than using discrete components to do the
same job.

« A variety of sensors and actuators must be integrated in the system.

« Communication with other devices Is necessary.

Appropriate Microcontroller Use

A microcontroller is NOT the correct tool to use when:
« The system requires little or no intelligence.
« The system can be made easier and/or cheaper using discrete-components.

11



Controller of Embedded System parts can be put in following diagram:

Computer Platform

Bus

Central Controller

Processing
Unit (CPU)

Storage

(Memory) Controller

/O Front-End
Analog Input

Analog Output

Digital 1/O

Counter

Human Machine Interface (HMI)
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The Embedded System “Concept Map”

System
needing
control

Controller
Hardware

13



Systems Need Control
Systems need control could be:

* Mechanical (i.e. .......... )

* Electrical (i.e. .......... ) .
 Electro-Mechanical (Mechatronics)

The questions need to be asked are:

*  What’s wrong with that system?
* What would we like to do with i1t?
* What can we do with 1t?

Biological (1.e. .......... )
Thermodynamic (i.e. .......... )
Chemical (ie. .......... )

Other Systems ?

14



Examples Linked to Control Engineering

. ON/OFF control: Thermostat fan, water pump.
. Proportional control: Motor speed «
potentiometer error.

. PID control : Arduino PID library controlling
motor or balancing robot .

. Discrete logic/sequential control: Traffic light,
clevator simulation.

. Data acquisition: Serial logging of sensor values.



Systems Need Control

Robotics Applications:
Controlling joint motors for motion.
Reading sensor feedback (position, distance, vision).
Executing tasks like object pickup, navigation.

. Control Concept: Closed-loop feedback control (PID for motor

position).

16



Systems Need Control

Industrial Automation Applications:

. Managing conveyor belts (speed and direction).
' Controlling pumps and valves for fluid flow.
o Coordinating robotic arms for assembly lines.

. Control Concept: Sequential logic + real-time control.

17



Systems Need Control

Automotive Control Systems Applications:
. Engine Control Unit (ECU) — fuel injection, ignition timing.
. Anti-lock Braking System (ABS) — preventing wheel lock.
. Airbag deployment — triggered by crash sensors in milliseconds.

. Control Concept: Embedded real-time safety-critical control.

18



Systems Need Control

Home Automation Applications:
. Smart thermostats controlling HVAC systems.
. Automatic lighting systems (motion/light sensors).
. Security systems (cameras, alarms, smart locks).

. Control Concept: ON/OFF control + IoT connectivity.

19



Systems Need Control

Medical Devices Applications:
. Insulin pumps regulating drug delivery.
. Pacemakers maintaining heart rhythm.
. Patient monitoring systems (vital signs, alarms).

. Control Concept: Precision closed-loop biomedical control

20



A “short list” of embedded systems

* Anti-lock brakes

* Auto-focus cameras

* Automatic teller machines
* Automatic toll systems

* Automatic transmission
* Avionic systems

* Battery chargers

* Camcorders

* Cell phones

* Cell-phone base stations
* Cordless phones

* Cruise control

* Curbside check-in systems
* Digital cameras

* Disk drives

* Electronic card readers

* Electronic instruments

* Electronic toys/games

* Factory control

* Fax machines

* Fingerprint identifiers

* Home security systems

* Life-support systems

* Medical testing systems

Modems

MPEG decoders
Network cards
Network
switches/routers
On-board navigation
Pagers

Photocopiers
Point-of-sale systems
Portable video games
Printers

Satellite phones
Scanners

Smart
ovens/dishwashers
Speech recognizers
Stereo systems
Teleconferencing
systems

Televisions
Temperature controllers
Theft tracking systems
TV set-top boxes
VCR'’s, DVD players
Video game consoles
Video phones
Washers and dryers

21
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1. Overview

An Embedded Control System inteqrates several key elements to sense, process, and act

upon the physical world

t can be represented as

Physical Process — Sensor & Signal Conditioner - Controller (Hardware + Software)
- Power Interface - Actuator — Output/System Response



1. Sensor and Signal Conditioner

Type

Temperature
Position

Pressure
Light
Speed

Physical Quantity
Heat

Angle/displacement

Fluid/gas pressure
Illumination

Rotational speed

Example Sensor

LM35, TMP36

Potentiometer,
encoder

Piezo sensor
LDR, photodiode

Hall-effect sensor



1. Sensor and Signal Conditioner

* A sensor converts a physical quantity (temperature, pressure,

speed, position, light, etc.) into an electrical signal (voltage or
current).

e Acts as the input device for the embedded system.



Signal Conditioner

e Sensors usually produce weak or noisy analog signals.
* Asignal conditioning circuit modifies the signal to make it usable
by the microcontroller.




Signal Conditioner

Main functions:

Amplification - Op-amp increases signal amplitude.

*Filtering - Removes noise (low-pass, high-pass, band-pass).
Level shifting - Matches voltage to ADC input range (e.g., 0-5 V).
Isolation - Protects controller from high voltages (opto-isolators)



Power Sources

*Provide energy for all electronic components in the system.
*Must supply stable and regulated voltage to both the controller
and actuators.

Common Power Sources

*Battery (Li-ion, NiMH, etc.) — used in portable/robotic systems.
*DC Power Supply (5 V, 12 V) — for laboratory/industrial systems.
*Energy Harvesting (solar, vibration) — low-power remote devices




Power Sources

Power Management:

*Voltage Regulators:

*Converters:
e DC-DC converters (buck/boost) for efficiency.
* AC-DC rectifiers for mains input.



Power Interface

Power Management:

*Voltage Regulators:

*Converters:
e DC-DC converters (buck/boost) for efficiency.
* AC-DC rectifiers for mains input.

Protection: fuses, transient suppressors, reverse polarity protection.

10



Power Interface

The bridge between the low-power controller and high-power
actuators.Ensures the microcontroller can safely control larger loads.

Types of Power Interfaces
1.Transistor or MOSFET Drivers — switch higher current loads.
2.Relay Circuits — electromechanical switches for AC or DC loads.

3.0pto-isolators — provide electrical isolation between control and
power sections.

4.Motor Drivers / H-bridges — enable direction and speed control of
DC motors



Power Interface

The bridge between the low-power controller and high-power
actuators.Ensures the microcontroller can safely control larger loads.

Types of Power Interfaces
1.Transistor or MOSFET Drivers — switch higher current loads.
2.Relay Circuits — electromechanical switches for AC or DC loads.

3.0pto-isolators — provide electrical isolation between control and
power sections.

4.Motor Drivers / H-bridges — enable direction and speed control of
DC motors



Actuators

Actuators convert electrical control signals into mechanical motion or

physical action.
They represent the output stage of the embedded control loop.

13



Actuators

Type
Electromechanical

Electromagnetic
Thermal
Hydraulic/Pneumatic

Function Example
Rotational or linear DC motor, stepper,
motion servo

Switching or movement Relay, solenoid
Heat generation Heater element

Force/pressure control Valves, cylinders

14



User Interface (Ul)

Allows the operator or user to interact with the embedded system.
Types

*Input Devices: push buttons, switches, keypads, rotary knobs.
*Output Displays: LEDs, LCDs, seven-segment displays, touch
screens.

Communication Interfaces: serial monitor (UART), USB,
Bluetooth, Wi-Fi, CAN.



User Interface (Ul)

Role in Control

*Provides manual overrides or adjustments (e.g., setpoint entry).
*Displays measured variables, system status, and faults.

Control link: Enables real-time monitoring and manual tuning of
controller parameters



Controller Hardware

The physical computing unit executing control algorithmes.
Usually a microcontroller, microprocessor, or digital signal
processor (DSP).

17



Controller Hardware

Key Components
*CPU: performs calculations and logic operations.
*‘Memory:
* Flash/ROM — stores program (firmware).
* RAM - stores temporary data.
*Peripherals: timers, ADC, DAC, serial interfaces (UART(Universal
Asynchronous Receiver/Transmitter), 1°C, SPI,Serial Peripheral
Interface, CAN, Controller Area Network).
*Clock: determines speed of execution.
*Reset & Power Circuits: ensure stable startup



Controller Software

The firmware or program code running inside the controller.
Defines how the system responds to inputs and generates outputs.

19



Controller Software

Software Layers

1.Application Code: control algorithms (ON/OFF, PID, etc.).
2.Drivers: interface with peripherals (ADC, PWM, UART).
3.Real-Time Scheduler or Loop: manages timing and task execution.
4.Interrupt Service Routines (ISRs): handle immediate events (e.g.,
sensor triggers).



Controller Software

Software Development Flow

1.Write code in C/C++ (or Arduino language).
2.Compile - Generate machine code (hex file).
3.Upload to microcontroller via programmer/USB.
4.Test, debug, and tune parameters.
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The Embedded System “Concept Map”

System
needing
control

Controller

Hardware
*




Microprocessor

*A microprocessor is the CPU (central processing unit) on a single
chip.

It requires external memory (RAM, ROM) and peripherals to build a
complete system.

*Used in general-purpose computing systems (like PCs, laptops).
Example: Intel i5, AMD Ryzen, ARM Cortex-A, Pentium, etc.



Microcontroller

*A microcontroller is a complete computer system on a single chip.
|t contains:

 CPU

* Memory (RAM, ROM/Flash)

* |/O ports (digital & analog)

* Timers/Counters

 Communication interfaces (UART, 12C, SPI)
*Designed for specific control applications (automation, robots,
instruments).
Example: ATmega328 (Arduino), PIC16F877A, STM32, 8051.



Comparison: Microprocessor vs. Microcontroller

Feature
Definition

Memory

1/0 Ports
Application Type
System Cost

Speed

Power Consumption
Programming

Examples

Use in Control

Microprocessor (1P)
CPU on a chip

External (RAM/ROM) required
Mostly external

General-purpose computing
Higher (needs more components)
Typically higher clock rates

High

Complex OS/software

Intel i7, AMD Ryzen, ARM Cortex-A

Rare (for large systems)

Microcontroller (nC)

CPU + memory + peripherals on a
chip

Internal (RAM, ROM/Flash)

Built-in GPIO, ADC, timers
Dedicated / specific task

Lower (integrated design)
Moderate, but optimized for control
Low (battery-friendly)

Simple C or assembly

ATmega328, PIC, STM32, 8051

Common (real-time embedded
control)



Advantages of Microcontrollers

1.Compact and integrated - CPU, memory, and I/O on one chip.
2.Low cost - fewer external components.

3.Low power consumption - ideal for portable and embedded
applications.

4.Easy to program — C/C++ using tools like Arduino IDE.

5.Fast response — suitable for real-time control tasks.

6.Reliable - fewer parts, lower failure rate.

7.Flexible 1/0 - supports analog/digital signals, PWM, interrupts,
communication.



Disadvantages of Microcontrollers

1.Limited memory and processing power (compared to

microprocessors).

2.Application-specific - cannot perform general computing tasks.
3.Difficult to upgrade hardware (chip-specific).

4.Restricted multitasking (unless RTOS or multi-core MCU used)



Key Characteristics of Microcontrollers

*Dedicated task operation: designed for one main function.
*On-chip integration: CPU + memory + peripherals.

*Real-time operation: must respond immediately to sensor input.
‘Embedded in larger systems: not stand-alone like PCs.
*Programmable control logic: runs firmware written in C/C++.
*Low power & cost-efficient: used in millions of consumer and
industrial devices.



Example architecture:

*CPU core (e.g., 8-bit, 16-bit, 32-bit)
*Flash memory for program
*RAM for data

*GPI0 pins for sensors/actuators
*Timers, ADC, UART, I°C, SPI modules



Control Engineering Context

*Microcontrollers are the heart of modern control systems:
*Measure signals from sensors (temperature, pressure, position).
*Compute control law (ON/OFF, PID, etc.).

*Drive actuators (motors, valves, relays).



Summary Slide:

*Microcontroller = compact embedded computer for control tasks.
*Microprocessor = powerful CPU for general computing.

*Control systems use microcontrollers for real-time embedded
feedback control.



Error Equation

This is the fundamental signal every embedded controller computes:

Where:

o 7(t): Reference or desired value (setpoint).
o y(t): Actual measured value from a sensor.

» ¢(t): Error signal — tells the microcontroller how far the system output is from the

target.

12



Microcontroller role:

* Continuously reads sensor data.
o Calculates e(t).

 Uses it to adjust actuators (motor, heater, etc.).

13



Discrete-Time Control Law (as implemented in software)

Since microcontrollers use digital sampling, the control law is expressed in discrete time:

k

i=0 s

Where:

» ulkl: Control signal at sample k (output to actuator).
o ¢|k|: Error at sample k.

o T,:Sampling period (time between controller updates).

» K,, K;, K Proportional, Integral, and Derivative gains.

14



Microcontroller role:

v Executes this PID equation in a timed loop (every 1)

» Sends PWM or analog signal to the actuator.,



Sampling Period Relation

For stable and responsive control:

T, =
- 10f-

Where:

- fe: bandwidth or cutoff frequency of the control loop.

= Jo:sampling period (microcontroller loop delay).

»  The controller (microcontroller) must sample at least 10x faster than the system's

dominant dynamic frequency for accurate control,

16



First-Order System Response (typical controlled plant)

Used to model many physical systems (temperature, DC motor, etc.):

ng’;—iﬂ +y(t) = Ku(t)

Where:

* T:time constant (how quickly system reacts).
« K:system gain.
o u(t): control input (from microcontroller).

o y(t): system output (sensor reading).

17



Microcontroller role:

o Applies u(t) (e.g., PWM duty cycle).
o Measures y(t).

* Updates control action according to error.



Summary :

Equation

et) = r(t) — y(t)

ulk] = Kyelk] + K; Y eli] Ty + Ky

1
T’? < 107,

T%Itf-l-y—ffu

Purpose

Compute system

error

Control algorithm

S5ampling condition

System model

Implemented by

Sensor + MCU

MCU firmware

MCU timer interrupt

Physical process

19
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Microcontroller MFGRs

s AMCC

* Atmel

* Comfile Technology
Inc.

e Coridium

*Cypress
MicroSystems

*Dallas
Semiconductor

eElba Corp.

*Freescale
Semiconductor

* Fujitsu

e Holtek

¢ [nfineon

¢ [ntel

* Microchip
Technology

e National
Semiconductor

o NEC

¢ Parallax, Inc.

* Philips
Semiconductors

e PICAXE

*Renesas Technology

eSilabs

¢Silicon Motion

e STMicroelectronics

¢ Texas Instruments

eToshiba

* Western Design
Center

¢ Ubicom

* Xemics

* Xilinx

¢ ZiLOG



TERMINOLOGIES

A. Open-Source Software (OSS): Type of computer software in which
source code is released under a license in which the copyright holder grants
users the rights to use, study, change, and distribute the software to anyone
and for any purpose. Examples: Linux, Android, Firefox etc.

B. Open-Source hardware (OSH): Physical artifacts of technology
designed and offered by the open-design movement. Information about the
hardware 1s easily discerned so that others can make 1t — coupling it closely
to the maker movement. Hardware design (i.e., mechanical drawings,
schematics, bills of material, PCB layout data, HDL source code and
integrated circuit layout data), in addition to the software that drives the
hardware, are all released under free/libre terms. Examples: RepRap (3D

printing), Arduino etc.

®
open source

initiative

open source
ardware



TERMINOLOGIES

C. Microcontroller: An integrated circuit (IC) device used for controlling other portions of an
electronic system, usually via a microprocessor unit (MPU), memory, and some peripherals. These
devices are optimized for embedded applications that require both processing functionality and agile,
responsive interaction with digital, analog, or electromechanical components. A typical
microcontroller includes a processor (CPU), memory and input/output (I/O) peripherals on a single
chip. MCUs are found in wvehicles, robots, office machines, medical devices, mobile radio
transceivers, vending machines and home appliances, among other devices. They are essentially
simple miniature personal computers (PCs) designed to control small features of a larger component,

without a complex front-end operating system (OS).




What is the Arduino?

T Arduino is an opensourceelectronicsplatform basedon easyto-usehardwareand
software

T Arduino boardsareableto readinputs- light on asensorafingeronabutton,or a
Twitter message andturnit into anoutput- activatinga motor,turningonanLED,
publishingsomethingonline

T You cantell your board what to do by sending a set of instructions to the
microcontrollerontheboard

T To do so you usethe Arduino programminglanguage(basedon Wiring), and the
Arduino Software(IDE), basedn Processing



Why the Arduino?

T Improvemenbverothermicro-controllersfor hobbyusage

T Inexpensive

T IDE onmultiple platforms(Mac, PC, Linux)

T Simple,clearprogrammingenvironment 3 & °

T Opensourceandextensiblesoftware/hardware

T Arduino Shields(elementghatcanbe pluggedontoaboardto give it extrafeatures)

T Over the yearsArduino hasbeenthe brain of thousandof projects,from everyday
objectsto complexscientificinstruments

T Arduino board started changing to adapt to new needs and challenges,
differentiating its offer from simple 8-bit boardsto productsfor 10T applications,
wearable 3D printing,andembeddedenvironments



Arduino Shields
Shield Name
Motor Shield
Ethernet Shield
Wi-Fi Shield
Bluetooth Shield

GPS Shield
LCD/Touch Shield
Relay Shield

Sensor Shield

GSM/GPRS Shield

Function Example Application

Controls DC motors and servos Robotics, automation

Adds wired network (LAN)

capability loT data logging
Connects to WFi networks Smart home, remote control

Enables Bluetooth

. Wireless sensors
communication

Receives geographic coordinate Vehicle tracking
Provides display and user input Interface panels
Controls higlpower devices Home automation

Simplifies connection of multiple

Environmental monitoring
sensors

Mobile communication (SIM

based) Remote alert systems



Arduino Applications

https://playground.arduino.cc/Projects/ldeas




Arduino UNO

T The UNO is the best board to get started with electronics and coding.

T ArduinoUno is a microcontroller board based on ATeanega328P.

T It hasl4digital input/output pins (of which can be used as PWM outputs).

T 6 analog inputs.

+ 6 MHZ quartz crystal

+ USB connection.

t Power jack

T ICSP header

T Reset button

T It contains everything needed to support the microcontroller.

T Simply connect it to a computer with a USB cable or power it with 4cGABC
adapter or battery to get started.

T You can tinker with your UNO without worrying too much about doing something
wrong, worst case scenario you can replace the chip for a few dollars and start over
again



ATmega328P

ATmega328P is 8-bit microcontroller from Atmel (now owned by Microchip Technology). It’s one of
the most popular microcontrollers, especially known for powering the Arduino Uno and other
Arduino-compatible boards.

O 28 pins DIP (dual in-line package)
W CPU: 8-bit AVR RISC-based CPU
W Clock Speed: Up to 20 MHz

J Flash Memory: 32 KB (used to store program code)

J SRAM: 2 KB (for variables and temporary data during execution)

J EEPROM: 1 KB (for persistent data storage, even after power-off)

W Operating Voltage: 1.8V - 5.5V

W 1/0 Pins: 23 1/0 pins, with 14 digital and 6 analog input pins (ADC-enabled)

W Communication Interfaces: UART, SPI, and I12C for connecting to sensors and other peripherals.

10



ATmega328P

ATmega328P is 8-bit microcontroller from Atmel (now owned by Microchip Technology). It’s one of
the most popular microcontrollers, especially known for powering the Arduino Uno and other
Arduino-compatible boards.

28 pins DIP (dual in-line package)

d CPU: 8-bit AVR RISC-based CPU

. Clock Speed: Up to 20 MHz

 Flash Memory: 32 KB (used to store program code)

. SRAM: 2 KB (for variables and temporary data during execution)

d EEPROM: 1 KB (for persistent data storage, even after power-off)

 Operating Voltage: 1.8V - 5.5V

 1/0 Pins: 23 /O pins, with 14 digital and 6 analog input pins (ADC-enabled).

11



ATmega328P

O Timers: Three timers (two 8-bit and onc 16-bit) for timing and cvent management.

U PWM: Six PWM channels for tasks like dimming LEDs and controlling motor speeds.

U Communication Interfaces: UART, SPI, and 12C for connecting to sensors and other peripherals.

U ADC: 10-bit ADC with 6 channels for reading analog inputs.

U Power Efficiency: The "P" in ATmega328&P stands for "PicoPower", which means it has ultra-low
power consumption modes, ideal for battery-powered applications.

U RISC Architecture: It uses a Reduced Instruction Set Computing (RISC) architecture, which
means that the instructions are simple and fast.

U Limitations: Limited processing power and memory and hence not suitable for high-performance

applications, low clock speed.

12



USB
(to Computer)

PWR IN

} SCL\ SDA
(12C Bus)
_ £
POWER :'
5V/ 3.3V/ *
GND _ : - L Digitall \O
- i Q.6 PWM(3, 5, 6, 9, 10,
[ S..s 11)
Analog ] : 3-s
INPUTS : iz
_ ¥ RX €D -




Arduino UNO

Digital In/Out

PWM {3 5 6 9 10, 11)

Ground — &

—-Analog In

.1

' )
! '
i ’
' ’
' )
' )
' ) 3
' )
' )
' 3
1 )
' )
»

.

e —

>Ground
i “Lpower Out
{  (3.3Vand5V)
Power In
Prog ram Barrel Jack
USB (Solar goes here)

(Also Power In)
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