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The VEX Brain is undeniably the most complex part of a basic robot design. It is the main component that
allows robots to function properly, by using signals, wires, power source, sensors, and much more to benefit
the robot into its proper use. Since the brain is the center control of the robot, there are many different parts
contained in this device. The six main components are the power source, CPU, Input, Output (Display),

Sensors, and ECU. Each of these parts play an important role in making the robot function properly. And

there are much more pieces to the Brain than the ones listed. A key feature of robots is that they interact with

the world, making changes to the world through their actions and responding to events. Robots perform
useful tasks, extend the capabilities of humans and reduce our risks when operating in hazardous
environments, which is why we decided on taking apart of VEX Brain to learn further more about its

functions.




uter Shell

Front Outer Layer

THE OUTER SHELL OF THE VEX ROBOT BRAIN IS AS SIMPLE AS CAN BE, IT IS
SIMPLY MADE UP OF PLASTIC SHELLS IN THE SAME MATERIAL THAT MOST OF
OUR VEX 1Q PARTS ARE MADE UP OF. WHEN THE INSIDE OF THE BRAIN,
THE INTERNAL FUNCTIONS HAVE BEEN DISSECTED APART, WE ARE ABLE TO
SEE THE BLANKNESS THAT THE BUTTONS, CHIPS, DETECTORS, AND MUCH
MORE LEFT AFTER BEING TAKEN AWAY. OUR TEAM NOTICED THAT ON THE
FRONT OF THE OUTER SIDE OF THE SHELL, THE SIDE SLOT WHERE A BLUE

CHIP GOES INTO FOR CONNECTION IS LEFT EMPTY AS WELL.

Back Outer Layer

THERE ARE SIMPLE SLOTS THAT THE
METAL DETECTERS/SENSORS ON THE
INTERNAL SEGMENT OF THE BRAIN
LEAD OUT FROM.

Front Inner Layer

THE INSIDE HAS A BASIC DESIGN
NEARLY IDENTICALTO THE OUTER
LAYER. IN THIS PIECE, OUR TEAM
NOTICED THAT THE SLOTS OF THE
DEVICE CONTROL SECMENT ON EITHER
TOP AND BOTTOM OF THE SHELL IS
ROUNDS INSTEAD OF SQUARED.

Back Inner Layer

THE BACK INNER LAYER IS JUST AS
SIMILAR TO ALL OTHER LAYERS OF THE
SHELL, BUT INSTEAD, IT CONTAINS THE
CLEAR LAYER OF PLASTIC FOR USERS TO
SEE THROUGH AND BE SHOWN TO THE

DISPLAY SCREEN.




Smart Radio

THE SMART RADIO (1ST GENERATION) EXPANDS THE
POTENTIAL OF THE VEX 1Q RoBOT BRAIN AND CONTROLLER
BY ENABLING  WIRELESS COMMUNICATION  WITH
SMARTPHONES, TABLETS AND COMPUTERS  USING
BLUETOOTH ® 4.0+ CONNECTIONS. WHEN COMBINED WITH
APPS DESIGNED TO UTILIZE THE SMART RADIO, THIS ALLOWS
FOR WIRELESS PROGRAMMING OF ROBOTS, INTERACTION
WITH ROBOTS USING SMARTPHONES OR TABLETS RUNNING
BLUETOOTH ® 4.0 OR HIGHER, AND OTHER ADVANCED

FEATURES.

THE SMART RADIO PIECE CONNECTS THROUGH THE SHELL OF THE OUTER SHELL AND ONTO THE RECEIVER
PIECE ON THE INTERNAL OF THE ROBOT BRAIN. THE RECEIVER IS A BLACK PLASTIC PIECE WITH METAL ON THE
INSIDE. THE TWO PIECES CONNECT SO THAT THE BRAIN IS ABLE TO CONNECT ONTO THE CONTROLLER
WIRELESSLY. IT WILL BE ABLE TO SEND INFORMATION FROM THE CONTROLLER TELLING THE BRAIN TO CONTROL
EACH PART OF THE DEVICES, ACHIEVING ITS DESIRED MOVEMENT OR PROGRAMMING.
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Power Source

The Power Source is a large component of the Brain.
It serves as the much-needed oxygen that is
required to breathe life into any electronic device. In

this case, the power source for the VEX Brain is a
rechargeable battery block. The four main parts of
the Power Source are the Anode, Cathode,
Electrolyte, and the Separator, all of which has to
work together in order to produce power for the six
main components of the VEX Brain

Anode

JUST LIKE THE CATHODE, THE ANODE SUBSTRATE IS ALSO COATED
WITH ACTIVE MATERIAL. THE ANODE’S ACTIVE MATERIAL PERFORMS
THE ROLE OF ENABLING ELECTRIC CURRENT TO FLOW THROUCH THE
EXTERNAL CIRCUIT WHILE ALLOWING REVERSIBLE
ABSORPTION/EMISSION OF LITHIUM IONS RELEASED FROM THE
CATHODE. WHEN THE BATTERY IS BEING CHARGED, LITHIUM IONS
ARE STORED IN THE ANODE AND NOT THE CATHODE. AT THIS POINT,
WHEN THE CONDUCTING WIRE CONNECTS THE CATHODE TO THE
ANODE (DISCHARGE STATE), LITHIUM IONS NATURALLY FLOW BACK TO
THE CATHODE THROUGH THE ELECTROLYTE, AND THE ELECTRONS (E-)
SEPARATED FROM LITHIUM IONS MOVE ALONG THE WIRE GENERATING
ELECTRICITY. FOR ANODE GRAPHITE WHICH HAS A STABLE STRUCTURE
IS USED, AND THE ANODE SUBSTRATE IS COATED WITH ACTIVE
MATERIAL, CONDUCTIVE ADDITIVE AND A BINDER. THANKS TO
GRAPHITE'S OPTIMAL QUALITIES SUCH AS STRUCTURAL STABILITY,
LOW ELECTROCHEMICAL REACTIVITY, CONDITIONS FOR STORING
MUCH LITHIUM |IONS AND PRICE, THE MATERIAL IS CONSIDERED

SUITABLE TO BE USED FOR ANODE.

Cathode

A LITHIUM-ION BATTERY GENERATES ELECTRICITY THROUGH CHEMICAL
REACTIONS OF LITHIUM. THIS IS WHY, OF COURSE, LITHIUM IS INSERTED
INTO THE BATTERY AND THAT SPACE FOR LITHIUM IS CALLED
“CATHODE”. HOWEVER, SINCE LITHIUM IS UNSTABLE IN THE ELEMENT
FORM, THE COMBINATION OF LITHIUM AND OXYGEN, LITHIUM OXIDE IS
USED FOR CATHODE. THE MATERIAL THAT INTERVENES THE ELECTRODE
REACTION OF THE ACTUAL BATTERY JUST LIKE LITHIUM OXIDE IS CALLED
"ACTIVE MATERIAL”. IN OTHER WORDS, IN THE CATHODE OF A LI-ION
BATTERY, LITHIUM OXIDE IS USED AS AN ACTIVE MATERIAL.

BT

A

lactive material + conductive additive + binder)

Electrolyte

WHEN EXPLAINING ABOUT CATHODE AND ANODE, IT WAS MENTIONED
THAT LITHIUM IONS MOVE THROUCH THE ELECTROLYTE AND
ELECTRONS MOVE THROUGH THE WIRE. THIS IS THE KEY IN ENABLING
THE USE OF ELECTRICITY IN A BATTERY. |F IONS FLOW THROUGH THE
ELECTROLYTE, NOT ONLY CAN’'T WE USE ELECTRICITY BUT SAFETY WILL
BE JEOPARDIZED. ELECTROLYTE IS THE COMPONENT WHICH PLAYS THIS
IMPORTANT ROLE. IT SERVES AS THE MEDIUM THAT ENABLES THE
MOVEMENT OF ONLY LITHIUM IONS BETWEEN THE CATHODE AND
ANODE.

When voltage is applied

movement through the pull of static electricity

=) *+)

Separator

WHILE THE CATHODE AND ANODE DETERMINE THE BASIC
PERFORMANCE OF A BATTERY, ELECTROLYTE AND SEPARATOR
DETERMINE THE SAFETY OF A BATTERY. THE SEPARATOR
FUNCTIONS AS A PHYSICAL BARRIER KEEPING CATHODE AND ANODE
APART. |T PREVENTS THE DIRECT FLOW OF ELECTRONS AND
CAREFULLY LETS ONLY THE IONS PASS THROUCH THE INTERNAL
MICROSCOPIC HOLE. THEREFORE, IT MUST SATISFY ALL THE
PHYSICAL AND ELECTROCHEMICAL CONDITIONS. COMMERCIALIZED
SEPARATORS WE HAVE TODAY ARE SYNTHETIC RESIN SUCH AS

POLYETHYLENE (PE) AND POLYPROPYLENE (PP).
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Outer View Inner View Closer View

ONE OF THEM APPEARS AT THE SURFACE OF THE POSITIVE PLATE, WHILE THE OTHER IS AT THE SURFACE OF THE
NEGATIVE. THE “TERMINALS” OF EACH HALF-CELL ARE A METAL WIRE ON ONE SIDE, AND AN ELECTROLYTE-
FILLED VOLUME ON THE OTHER (PERHAPS USE A HOSE AS A TERMINAL CONNECTING TO THE LIQUID, INSTEAD OF

ower (Batte ry) 'n Put A WIRE.) FOR EXAMPLE WE CAN HAVE A HALF-CELL WITH LEAD AND ACID, OR A ZINC HALF-CELL WITH ZINC

CHLORIDE SOLUTION, LITHIUM HALF-CELL, CARBON, ETC. EACH CREATES ITS OWN SPECIAL VOLTAGE, AND IT’S
POSSIBLE TO MIX AND MATCH THE HALF-CELLS. NORMALLY THE TWO HALF-CELLS ARE CONNECTED TOGETHER

IN SERIES, WITH THEIR WATER-CONDUCTORS TOUCHING.




CPU

A central processing unit (CPU), also called a central processor,
main processor or just processor, is the electronic circuitry that
executes instructions comprising a computer program.

The CPU performs basic arithmetic, logic, controlling, and
input/output operations specified by the instructions in the
program. This contrasts with external components such as
main memory and [/O circuitry, and specialized processors
such as graphics processing units.

Most modern CPUs are implemented on integrated circuit
microprocessors, with one or more CPUs on a single IC chip.
Microprocessor chips with multiple CPUs are multi-core
pProcessors.

The individual physical CPUs, processor cores, can also be
multithreaded to create additional virtual or logical CPUs. An IC
that contains a CPU may also contain memory, peripheral
interfaces, and other components of a computer; such
integrated devices are wvariously called microcontrollers or
systems on a chip (SoC).

Array processors or vector processors have multiple
processors that operate in parallel, with no unit considered
central. Virtual CPUs are an abstraction of dynamical
aggregated computational resources.
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CPU in the VEX Brain

THE CPU IN THE VEX BRAIN IS A FLAT PIECE OF TECHNOLOGY THAT
LOOKS TO HAVE ALL SORTS OF TINY "SPIKES" STICKING OUT FROM EACH
SIDE OF THE CHIP. THESE MARKS THAT STICKS OUT FROM THE DESIGN IS
USED TO PINS ARE THE WIRES POKING OUT OF THE SURFACE OF THE CPU
CHIP. THEY FIT INTO A SOCKET ON THE MOTHERBOARD OR BACKPLANE
THAT THE CPU IS ATTACHED TO. THEY FORM THE ELECTRICAL
CONNECTION BETWEEN THE CPU AND THE OUTSIDE WORLD. THE
NUMBER OF PINS DOES NOT MEAN ANYTHING IN PARTICULAR. HOWEVER
YOU SHOULD KEEP IN MIND THAT THOSE PINS ARE THE ONLY WAY FOR
SIGNALS (CONTROL AND DATA) TO GET INTO OR OUT OF THE CPU. IN
GENERAL, ONE “BIT” OF INFORMATION CAN FLOW IN OR OUT ACROSS ONE
PIN ON EACH CLOCK CYCLE. SO FOR A PARTICULAR PIN, THE MAXIMUM
POSSIBLE DATA RATE (IN OR OUT) EXPRESSED IN BITS PER SECOND IS THE
SAME AS THE NUMBER OF CYCLES PER SECOND THAT THE CPU cLocK
RUNS AT. (*) OBVIOUSLY USING A SINGLE PIN WOULD BE INEFFICIENT AS

THE ONLY PATH IN OR OUT.

Microprocessors

MICROPROCESSORS, ON THE OTHER HAND, ARE CPUS MANUFACTURED
ON A VERY SMALL NUMBER OF ICS; USUALLY JUST ONE.[51] THE OVERALL
SMALLER CPU sIZE, AS A RESULT OF BEING IMPLEMENTED ON A SINGLE
DIE, MEANS FASTER SWITCHING TIME BECAUSE OF PHYSICAL FACTORS
LIKE DECREASED GATE PARASITIC CAPACITANCE.[52][53] THIS HAS
ALLOWED SYNCHRONOUS MICROPROCESSORS TO HAVE CLOCK RATES
RANGING FROM TENS OF MEGAHERTZ TO SEVERAL GIGAHERTZ.
ADDITIONALLY, THE ABILITY TO CONSTRUCT EXCEEDINGLY SMALL
TRANSISTORS ON AN IC HAS INCREASED THE COMPLEXITY AND NUMBER
OF TRANSISTORS IN A SINGLE CPU MANY FOLD. IN OTHER WORDS, A
MICROPROCESSOR, SOMETIMES CALLED A LOGIC CHIP, IS ACOMPUTER
PROCESSOR ON A MICROCHIP. THE MICROPROCESSOR CONTAINS ALL, OR
MOST OF, THE CENTRAL PROCESSING UNIT (CPU) FUNCTIONS AND IS THE
"ENGINE" THAT GOES INTO MOTION WHEN YOU TURN YOUR COMPUTER
ON. A MICROPROCESSOR ACCEPTS BINARY DATA AS INPUT, PROCESSES
THAT DATA, AND THEN PROVIDES OUTPUT BASED ON THE INSTRUCTIONS
STORED IN THE MEMORY. THE DATA IS PROCESSED USING THE
MICROPROCESSOR'S ALU (ARITHMETICAL AND LOGICAL UNIT), CONTROL

UNIT, AND A REGISTER ARRAY.




Control System

EVERY PIECE OF ENERGY-CONSUMING EQUIPMENT HAS SOME FORM OF CONTROL
SYSTEM ASSOCIATED WITH IT. THE CONTROLS CAN BE AS SIMPLE AS A SNAP SWITCH
OR AS COMPLICATED AS A DEDICATED MICROCOMPUTER CHIP SYSTEM. LARGER
PIECES OF EQUIPMENT, ALONG WITH BUILDINGS AND INDUSTRIAL PROCESSES,
TYPICALLY USE COMPLEX COMPUTER-BASED CONTROL SYSTEMS TO OPTIMALLY
CONTROL AND OPERATE THEM. THIS ARTICLE PROVIDES INFORMATION ABOUT
ELECTRONIC CONTROL SYSTEMS PRIMARILY USED TO CONTROL HVAC EQUIPMENT.
THE SENSORS USED IN ELECTRONIC CONTROL SYSTEMS ARE SIMPLE, LOW-MASS
DEVICES THAT PROVIDE STABLE, WIDE-RANGE, LINEAR AND FAST RESPONSE. AN
ELECTRONIC CONTROL SYSTEM INCLUDES SENSORS, CONTROLLERS, OUTPUT DEVICES
SUCH AS ACTUATORS AND RELAYS; FINAL CONTROL ELEMENTS SUCH AS VALVES AND
DAMPERS; AND INDICATING, INTERFACING, AND ACCESSORY DEVICES. IN THE BRAIN,
THE CPU SENDS OUT THE NUMBER LISTED ON EACH OF THE CONNECTED DEVICES.
WHEN A CERTAIN NUMBER IS "CALLED, THE DEVICES GOES IN ORDER TO
INDIVIDUALLY PROCESS AND CHECK IF THE CPU IS CALLING FOR THEIR DEVICE. IF
NOT, THE DEVICE MOVES ON WITH NO CHANGE, THIS PROCESS IS REPEATED UNTIL

THE DEVICE BEING CALLED COMES TO SPOT.

¥

AFTER REMOVING THE SHELL OF THE VEX BRAIN, IT EASILY REVEALS THE 12 TOTAL SEGMENTS OF THE BRAIN THAT ARE USED

FOR CONNECTED CONNECTION WIRES ONTO THE DIFFERENT DEVICES, WHETHER ITS MOTORS, SENSORS, TOUCH LEDS, AND
MUCH MORE. ON THE BOTTOM SIDE OF EACH SLOT, OUR TEAM NOTICED LITTLE POINTY ENDS STICKING OUT FROM UNDER,
THESE POINTS ARE USED TO CONNECT THE WIRES INSERTED INTO THE CPU AND TRANSMIT INFORMATION ABOUT THE
CONNECT DEVICE AND ITS WANTING.



Input

THE INPUTS OF THE BRAIN INTERNAL ARE MAINLY THE BUTTONS NEXT
TO THE SCREENS. THE FOUR BUTTONS WHEN PRESSED SENDS SIGNALS
TO THE CONTROL CENTER AND IT THEN TELLS THE SCREEN TO DISPLAY
WHAT HAS BEEN COMMANDED.

IN FIGURE 1, THE PICTURE SHOWS A GENERAL LOOK ON THE BUTTON
SLOTS AFTER THE OUTER SHELL AND THE INDIVIDUAL BUTTONS HAVE
BEEN TAKEN OUT.

IN FIGURE 2, THE SCREEN HAS BEEN TAKEN APART AND THE UNDER
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LAYER OF THE BUTTONS (WHERE THE BOTTOM OF EACH BUTTONS
TOUCH), SHOWS.
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IN FIGURE 3, THE PICTURE HAS ZOOMED IN ONCE MORE AND A CLEARER
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VERSION OF THE ELASTIC TEXTURED PROTECTION IS UNDER PLAIN
SIGHT. THAT LAYER OF MATERIAL IS ONE OF THE MOST IMPORTANT

Ll

PART OF THE INPUT COMPONENT. (WILL BE LATER DISCUSSED)

IN THE LAST FICURE, THE ELASTIC OUTSIDE HAS BEEN REMOVED,
REVEALING TWO SEPARATE LINES OF CONTACTS.




Buttons

THE TWO ROUND E SHAPES THAT FACES EACH OTHER TO CREATE A ROUND
CIRCLE FORMAT IS THE MOST IMPORTANT PART OF THE FUNCTION OF THE
BUTTONS. THE REASON BEHIND THIS IS BECAUSE WHEN THE BUTTON IS
PRESSED DOWN, IT CAUSES THE ELASTIC PIECE IN FIGURE 2 TO PRESS DOWN
AS WELL. THE BLACK THIN PIECE IS THE ELASTIC DENT PIECE ALSO PLAYS A BIG
PART IN THE FUNCTION OF THE BUTTONS. THE BLACK PIECE CONDUCTS
ELECTRICITY AND CONNECTS THE TWO LINES OF CONTACT TO LINE
TOGETHER. THIS WAY, THE TWO PARTS CONTACT INTO ONE AND THEREFORE
THE INFORMATION IS ABLE TO PASS THROUGH IN BETWEEN THE CIRCLE OF
SPACE WHERE THE TWO SIDES CONNECTED. AFTER THIS PROCESS IS
COMPLETED, THE INFORMATION/SIGNAL SENT WILL THEN BE TRANSMITTED
INTO THE CPU AND COMMANDING THE OUTPUT/DISPLAY TO FUNCTION THE

WAY IT SHOULD.




Output/Display

The Display

THE DISPLAY COMPONENT IS ALSO ONE OF THE MAJOR
PARTS OF THE ROBOT BRAIN. ITISTHE ONE SINGULAR
OUTPUT THAT THIS SYSTEM PROVIDES. THE WAY THIS
SYSTEM WORKS TO SHOW IMAGES ON THE SCREEN IS

THAT IT IS MADE UP OF MANY DIFFERENT SMALL PIXELS.

WHEN THE CPU ALERTS THE OUTPUT TO DISPLAY A
CERTAIN DESIGN, THEINFORMATION IS INSERTED AND
TURNED IN DIFFERENT COMBINATIONS OFTANDOTO

Figure 1 - Shows how the information FORM THE CORRECT CODE FOR EACH SPOT TO LIGHT UP,

is transmitted into the display screen CREATING THE DESIRED DESIGN.
Figure 2 - Shows a image of the
Display Screen




Une-bit black and white display
c:.:.m’;:iﬁﬁ]f s'?rr';fﬁ"" /. This picture shows the pixels
A that make up parts of screens,
each individual pixel, based on
Its row and column, has a
different label (In numbers 1 &
O) to it. When an image is
commanded to be formed,
there will be a certain list of
different numbers being called
to represent each pixel lighting
up. Therefore, creating a

certain desired image.
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Conclusion

The picture abovegives a general
undertanding and image of the
robot brains outer shell and internal

design.




