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1 CONSTRUCTION

Curren t Status

The snalke is moving. The Brain executesthe follow-the-leadercortrol scheme. The SCP
was simpli ed making the comnunication betweenthe Brain and the SCU's more e cien t.
Accordingly, the snake's motion is adequatelysmooth. Braceswere addedto seweral body
segmets to prevert the snake from rolling over onto its badk. With this improvemern the
shale is su cien tly stable.

Work Completed

1 Construction

More improvemeris were made to the physical designof the snake. The most noticeable
changeis the addition of the body supports shavn in Figure 1. As we were testing our
movemert algorithms, it was apparert that more support was neededon the snale to keep
it upright. Every time the snake wasstarted, it would initialize all the serosto their middle
positions which made the overall shape of the snalke a straight line. This required one to
hold the snake upright until the snake beganto move. Even during movemer, the weigh
of the snake causedsegmets nearthe headand tail to fall over. The snake alsomanagedto
ip itself over a coupleof times due to the instability. After adding the supports, the snake
is much more stable and easierto work with. We are no longer required to keepthe snake
from falling over and it is now impossiblefor it to ip over onto its badside.

Figure 1: New body supports.

The brain was also upgradedto 20mhz this quarter. We were initially using a 4mhz
crystal to clock the brain. We had trouble getting the pic to clock at 20mhzand gured
out that the HS_.OSC bit needsto be setin the con guration word in order to clock the pic
higher than 4 mhz.

It wasalsodiscoveredthat the wiring of the MCLR resetswitch wasincorrect. | soldered
the 10k resistoron the wrong side of the switch which madeMCLR always high. We recti ed

1



3 SIMULATION

this problem by putting the resistor on the other side of the push button switch. Now by
pushing the switch, MCLR is setto ground e ectiv ely resetting the pic.

Another major accomplishmeh was the solution to the twitching and spasmingof the
snale. It wasinitially thought that all the SCU's where drawing too much power from the
brain whenthey werereadingthe SCU_TD X bus causingthe voltage on the busto drop and
the data to be misinterpreted. As a solution, we installed a voltage bu er on the output of
the brain. The voltage bu er is designedto keepthe sourcevoltage and the load separated.
This eliminatesthe e ects of loading on the brain and preverts data from being corrupted.
Both the SCU.INT and the SCU.TD X buseswere bu ered using a 358 dual opamp.

We then connectedthe SCU_TD X output pin of the brain to a PC and visually analyzed
the positions what the brain was outputting to the SCU's. It wasthen discoveredthat the
brain was persisterly resetting. We added a capacitor to the power supply to lIter the
incoming voltage and solved our problem. As a precaution, we also separatedthe v e volt
sourcesof the senos and the pics. It was unsure if the senos would be causingcurrert
spikes instigating a voltage drop. As a result of adding the capacitor and separating the
power sourceof the pics and senos, the motion of the snale has becomevery smooth and
uid.

The nal adjustmerts that were made to the snake were made to the wheelsand the
seno arms. Not all of the wheelson the snake touched the ground asit moved along. Since
thesewheelscould not pusho laterally, the motion of the snake wasine cien t and wastful.
To curethis problem, someof the wheels,and seno arms were shortenedor lengthened. Not
all of the wheelst perfectly on the ground but there di erences are now tolerable.

2 Servo Controller Proto col: SCP

The Senwo Control Protocol was changedagain. We simpli ed it even more by sendingall
twenty-four bytes of positionsin oneSEROUT command. The SCU'sreceiwe all twenty-four
positions but only usethe positions that pertain to them. Using the cortroller id of eah
SCU, the rangeof positionsto capture is calculated. The baud rate of the protocol wasalso
sloved down. We were previously transmitting at 9600baud but have slowved to 2400baud
in order to reducethe possibility of error. As a result of thesechanges,the comnunication
betweenthe brain and the SCU'sis very smooth.

3 Simulation

Sincewe werehaving somany problemsgetting the snake to move properly more simulations
were conducted. Parts of the trace subroutine werre testedin matlab to ensurethat it was
properly outputting position commands. The results of the simulations concluded that
our algorithms and implemertation details usedin trace were correct. It was concluded
that we were overlooking a minor implemertation detail with the picbasiclanguageor the
architecture the pic. Brad alsoupdated his Java simulator to allow us to tweakthe all the
input valuesof the serpenoid function. This helped usto nd valuesto implemert into our
code. It saved us a tremendousamourt of time in the long run sincewe didn't have to guess



4 BRAIN

and ched our values. A snapshotof the applet is shovn in Figure 2 which is locatedin the
Appendix.

4 Brain

Many improvemeris were madeto the Brain. Se\eral crucial bugswere xed. In particular,
we were handling incorrectly. Once again we had trouble with PicBasic's use of 16bit
arithmetic. We madea mistake whenwe saved this result to 8bits. This operation takesthe
low order 8bits of the 16bit result and savesthat to the 8bit variable. We assumedthat if
the 16bit result wasgreaterthan 255, the 8bit variable would always be setto 255. But, this
is not the case. Therefore, we were experiencing errors when multiplying  in our motion
equation. Once we realized what was happening, we quickly correctedthe problem. The
motion equation then performedas expected.

We alsoaddeda debuggingport to oneof the Brain's I/0O pins. On this port we are able
to sendserial data. We attached this output to a MAX232 voltage corverter. A computer
then receivesthe output on its serial port. We can record the data on the serial port and
comparetheseto the expected results. This debuggingfeature allows us to conrm the
valuesof internal variablesin the Brain sothat we can correct errors like our mishandling
of 16bit arithmetic. The feature expeditestroubleshooting.

Currently, the Brain is using the follow-the-leadercontrol scheme. We focusedon this
schemerather than the serpenoid scheme,becausat is lesscomplex. Follow-the-leaderuses
the sepenoid function without the parameter ; thus, we don't have to tune this parameter.
After correcting our mishandling of , the follow-the-leadersthemeis working well. This
algorithm is successfullynoving the snake forward.

We also addeddirectional cortrol.  in the serpenoid function cortrols the direction of
the motion. By changingthis parameter,we are able to move the snake forward in di erent
directions. We discovered that the snake has a medanical imperfection that producesa
slight tendencyfor the snake to turn right. We compensatedfor this by setting to biasthe
output to the left. This worked very well, and the snake now movesstraight.

We madea major changeto our calculation of sine. We implemerted our own version of
a sinefunction sincewe had sometrouble with PicBasic'simplemertation of sine. We usea
wave lookup table to generatethe result of sine. The domain is from 0 to 255. The result
is in the range of 1 to 255 where 128 is the median. Our implemertation works well and
eliminatesthe conversionfrom two's complimert that PicBasic'simplemertation used. This
made our implemertation much easierto work with.

Additionally , weimplemerted sine" wheren is a positive integerexponert. We discovered
that a pure sinefunction might not producethe desiredmovemert of the senos. For a smooth
undulatory motion, the senos should spend a signi cant amourt of time in their middle
positions. This is necessarysincewe want the snale to roll on its wheels. The wheelsroll
well when the correspnding joints anglesare straight. Otherwise, if the joints are turning
the wheelsare usedto changethe direction of the motion. Thus, they are rolling forward
less. If we control the angleswith a pure sine function, the angleswill spend most of the
time in the max our min position and very little time in the middle position. Alternativ ely,



FUTURE WORK

if a function like sine? is used,the angleswith spend equal amourts of time in the middle
positions asin the min or max positions.

Our implemertation of sine" usesour wave lookup table for sineto build a new table.
When the Brain starts up it usesthe speci ed value of n to build a wave table for sine". The
motion algorithm then usesthis table to generatethe result of sine". Also, we can rebuild
the sine" table during runtime by simply changing the value of n and recalling the table
initialization subroutine.

With the successfuimplemertation of the follow-the-leaderscheme,we are con dent that
the serpenoid schemewill alsowork. We discoveredthat the follow-the-leadersthemeis just
a special caseof the serpenoid scheme,sincewe are using the serpenoid function to cortrol
the headin follow-the-leader. In follow-the-leaderthe parameters! and are combined
into a single parameter. We loseindependert cortrol of , which speci es the phaseo set
betweenadjacen joint angles. In follow-the-leaderthis o set is xed, becausethe motion
is just shifted betweenthe joints. Follow-the-leaderusea serpenoid function where! =
Sincethe follow-the-leaderschemeworks, the serpenoid schemeshould alsowork.

Curren t Work

Currently, we are designingthe Peripheral Bus Protocol and forming its speci cations. We
are investigating implemertation options for both the Brain and peripheral devices. Addi-
tionally, we are still testing the motion cortrol. We are tuning parametersand evaluating
speedand direction cortrols.

Future Work

After we designthe PBP, we will add PBP functionallity to the Brain. We will build PBP
supporting devicesthat might be neccessaryo regulate peripheral comnunication. Then,
we will construct our rst Peripheral Module. We have not yet determinedthe function of
this rst Module. Most likely, it will provide collision detection and avoidance.
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Figure 2: Java simulator for Serpenoid Function.
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