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1 CONSTRUCTION

Curren t Status

Construction is complete. The Brain and SCU boardsare built and mounted to the snale.
The wiring betweenthe Brain, the SCUs, and the senws is installed. The tethered power
supply line is connected. The microcortrollers are programmedand we are ready to begin
testing the motion.

Comparedto our original time line we are a month behind. This is dueto over optimistic
estimatesfor construction time. The ertire construction time from beginning to the end
of prototype la was greatly underestimatedand has cost us valuable dewelopmernal time
for further prototypes. We have thus chosento drop the pursuit of prototype 2. At this
time, sud a goal would be improbable. We are instead going to focus on the completion of
prototype laand the implemertation of prototype 1b.

Work Completed

1 Construction

Construction of prototype 1a has beencompleted. Over the break, seweral improvemens
were made to the snalke in order to make it stronger. \L" bradckets were mourted to the
universal joints to stabilize them. Prior to the edgling bradkets, the badkbone could be
rotated torsionally which debilitated the motion of the snake. Bolts were also addedto all
the joints to prevert them from twisting. All of the segmeits were aligned making their
wheelsstraight and level with one another. The head and remaining segmets were also
constructedand attached to the snale.

The Brain and SCUs were implemerted on pcb boards. The SCU schematic and pcb
layout are shown in Figure 1. The brain schematic is shown in Figure 2.
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Figure 1: Shematic and board layout of Seno Control Unit



2 SERVO CONTROL UNIT
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Figure 2: Sthematic of Brain

2 Servo Control Unit

The SCU hasbeenfully implemerted. We originally believed that the servoswould be con-
trolled using the PIC16F628'sHPWM function. A decader would split the output signal
betweenthe four senos. We discovered that the lengthy propagation delay of the decaler
scranbled the pulses. We tried to use FET transistors as switchesto split the signal but
yielded similar results. It was then discoveredthat PicBasic has a function called PULSE-
OUT that puts a pulseof a speci ed width on any output pin. We were able to cortrol four
senos simultaneously by rotating the PULESOUT function through four output pins of the
pic. Eadch seno was connectedto a di erent pin.

The PULSEOUT function generatesa pulse. The pulsewidth is measuredin incremers
of 10 sec. The senos acceptpulsesbetweenthe range of 0.9msto 2.1mswith the certer
position at 1.5ms.

PicBasic also has serial output and serial input functions. These functions were used
to implemert the SCP. After extensiwe testing, communication was establishedbetweenthe
brain and the SCU using a baud rate of 1200 and bit spacing of .1ms. With this, the
rst working prototype of the SCU and the brain were created and are shown in the les
\rst _SCU.bas"and\rst _brain.bas."

During testing, we discoveredthat the interrupt serviceroutine onthe SCUwastoo long.
When an interrupt is initiated, the SCU quits sendingpulsesto executethe ISR. In theory,



3 SERVO CONTROLLER PROTOCOL: SCP

if the routine is short enough,it can be executedwithout any notice. This wasnot the case
sinceour lengthy routine causedthe senosto jump and move roughly. In orderto shortened
the ISR the communication betweenthe SCU and the Brain was shortened?

When the SCU receiwes new positions for its senos, the data is corverted into pulse
lengths. Eadch position commandis a byte of data represeting a number between'0' and
'255'. The '0" position tells the SCU to output a minimum pulse length of 0.9ms. The
'255' position tells the SCU to output a maximum pulselength of 2.1ms. The SCU can not
usethesearbitrary positiions by themsehesand needsto convert them to meaningful pulse
lengths. To perform this duty, the following equationis used:

_ Position 108 1)

pulse

This equation provides a pulse between 108msand 193mswith the certer at exactly
150ms. The range of the pulsesis shortenedbecausethe senos bind when they are near
their maximum and minimum positions.

3 Servo Controller Proto col: SCP

The SCP standardizesthe comnunication between the Brain and the SCUs. Firstly, a
numbering sheme(Figure 3) is organizedthat identi es ead SCU and seno. The six SCUs
cortrol the 24 senos of the snalke. The SCUsare labeled with numbers from 1 to 6. SCU
'1" is located closestto the head. SCU '6' is located closestto the tail. The four senos
attached to eaty SCU are labeled 1 through 4. Seno '1' is nearestto the head while seno

'4' is nearestto the tail.
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Figure 3: SCU and seno numbering scheme

The SCP speci es serial comnunication of position commandsto the SCU at a baud
rate of 1200. This data is passedon a dedicatedSerial Data Bus.? The Brain initiates serial
communication by sendingan interrupt signalto the SCUson a dedicated Interrupt bus?3
This pulse triggers all the SCUsto erter the Interrupt Service Routine(ISR). Once they
enter the routine, they beginlistening to the Serial Data Bus for commandsfrom the Brain.
The following explaination is showvn in a owchart in Figure 6 in the appendix.

The Brain sendsan initial dummy byte, which providesa delay to allow the SCUstime
to erter the ISR. As shown in Figure 4, the Brain then sendsthe character \F" followed

IPleaseseeSection 3 for details.
2Labeled SCU_TD X bus in Figures 1 and 2.
3Labeled SCULINT bus in Figures 1 and 2.



4 BRAIN

| \F* || Controller D |

Figure 4: First byte transmitted after char \F"

\F" H 1s SENo pos H 2,4 SENO POS H 3,4 Seno pos H 4y, SEND POS ‘

Figure 5: Four bytes cortaining seno positions sert after char \F"

by the rst byte of information. The character givesthe SCU a referencepoint to start
storing information. The rst byte of data cortains the cortroller Id of the SCU to update.
If the cortroller id of the SCU does not match the transmitted cortroller id, the SCU
quits the ISR and cortinueswith the main program. The SCU with the right id cortinues
listening for new seno positions. The Brain sendsthe character \F" followed by the four
new positions to the SCU(Figure 5). The SCU receiwes these positions, storesthem, and
terminates communication with the Brain. The Brain can start comnunication again any
time by triggering an interrupt. Theseinterrupts and data exdange processesan repeat
inde nitely .

The SCP de nes the position commandin onebyte. The minimum position is indicated
with a commandof 0 while the maximum position is indicated with a commandof 255. The
command of 128 indicates the middle position. The range of positions are from 0 to 255
by incremerts of 1. Given this command,the SCU must translate the position into a pulse
width accordingto the speci cation of the senos.

4 Brain

The rst Brain is now complete. It providesbasicmotion cortrol and cancomnunicate with
the SCUs. Motion cortrol is achieved using a serpenoid function.

= sin!t+( 1) + (2)

This function is designedfor oating point humbers. Sincethe microcortroller usedin the
brain can only perform integer arithmetic, the serpenoid function must be appraximated.
The parametersare separatedinto an integer part and decimal parts. For example is
separatedinto an integer part a, decimal part a,9, decimal part a;qo, €tc. a is a whole
number. a;q is the 10ths placedigit and is divided by 10. a;q is divided by 100and soforth.
Hence

=asin ::: + %sin o+ E%)gsin S (3)
Accordingly, eath parameter( , , , and!) canbe expandedto achieve a desiredlevel of

precision.

The Brain hasa main routine that calls two other subroutines: \trace" and \up dateS-
CUs". The main routine repeatedly calls these subroutines. The \trace" subroutine facili-
tates the motion cortrol. The new positions of the senos are calculated from the serpenoid
function. The function is evaluated using the PicBasic SIN function, which returns a two's

4



FUTURE WORK

complemen result of sine. The domain of the function is from 0 to 255. Essetially, 2 or
360degreess mapped to 255. This is nice, sincethe function is periodic over 1 byte, which
is a simple represemation to comnunicate with the SCUs.

It is very important to keepin mind that the result is in two's complemen, becausehe
Seno Controller Protocol speci es the minimum position as 0 and the maximum position
as 255. The middle position is 128. But, in two's complemen the minimum and maximum
positionsare -127 and 127 respectively. The two's complemen middle position is at 0. The
two's complemen represemation can be transformedin the Protocol's position commandby
simply adding 127to the result.

The \trace" subroutinede nes horizontal motion, whereadjacert senoswork in opposite
directions. The joints of the snake are formed by two sernos. The joints bend from side to
side when the two senos work in opposite directions. According to the Seno Cortroller
Protocol, one of the two adjacert senwos is labeled with an even number, and the other
seno is labeled with an odd number. For exampleconsiderthe rst two senos. They are
labeled "1' and "2'. The "trace" subroutine calculatesthe desiredposition of these senos.
For horizontal motion, positions of senos "1' and "2' have the following relationship:

position[2]= 255  position[1] (4)

If \p osition[1]" movestoward the max position, \p osition[2]" movesthe sameamourt but
toward the min position. Considerthe trivial casewhere\p osition[1]" is in the minimum
position, which is the commandO. Then,

position[2]= 255 0= 255 (5)

Thus, \p osition[2]" is in the maximum position, which is the command255. After the new
positions are calculated, the main routine sendsthese commandsto the SCUs by calling
\up dateSCUs" subroutine.

Curren t Work

We are currently working on the brain of prototype 1a. Our goal is to acdhieve simple
horizontal motion with no sensoryintelligence. We are focusedon getting the serpenoid
function to output correct seno positionsthat will propel the snake forward. As described
above, working with only integerarithmetic is challenging. We are alsostarting to designthe
peripheral modules and how we plan to implemert them into prototype 1b. This includes
designingthe Peripheral Bus Protocol(PBP).

Future Work

As soon as successfulmovemert from prototype la is achieved, we will start testing the
overall designof prototype 1a. We will nd out how all the modules of our designwork
together. Any improvemeris will be madeat this time. We will then start the developmen
of prototype 1b. In this prototype we will enhancethe intelligence of the snalke by adding
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FUTURE WORK

feedba& from its environment through the useof peripheral modules. Our rst two modules
to be addedwill bethe infrared collision detectorand a velocity meter. The infrared collision
detectorwill inform the snale if it is about to collide with an obstacleand the velocity meter
will inform the snake how fast it is moving and what direction it is moving in.
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App endix

Flow Chart of SCU

Figure 6: New Flow Chart of SCU
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