The Solarbotics SUMOVORE

Microchip PICI6GF877A Brainboard Add-on

This brainboard uses the popular and powerful
Microchip PIC16F877A microcontroller (included!) to
take over the functions of the Discrete Brain that
comes with your Sumovore.

The PIC16F877A is part of a very popular family of
microcontrollers, and is programmable in an ever-
growing list of languages (some freel!).

It’s fast, inexpensive, and very powerful. An ideal
mate to the Sumovore!

(Sumovore Sumo robot kit and DB25 printer cable/connector req'd)

Produced by

=S |G R B ES)

Document Release: June 28, 2004




We strongly suggest you inventory the parts in your kit to make
sure you have all the parts listed. Use a pen, pencil, pricked finger,
chocolate bar - anything to mark off the items. If anything is
missing, contact us for replacement parts information.

Disclaimer of Liability

Solarbotics Ltd. is not responsible for any special, incidental, or
consequential damages resulting from any breach of warranty, or
under any legal theory, including lost profits, downtime, good-will,
damage to or replacement of equipment or property, and any costs
or recovering of any material or goods associated with the assembly
or use of this product. Solarbotics Ltd. reserves the right to make
substitutions and changes to this product without prior notice.
(Sorry, gotta make the lawyer happy)

Parts List
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16F877A Brainboard Components

| - Printed Circuit Board (PCB)

5 - Tiny LEDs

1 -2N2222 NPN Transistor

1 - 0.1uF capacitor (labeled “104")

2 - Diodes

1 - 20MHz Resonator

6 - 1k Resistors (Black/Brown/Red)

6 - 10k Resistors (Black/Brown/Orange)

1 - PIC16F877a 40 pin wide carrier

1 - RJ1 1-6 Telephone-style programming connector

1 - Microchip PIC16F877A Microcontroller

1 - SPST Push Button Reset Switch

1 - 5-Socket programming header

1 - 5-Pin Header (for building optional programming cable)
2 - 4-Pin Sumovore interface long headers

2 - 8-Pin Sumovore interface long headers

3 - 3-Pin Headers (for optional servo headers)

1 -QRD1114 edge sensor (for Sumovore’s middle sensor)

Tools Required

Soldering equipment

Side-cutters or fine snips
Computer for further programming
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Introduction

Looking for a more flexibility out of your Sumovore? Well, welcome to the
PIC brainboard - the 16F877A. The ‘877 offers an impressive list of
features, including (but not [imited to]:
e 20MHz /4 MIPS processing speed
e 33 programmable Input/Output (I/O) lines (that’s lots!)
Eight 10-bit analog-to-digital converters (ADCs)
Two Pulse-width modulation (PWM) channels
Only 35 instructions (good for you assembler masochists)
Two analog comparators

In-circuit programmable (which we make use of)
8kB flash memory, 368 bytes RAM, and 256 bytes EEPROM

We’ve barely made a dent in what the ‘877 is capable of, and there’s lots
more you can do with it. Being a PIC microcontroller which have been
around for quite a while, there is a considerable amount of information and
software for it on the Internet.

This is not a kit for a microcontroller beginner. Anybody using this
brainboard should have the appropriate skills, or be ready to learn the
technigues that make a microcontroller... microcontrol!

This kit lets you swap out the default discrete brainboard for a
programmable version. If you run into any problems, it’s a simple process
to swap a different brain back in. Didn’t you ever have days where that’d be
a handy feature for you to have (umm...for the robot, we mean).

This kit features:
o Microchip PIC 16F877A microcontroller
e 5 indicator LEDs
e RJ11-6 (telephone jack) and 5-pin programming headers
e Three servo (or similar peripheral) headers
e Extra breadboarding space and hard-point mounts
o Microprocessor Reset Switch

We designed the breadboarding space to accommodate extra ICs and
support electronics, or simply as a place to mount a servo with double-
sided sticky tapel It’s a flexible area - use it for whatever strikes your fancy.
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Building It - Steps 1, 2, 3

Step 1 - ‘877 Carrier: Everybody wants to start with the most important-
looking parts. Well, tough - you can’t. You keep your paws off that pretty PIC
until the end, as the whole point of the carrier is to protect the chip from seeing
any potential ESD (static electricity) which could damage it. So, the next best
thing to attack is installing the carrier itself.

Note that there is a Note Notch
notch on one end. Step 1: Position
Although not critical, Install Chip
it’s nice to keep the Carrisr
notch aligned with the
notch drawn on the
printed circuit board
(PCB) so you're sure £ —
to install the . F=
microcontroller 19
properly when the
time comes.

Step 2 - 10k Resistors (Brown / Black / Orange): Pretty easy stuff here. Use
your considerable soldering experience (you built the Sumovore yourself,
right?), and install these resistors into positions ‘R1’, ‘R2’°, ‘R3’, ‘R4’, 'R5’,
and... ‘R127?1? (Gotta have a talk with the guy who designed this PCB. R12 -
sheesh! Yes, install one into ‘R12” as well.

Step 3 - 1k Resistors (Brown
/ Black / Red): Just like the
10k, but in the group at the
bottom in positions ‘Ré’, ‘R7’,
‘R8’, ‘R?’, ‘R10Q’, and ‘RI11".

Step 2:
10k resistors

Step3_: i . */

1k resistors

(x B)
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Building It - Steps 4,5 & 6

Step 4, 5 & 6 - Tiny LEDs, Capacitor, and Resonator: Although not critical
to the performance of your Sumovore PICBrain, blinky lights are always helpful.
Trust us. Install them into locations ‘L1, ‘L2’, ‘L3’, ‘L4’, and ‘L5’. Note that the
LED has a white stripe that indicates the lead to be inserted into the square pad,
okl?

The O.1uF “decoupling” capacitor is installed into position ‘C17, in any
orientation you prefer. Good for keeping the microcontroller power clean!

The Z20MHz resonator is installed into position ‘Xtal” (which is short-hand for
crystal, which a resonator contains). This device isn’t polarity-sensitive either.

.

Step 6:
Resonator
Step 5:
0.1pF Capacitor
B
T o .
G [He—
B B
frlr
Step 4 /
Tiny LEDs o & o
(x 5) & -~ / /

""—Nute stripe on

bottom. Goes to square pad!
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Building It - Steps 4,5 & 6

Step 7, 8 & 9 - Transistor, 3-Pin Headers, and Diodes: The transistor installs
into position ‘Q1’, with the curved surface facing to the right. You can just see a
small part of the curve on the PCB surface to help you identify the correct
orientation. This transistor powers the three auxiliary ports (usually used for
servos), and isolates them from the batteries when the main power switch is
turned off.

The three 3-pin headers are installed at the positions indicated (which should be
labeled left-to-right “S1°, “S2°, and ‘S3’. Sorryl)

The diodes are installed at positions ‘D1” and ‘D2’. Watch that the band
orientation matches what’s printed on the PCB!

Note: The three 3-pin headers are driven through the ‘Q1’ transistor from the
unregulated &V provided by the quad-AA pack on the Sumovore body. We
designed it this way to offer more power to any larger accessory loads like
servos that can run at higher voltages than the regulated 5V.

Step 9:
Diodes (x 2)

Step 7:
3-pin Headers (x 3)

‘ 8 2
%

w7

Step8:
2N2222 transistor
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Building It - Steps 10, 11, 12, & 13

Step 10, 11, & 12 - 5-Pin Header, R]-11, and Reset Switch: The 5-pin
header is most likely going to be your primary method of programming your
‘877. Install it at location ‘P5’. The R]J11 socket is another popular way of
connecting the ‘877 to a programmer; and it’s installed at location ‘R]11-4".

Note: You don’t have to install both if you know how you’ll be interfacing the
microcontroller. We supply you two methods for maximum flexibility.

Step 11: .

RJ11 The single-pole,
single-throw
(SPST)
microcontroller
reset switch is
installed at

= location
Step 12: ‘SWT1",
Reset Switch Nothing to

mysterious here!

Step 13 & 14 - 4-Pin and 8-Pin Connector Strips: Let’s start by making this
very clear: These parts are installed on the underside of the pcb. Not this
side. Ok? Alright? Kapeesh? Ok - carry on.

See the next page for details on how to get these lined up juuuust right!

Install all pin headers on
UNDERSIDE of Brainboard!

Step 14:
4-Pin Connectors

|\
L
7

Step 13:
8-Pin Connectors
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Building It - Step 13 cont'd, 14, 15 & 16

—

Step 13 & 14 - Pin Installation, continued: Remember; install these pins on the
underside of the PCB, soldering only one pin per strip initially. This lets you
eyeball and adjust them so they’re straight up-and-down, which is important so
they can mate with the sockets on the Sumovore.

Pin strip installed crooked -
good thing you soldered only one
pin, so you can remelt the
connection and make it stand
straight up!

Remelt solder on top pin,
and re-adjust pins so they
sit properly, then solder
the rest of the pins

Finished pin installation, all
nice and neat!

Step 15 & 16 - 16F877A Chip Preparation and Installation: Ever notice how
most IC chips have their legs splayed out a bit? This is for machine-installation,
where the grab the chip by the sides of the legs, squeeze them in a bit, put them
into the holes, and release. When the legs relax back out, the hold the chip in
place. Unfortunately for us humans, this is not as easy so you’ll have to manually
bend the legs in enough so you can easily insert the ‘877 into the socket.

We really, really recommend you do this on a metal surface, while some part of
your skin is touching a ground connection. Like near the kitchen sink, while you’'re
resting a bare elbow on the sink edge. This grounds you, draining off any potential
static electricity. Even better if you perform the bend on some aluminum foil also
touching the metal sink edge.

With a firm grip on the chip, lay one side on the surface, and bend the chip over
until the legs are sitting at a 20 degree angle to the chip. Repeat for the other side.

i -

| —
Starts like
this...

(do for each side) _ends like
this!
Step 15: Bending the Leads inward

Step 16: Install PIC.
Note notch location!



TT  The PIC16F877A Brainboard .~

Step 18, Edgeboard upgrade

"

Step 18 - Installing the Sth line sensor: Yank the edge-sensor board out of
your Sumovore, and install the included line sensor in position ‘Edge3’, just like
you did when you originally built your Sumovore. You don’t have to do this, but
if you want to make the best use out of your Brainboard, it'd be a good idea!

Step 18: Add the 5th
line sensor, following
the directions from your
original Sumovore
documentation

Other Brainboard Points-of-Interest: “Leftovers, get yer leftovers!”

The ‘877 comes with 8 ADC (analog/digital converters) in the chip’s port ‘E’, of
which we’re using five for the edge sensors. The leftover three are grouped near
the middle of the chip, labled as ‘EQ’, ‘E1”’, and ‘E2’.

Practically all of port ‘B’ has been left untouched, with the exception of the
necessary links to ‘B3’, ‘B&” and ‘B7’ which are used by the programming cable.
If you use these three pins, make sure they’re for high-impedance usage only.
Avoid using them if you can.

If you need raw 6V from the

quad AA pack, “TP1’ is your

pal. Useful for driving servos,

or other high-load circuitry. Extra 3
The three servo headers are ;\325
driven via this raw 6V through

the ‘Q1’ transistor.

There is also a spare /O pin

available from the PCB Port ‘B’
underside below the ‘877 - access
port ‘RA4’. Look, you'll see

it...
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The Programmer

There are a wide variety of ways to program a PIC microcontroller, from
expensive powerful commercial units, to bare-bones next-to-no-parts-needed
circuits. What we’ve got for you here is a bit better than the bare-bones
approach, and will work on pretty much all computers. It’s derived from a
programmer designed by David Tait, and will accommodate serial ports that don’t
quite have enough voltage (like most laptops) to properly program the PIC.

We're showing you both versions of the circuit, so you can try the original or
our modified version of the programmer. Of course, if you already own a
commercial microcontroller programmer (like a PICStart Plus, ISP-Pro or
Warp13a), you're good to go!

The R]11-6 jack on this brainboard is configured to work with the ISP-Pro

programmer; which is one of the PIC programmers we use in-house at
Solarbotics.

Original COM84 By David Tait

7805
Serial port
—'_Ii_l 5] i
TxD(3) I} Vdd
GND(5) 7R PR Vs
RTS(7) A — RB6
DTR(4) A RE7
CTS(8) | AR MCLR
Modified COM84
*If your serial port can supply 13V then the you
can bypass the transistor voltage buffer, and
connect the 1k resistor directly to MCLR
13V supply
i Serial port o (on board)  PIC
i TxDE) @——Vdd
{ GND(5) =y, V!
H ( ) - 1 i s
! RTS(7) ANA- y RB6
i DTR(4) ]‘.. RB7
i CTS@®) _—l - MCLR
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Default Program Listing ("sumoline.jal”)

This is the default code that your PIC
16F877A ships with. If you mess
something up, you can either re-
download it from our website, or type it
in from what you see here (ug!).

There are a great many languages to pick
from to program in, some of which we’ve
linked to on our website. Some are free,

some not - it depends on what suits you

best.

We’ve decided to code our default
program in JAL ("Just Another
Language”), which is a free GPL
programming environment developed by
Wouter van Ooijen. It’s more like
PASCAL than C, but it’s still pretty easy
to work with. Check out the resources
page for this brainboard on the
Solarbotics website for full
documentation.

There are three major sections to the
code, being the startup routine, the
Sumo routine, and the Line-follower
routine. If you start your Sumovore on a
black surface (like a sumo ring), the
startup routine reads the low inputs from
the edge sensors and determines that it
should start the sumo routine. When on
a white surface (like line-follower usually
is, with a black electrical tape [ine), then
the startup routine kicks the Sumovore
into running the line-follower routine.

Both of these programs are pretty
decent, but there is much more room for
creative optimizing. Feel free to modify
and hack this code - we’ presenting it to
you as a good starting point.

namz : Sumoline.jd
- auther : GrantM,
date : 12-Jan-2004

- purpese : Minisurna Linafollower code for the PIC 16FE77 Solerbotics

Sumavore.

- target configuration: 161877 with 20 Mz Xtal

indude 16f877_20

standerd lbrary
incdude jib

configure pins

pn_c1_directon = output -

pin_c2_direction = output.
pin_c3_direction = output.

pn_cd_direction = output -

pin_d0_direction = output.

pn_d1_drection = output —

pin_d2_drection = output.

pn_d3_drection = output —

pin_od_drection = output.

Erabie Right. rmotor
Enable Left.

Right Motor Direction
Lef. Matar Draction

LED'1
LED 2
LED'3
LED 4
LED'S

pin_d5_drection = input - Laft IR
pin_g5_drection = input - Right IR

pin_c3 = low -~ Fight. mator forward
pn_cd = low -- Lelt motor farwerd
pn_c1 = low -- Engile Right motor
pin_c2 = low -~ Engle Left mator

pin_g0_direction = input

- pn_a1_dinecton = npu —

pin_g2_direction = input
pin_g3_direction = input

- pn_ad_directon = npu —

- Venatles

Edge Sarsar
Edlpa Sarsar
Edge Sarsar
Edge Sarsar
Edlpa Sarsar

ver byte andog, channel, |eft, mieft, midde, mright, right, sumo

"Sub-routine” to read an enslog input
furction acguire [byte n channg] retum byte &
Bank_1 - Berk swiching

877 _adom = (W -

- LEFT pstity, S analog inputs

Bank_0 - Berk swikching
1877 _adeonll = channd — Chamnel salect

delay 1uSl 20 ) - Delay to sllow chennd switch
edconll_go = high - Start Comversion

whie adconl]_go leop end loop -- wast. for AT completon
endog = fB77_gdresh - Store the resulting numbar

return enalong

edconl]_go = low - Stop the ADC

end function

Satup PUM

f877_copell = 75 - Bet PAWM max 255 Rght motor
— 1877 _coprdl = 100 - Sat PWM max 253 Left moter

- sat, PWM mada on COP1

f877_coplcon = f877_ccpicon | Ob_DODO_1100

- sat, PWM mexde en CCP2

1877 _copSeon = f877 _ccp2ean | Ob_00DO_1100
- gat, PWM frequency ta ~1kHz

877 _pr2 = OFF
enghie tmr1

fd77_t1con = f877_t1con | Ob_O00_ODO4

— engbile bmr2

{877 _t2con = f877_t2con | Ob_O000_0100
- lpad trar2 presealer if & lower reguency 15 naedad
T20ON = [T200N B0b_1111_1000) | O

------------------------------ Loak & e SENSOrG ———— - e e m
ecquire (0w 1) -- Read channel O (1000 0001)

left, = andog - Sore result n Telt”

ecquire (OwA1) -- Read channel 4 (1010 D001

rght. = ralog — Store resull n "nght”

ifright > 128 then -- Switch betwean Minisuma/Linefollower

sumg = 1
elsa
sumg = 0
end if
if sLrng 1then
Suma 5 Second Startup
pin_dd = low
pin_d1 = low

pin_t2 = low
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Default Program Listing ("sumoline.c”) cont'd

pin_d3 = low
pin_dd = low
pn_dd = high
deley_1s

pin_d1 = high
dely 135

pin_d2 = high
dely 135

pin_d3 = high
tely s

pn_dd = high
deley_1s

pin_d0 = low
pn_d1 = low
pn_ 62 = low
pn_d3 = low
pin_od = low

- End of Sartup -

- Bagrning of Mrusuma loop
farever loop

acqure [[E1) - Aead charnd 0 (1000 0001)

Ieft = andog

acqure (A1) -- Read channel 4 (1010 0001]

right. = enalng

pn_t3 = hugh — Right. metor frwerd
pin_c4d = high - Left motor forward
pn_c1 = high — Enable Fight, motar
pin_c2 = high - Engble Left motor

if left < 128 than

pn_cd = low - Right motor reverse
pn_c3 = hugh — Left motor forward
pin_c2 = high - Engble Fight. matar
pn_c1 = low — Diable Left motor
pin_d0 = high - Left LED [1)
deley_500ms - Reverse Time left
deley_200ms

endif

iFnght, =< 128 then

pin_c4 = high - Right motor forwerd
pn_t3 = low -- Lell, metor reverse
pin_c2 = low -- Disable Fight. motor
pin_c1 = high - Engble Left motor
pin_g4 = high — Fight, LED (S
delay_500ms - Aeverse Time nght
deley _200ms

end if

if pn_d3 then

pin_c3 = high - Right motor forwerd
pin_cd = high — Left motor forward
pin_c1 = low -- Enable Fight motor
pn_t2 = hugh — Enable Lett motor
endif

if! pn_d then

pin_c3 = high - Right motor forwerd
pin_cd = high — Left motor forward
pin_c1 = high - Engble Fight. matar
pn_c2 = low -- Engble Left, motor
end if

pin_d0 = low
pin_dd = low

endloap - Tha End.

endif
End of Suma codz
Linzfoilower

If surng Othen

farever loop

ecquire (0w 1) -- Read channel O (1000 0001)

|eft, = ardog

ecquire (OwG8) -- ead channe 1 (1000 1001)

mlgft = anaslog

acqure [(xE1) - Aead channd 2 (1001 0001)

midde = analog

ocqure (3] — Aead channg 3 (1001 1001)

mright = analag

amure [(A1] -- Aead channel 4 (1010 D001]

right. = enalng

if left < 128 then -- Sea whita
pn_c3 = high — Right. metor frwerd
pin_c4 = high -- Left motor forward
pin_c1 = high - Engble Fight. matar
pn_t2 = high — Enable Lett motor
pin_dd = high - Left LED [1)

endif

iflett = 128 then — Sea black

pn_c3 = high — Right. metor frwerd
pin_c4 = low -- Laft motor backwerds
pn_c1 = high — Enable Fight, motar
pin_c2 = high - Engble Left motor
pin_d0 = law -- Laft LED (1]

delay ms (75]

endif

ifmiaft < 128 then — See whita
pin_c3 = high - Right motor forwerd
pn_cd = high — Left motor forward
pin_c1 = high - Engble Fight matar
pin_c2 = high - Engble Left motor
pn_d1 = high - MLett LED [2)

end if

if miaft. = 123 then - See black
pn_t3 = high — Right. metor frward
pn_cd = low -- Lelt motor farwerd
pin_c1 = high - Disable Right mator
pn_t2 = high — Enable Lett motor
pin_d1 = low - MLaft LED (2

dely 0ms

end if

it midde < 128 then — Sas Whita
pin_c3 = high - Right motor forwerd
pn_cd = high — Left motor forward
pin_c1 = high - Engble Fight. matar
pin_c2 = high - Engble Left motor
pn_d2 = high - Center LED [3)
endif

if midde > 128 then — See black
pin_c3 = high - Right motor forwerd
pn_cd = high — Left motor forward
pn_c1 = high — Enable Fight. motor
pin_c2 = high - Engble Left motor
pn_d2 = low - Center LED (3]

end if

if mright < 128 then -- Saa white
pn_c3 = high - Rght motor farward
pn_cd = high — Left motor forward
pin_c1 = high - Engble Fight. matar
pn_t2 = high — Enable Let motor
pin_d3 = high -- MFight. LED [4)

endif

if mright. > 128 then -- Saa black
pn_c3 = high — Right. metor frwerd
pin_cd = high - Left motor forwand
pn_c1 = low -- Engbile Right motor
pin_c2 = high - Engble Left motor
pn_o3 = low - MAight. LED (4)
dely_10ms

endif

ifnght, =< 128 then — See white
pin_c3 = high - Right motor forwerd
pn_cd = high = Left. motor forward
pn_c1 = high — Enable Fight, motar
pin_c2 = high - Engble Left motor
pn_gd = high - Fight, LED [S)

end if

ifright = 120 then - Sae black
pin_c3 = low -~ Fight. mator backward
pn_cd = high — Left motor forward
pin_c1 = high - Engble Right mator
pn_t2 = high — Enable Lett motor
pin_odd = low -- Right LED (3]
deley_ms (73]

endif

end loap — End of Uinefollower [oop
end if



TT  The PIC16F877A Brainboard .~

Brainboard Schematics

For those of you wanting to do more

PIC 16F877a Microcontroller

customizing to your PIC 16F877a Brainboard, Pin Usage
here are the microcontroller pin assignments TCLR = 1 N.C.(RB7)
R Edge Left (RAD)=- N.C. (RBE)
and the PCB schematic. Edge Center Left (RA1)=f 2 N.C. (RB5)
Edge Center (RA2)wf 4 N.C. (RB4)
Edge Center Right (RA3)= 5 N.C.{RB3)
With all the extra I/O available to you with this N.C. (RA4)={ 6 N.C.(RB2)
. Edge Right (RAS)=f 7 N.C.{RBE1)
microcontroller; you should have no problem n.c. (REQ) 8 N.C.(RBO)
. . . . . . N.C.(RE1)=d 9 VDD
in adding in a multitude of modifications to wo mezd ves
make your PIC-powered Sumovore even more VoD 11 N.C.(RD7)
ol VSSe12 IR Right (RDS)
COmpEtlth&. osCi=13 IR Left (RDS)
0SC2ef14 LEDS (RD4)
N.C.(RCO)=15 N.C. (RCT)
Enable Left M (RC1p=d 16 N.C. (RCE)
Enable Right M (RC2)m={17 N.C. (RC5)
Direction Left M (RC3)={18 Direction Right M (RC4)
LED1 (RDO)=ef 19 >|= LED4 (RD3)
@ LEDZ (RD 1) 20 LED3 (RD2)
Brainboard Schematic 110k
(drawn with approximate B2k
component placement) R3-10k
Ri10k Ak
5.Bin Esvmk RJ1
Connector ¥ c_ofl'iﬂi
=iy .
2:: | | o1 D2 Reﬂi‘l_-__l = |y I
| . — _|
MCLR | =—t+— L=
GND | =+ 1 s :_i_ TR :'? = Ts':
A M M h B '_Flllﬁs
t IF’l
Spare ADC i Isl
Pins ! |
Plug 1 xtal E2 E1 E0 A A L ",
(it 195 X A ElQ‘I l I I ) Sy
I T - = — —
Tt b FS A
|, LALAAAL 1 I 1 ﬂﬂ .I_IJ
| RA4 m—ISpare Digtal
sl PIC16F877A |_||—| — " 4 ok
4 : A r '- J 1':'_ Plug 4
Is 18 1 Bl kel
I o7 B0 B1 B B3 B4 BS B6 BTY |
Iz_.r@ Mt w72
I B ! P
..:1 Avh | i O, aad
11 ww ikl il
rr [ BT iy T “Q; T {;I; J‘r =
| e |
R10-1k bt - .
—"""'—l @ 171 T 1
——1 1 1 o
= |

Servo / Aux Headers

If you have any questions or comments regarding this kit, please contact us!

Solarbotics Ltd.

Toll Free: 866-276-2687 | 403-232-6268 Fax: (403) 226-3741
Website: http://www.solarbotics.com
Email: info@solarbotics.com

© Copyright Solarbotics Ltd., 2004
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