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Abstract other aspects of intentvhich are more opeanded(e.g.,
using traction padsfor a devicenormally used in a bht
room, wheresurfaces are tén wet) and will reqgire add-
tional interface modéies(e.g. text or speech) to convey

Section 2 describes how we handle sketched input and the
spatial reasoning required. Section 3 describes the aualit
tive mechanics reasoning involved. Section 4 describes the
ye>‘?pla atbn critiquing algorithm, and Section 5 describes
the evaluatioron student projectdike the onehanded fi-
gernail clipper in Figure .1 We close by discussing other
related work anduture work.

Designers often use arg@s of sketches to explain
how their design goes through different states or
modes to achieve its intended function. Learning
how to createsuch explanations turns out to be a
difficult problem for engineering students.nAu-

t omat ed fAcr asletstuderdgstpcicku mm
explanations would be desirable. This paper d
scribes how to carry out a core piece of the neaso

ing needed in such system. We show how an-open
domain sketch understanding system can be used to
enter many aspects of such explaodi and bw . . .
gualitative mechanics can be used to check the 2 Sketching multi-state explanations
plausibility of the intended state transitions. The — —
system is evaluated using a corpus of sketches B W & =) i | s [ i e cverar]

based on designs from an engineering scheel d -

sign & communications course.

1 Introduction

One d the cornerstones of engineering education is learnin
to design. In the early stages of design, sketches domina
A complex mechanism can go through multiple states ¢ [
have multiple modes to achieve its intended function. T
communicate how their dé&m works, designers typically . -
use a series of sketches, plus verbal or written informatic  Figure 1: One-handed fingernail clipper, an EDC Project,in the
(depending on ectumstance) to express information not up position. The hand is laid horizontally across the topfingers
easily sketched.According to instructors,elrning how to pointing left, and the palm presses down to close the clipper.
communicate with sketchesan be quite difficultfor stu-
dents. We are working with No We hseGogSketchFobus et Bl.n2909nan eperdomgin
Design and Communication course (EDC) to improwe st sketch understandingysteri, for entering and analyzing
dentsd ability t o c©haideaisioc aketehesu €ogFkefch ikables cubees sta dralyphs that
create aDesign Buddyfor studentdo use in practicing>e ~ represent entities. A glypis drawn by pressing a button,
planations via sketchg. The input to Design Buddy will drawing whatever strokes constitute it, then grgsanother
be a sketched explanation of how their design is supposed lwitton.  Thé manual segmentation method is better suited
operate. The softwar eds forocompiex drawingshampenup or imepw costhaigts d e s i g
see if th@& explanation is plausible. (cf. [Cohenet al 1997), because the parts of a complex

The Design Buddys an ambitious project, araurrently
it is far from complete. This paper focuses on a keyp{pro
lem in this task: Providing feedback on explanationsnef i ! Student projects are typically done for real customers,daclu
tended mechanical behavior of mulsState mechanisms, ing patients at the Chicago Rehabilitation Institute. Fsiaince,
entered via sketching. This problem is key becausex@s estroke victims often only have one working hand, which motivates
plained below) many desigmpredominantlyinvolve forces  seveal of the design tasks in the corpus.

and motion. It is a good starg point because it factors out > CogSketch is publicly available at
http://www.silccenter.org/projects/cogsketch_index.html




design are often best drawn by multiple strokes, not always In CogSketch, a sketch consists of multipldsketchg
connected,and designers need to be able to take their timeach of which describes some coherent aspect of a sketch.
and think while sketchinde.g. Figure 1) What a glyph Heresubsketchs are used to repredgehe distinct states of
represents is indicated by labeling it with a concept froma design. CogSketch includesraetalayer a special pane
CogSket chdés kKB wihie HB) eses iDpes e on which everysubsketcltof the sketch appears as ancaut
Cyc-derived knowledgéOpenCyClas astarting point, so it maticallygenerated glyph. Multi-state explanatian are
is exremely broad (i.e over 58,000 conceptsf-or exkam-  entered via creating subskedsh corresponding to each
ple, the springs in Figure 1 are given the cptua label stae, and then linking them via relationship glyphs on the
Spring - Device , a concept from the KB.This is in con-  metalayer. Figure 2 illustrates the explanation for the states
trast with recognitiorbased approaches, whiceguire the  of the onehanded fingernail clipper, the first state of which
sydem designer to identify in advance a smallexdion of  was dpicted in Figure 1.The relation glyphs, each labeled
entity types that can be sketched, and traingeizers for  with the KB relation causes - SitSit  (situation causes
each type (cf[Hammond & Davis, 2009] While such situation),indicate that the first state will lead to the second
systems can be useful in many circumstances, the-opestate, and the second state will lead to a return to the first
ended nature ofifeneralenginesring design tasksnivolves  state. The second state was created by cloning the first state
many more types than there are distinct visuaitsys for, on the metalayefdepicted in Figure 2)then editing it by
hence the need for another means to conceptually labeloving and resizing parts to indicate the changes therein.
them In human to human sketching, conceptuadllag is  This can greatly simplify the sketching process, compared to
typically accomplished via natural language. In Cagi&tk, pencil and pper.
a specialized interfacenables users to attach KB concepts
to glyphs after they are drawn. This approawtans that 3 Qualitative Mechanics
users are never distracted bygagnition errors, which tend
to break their train of thought. However, it does expose
them to moreof the KB internals than is appropriate for a
fielded system, an issue we return to in Section 7.

In addition to glyphs representing entities, CogSketeh a
SO support@nnotation glyphdo describea n o bpgrop-c t

erties, andelation glyphsto describe retionships between N ’ > : :
entities. We use Bnotation glyphs todescribe applied Section 5) motivated several extensions, includingow

forces and diretions of motion, using arrowsin Figure 1, forces and_ motion trafey across direct, rigi¢onnetions
for example, the force a&p pbptwegrgbjeg?n_quq%tof ﬁpgné’fry gaH a|l m i
cated by the downward arrow on the rigiRelation glyphs We ‘usequalitative mechanicgQM) for two ‘purposes.
are used to provide a way of dedgrig the relationships The first is to predict how the objects depicted in a state will

between differenbbijects in a sketch or the differestates Pe€have. The second is verify that the necessary reqear
explaining a design (se@lbw). ments are met for each state transition tpbssible. That

— is, given the forces that are occurrimgan initial state,will
e ity the motions requiredto reachits proposed causal cams
l quert actually occuf?
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As described in[Wetzel and Forbus, 20D8we have
adapted existingjualitativephysicsrepresentationfNielsen
1984[Kim 1993 for analyzingmechanisms These repe-
sentations includdorces, motion, rigid objectsand the
tgarsmission of forces and movement viafate contacts.
Our subsequenanalysis 6 a corpus oftudent designésee

Up Piclm\ Down Position
causes-SitSit
Figure 2: The metalayer provides a way to sketch multistate T — B\‘

explanations. Relation glyphs describe intended causal relatio

shios between states. == B .

CogSketch performs a variety of visual analyses on the Figure3:The fiDown stbskstihtaptses the state after

digital ink that makes up @lyph, using techniges moi the clipper has been closed and the force of the palm is removed
vated by studies of human visual and spatial reasoning "€ Parts move back upwarddue to the compressed springs

[Forbuset al 2008]  For example, CogSketch computes  The connection between the entities in the sketchQivid

qualitative bpological relationships (RCC8Cohn, 1996]),  concepts is made via conceptualdity. For example, in

which we useto analyze the conegvity of parts It also  Figure 1, parts which will not move relative to the sketched

segmentthe ink d a glyph into lines and comers, whiahe  view ae labeled with the conceptix edRigidObject

used here to identify surface normalpaints ofcontact Parts which are free to move are labeligidOb j ect , and
the three springs are labeled @gring - Device . The




sketch also contains stlon glyphs that indicate a direct the rogtion is small the difference may neppear. If this

connection ifi the sense oflued or wéded togethe) be-
tween objects. These relation glyphs agieeled with the
relatiorship connectedTo - Directly CogSketch also
provides an interface for applying this a@n directly to
the pair of glyphs without drawing a relation glyplve
have drawn tha here for illustrative purposesAn annoa-
tion glyph applied to the acttiag palm rest and labeled
with the concepforceArrow  represents the force of the
palm pressing down on thexdce.

As noted above, theser creates theecond state (gure
3) initially by cloning the first state on the raketyer. In the

fails, we use a cogtive model of mental rotatiofLovett et
al 2007 to find the correspondingdgesof the glyphs in

eachsubsketch The resulting mapping of edges is then

used tocalculate the angle of rotatioretiveenthe glyphs

In the nail clipper example none of the parts change their

orientation from state to state, far each objecthe rofa-
tional requiementis that norotation occurs

Once the requirements for each transition have been

computed, the system checks to see ifythee satisfied
(VerifyR egs step,Figure 4 by usingqualitative mecha-
ics to predict the next translation and rotation tbe object

second state the palm rest is depressed, moving a lateh run the antecedenttate. Translation is inferretbasedon the
ning through the mechanism downwards that pulls the cli constraints on the mexnent of the objectand the net fore

pers closed. The springs are resized to fit the neaidoc
of the parts theyra attached to, making them smaller.

acting on the objectThe movement costraints come from

Inbeing a fixed object or being in direct contact with being

order for the system to know the springs are no longer in directly connected (e.g. glue),tanother object with a o
neutral position (currently the default) an additional cpace straint. The net force is found by finding dhe forcesaa-

tual label is added to the spring obje@smpressedSub s-
tance . Finally, sincethe palm is ndonger pressing down
on the palm resthe force annotation glyph ismoved.

4. Critiquing explanations

Check Sketch Transitions(sketch)
Foreach subsketch in GetSubsketch es(sketch)
UpdateSurfaceContactkno w edge( subsketch )
For each subsketch - pair in
GetTra nsitio  nPairs(sketch)
For each  requirement in DeduceReqs(subsketch
For each verification in Verif
If verification = requirement
then PrintSuccess(requirement , Vverific  ation)
else PrintFailure(requirement , verific  atio n)

- pair)
yRegs(requirement)

Figure 4: The critique algorithm precomputes surface contact knev-
ledge beforededucingand verifying the requirements of each state tra-
sition pair (derived from the causesSitSit relationships).

The algorithm forcritiquing explanations (Figure)4egins
by usingthe spatial knowledgm eachstateto derivethe set
of surface contact relatiships including surface nmonals,
between theobjectsin that state using techniques from
[Klenk et al.,2005]. It then takes eagtair of stateghatare

linked by a causal relationship andes an inference engine

to determinewhat is requiredo trarsition from the antes-
dent state to the consequetdte(DeduceReqs step,Figure
4). Currently these rules onlgok for motionrelated diffe-
ences, i.ethe appearance or lack thinslation or raition.
To determine if an object has movetie tobjectsof type
fixedRigidObject are used aseference poirg For ex-

ample, the glyph representing the palm rest in State 2

lower than it was irStatel, rektive to theouter frame of
the device This creates atate transition guirement that

in order forState 2 to follow from State it,is necessary for
the palm restto translate downwards.

Similar facts are

ing onan dject and resweing them to find the net force.
The vectors used here are qtalie [Nielsen 1988], using
quadrants and their edge3o help resolve ambiguities with
opposing forces, the wuser
when creating force arrowsBoth the net force and the
movement constrainteequire the surface contairtforma-
tion from the sketch, which are oputed at the beginning
of the transitioncheckng algorithm (Figure }# Once they
are found, if the object is free to move in a directiiodi-
cated by the net force, it will do so, otherwisewill not

move. In the nail clipper sketch (Figure 2), going from

State 1 (up position) to State 2 (down positjdhg qualia-

tive analysis derives that the initial force will move all the

free part®d from the palm rest to the upper jaw of thepeli
perd asdrawn For the reverse transition, the spring espr
senttion predicts that theompressedprings will provide
upward forces on the other parts, §ag all the parts to
move upward toward their origal State 1 pagons. Note

that the forces in State 2 did not have to be explicitly drawn

as annotations by the user, as the redeforce in State 1
did.
springs are labeled asmopressed in Stat2.

Rotation isverified in a wayanalogougo translationus-

ing one &tra piece of knowledge: the center of rotation.

Finding the center of rotation for aarbitrary object with
arbitrary qualtative surface contacts arfdrcesacting on it
was beyand thecurrentscope of this eearch;for now we
require the user to label it with an atation glyph. Once

this is known, the torques on an object can be derived via

gnowing the forces on it and their relative fims to the
Center of rotation. Similarly, rotational castraints can be
derived based on surface contacts.

Eightexamplesn Section Sncludeinstances of rotation.

created for the other moving parts, and the same analysis is

done for the trarion from State 2 back to State 1.
Rotations of objects betweesubsketchs are detected in
two ways.
qualitative orientation(e.g. right, up, quadrant 1, etdor
each object in eactubsketch Looking this up is fast, but if

First, CogSketch automatically computes thq

8 Automatically deducing that the shorterisgrin State 2rplies

hat it is compressed, given that the spring in State luabeis

an example of reasoning about depiction that we intend to incorp

rate in later versions (e.g. [Lockwoetlal 2008]).

Instead, this force was inferred from the fact that the

If the object is free to
rotate in a direction indicated by the net torque it will do so.

c
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Q&[d R o temom[s o] [anm “Jli6 2 @ sketch | T oubuglapes =
To go from Down Position to Up Position, To go from Dawn Position ko Up Position, X| Bgfowh | A Reatin | GREow | G @zame cbs | Y .
Palm Rest has ko move Up, and it will move Up. Lever must not move, and it wil not,
Lower Jaw must nok move, and it will not, Palm Rest has to move Up, and it will move Up, ot
Lever has ta move Up, and it will mave Up, Lower Jaw must not move, and it will nok. w100
Clipper Jaw has to move Up, and it wil move Up. Clippet Jaw has to mave Up, and it will move Up. Heta-Layer
Latch has to move Up, and it will mave Up. Latch has to move Up, and it wil mave Up. L oo
Latch must not rotate, and it wil nat, Lakch must not rokate, and it wil not,
Palm Rest must not rotate, and it will not. Palm Rest must not rotate, and it wil not.
Lower Jaw must nok rotate, and it will not. Lower Jaw must not rotate, and it will not.
Clipper Jaw must nat rotate, and it wil not, Clipper Jaw must not rotate, and it will not.
Lever must ok rotake, and it will not. Lewer must nat rokate, and ik will not.

To go from Lip Position to Down Position,
Lever must not move, and it wil not.
Clippet Jaw has to mowve Down, buk it will nok mowve!

To go from Up Position to Down Position,
Lever has ta move Down, and it wil move Down,

Clipper Jaw has ta move Down, and it wil move Dawn.
Pa?rg Rest hias to move Down, and it will move Down, Palm Fest has to move Down, and it will move Down,

Latch has o mave Down, and it wil move Down. Latch has to mowe Down, and it will move Dawn,

Lower Jaw must not mave, and it wil not. LEIEWE’ 51 (B IS (T a"dg il .“Dt'
Clipper Jaw must not rotate, and it wil not, S'TD: ]E;W mu:t "tut 'tuttatEJ adn't = fﬂ" ”tut‘ {FJ
Palm Rest must nat rotate, and it will not, ELINIEAS TS NAAGEEE UL B

Lower Jaw must not rokate, and it will not.
Lever must not rotate, and it will not.
Latch must not ratate, and it wil not,

Current Bunde Book Holder Frame
[Furas 1

Lowser Jaw raust not ratate, and it will not.
Lewer must nat rotate, and it will nat.
Lakch must not rotate, and it will not.
wsaan [
s =

Cancel Figure 6: A book holder, view
page experiences an upward force, but is clamped frothe left.

Cancel

Figure 5a(left): The explanation checks out
Figure 5b(right): With the lever moved off to the side, the sketch .
violates an expectation (den ot ed wi t h ! o hary. The exposed page of the book has @ionl force

arrow on it denoting the natural tendency for that page to
flip upwards, but the clamp holds tipage firmly in place.
The system sees this constraint and agrees with outiasse
that nohing will move.

To test the alternate case we made anoshete this time
with the clampdisconneatd In this case the system warns

from the rest of the mechanisnithout it, there is nothing thatl.tv"h"? :he lpage_sta;statlonarym our sketch, it will in
to exert force on the upper jaw andatll no longer move reality rotate clockwise.

down.Vi ol ated requirements alge E%&rﬁbl%tZ'engaMihith an A! 0.
These sumaries are intended for development purposes; = ) T )
the NL generation for student fiigack will focus on places The Baja Mini in Figure 7s representative of several

where the system finds problems with their exgliams. projects that involve vehicles like go carts or solar cars.
Torque on the wheels will cause it to move to thi. le

Without friction, the sgtem predicts (correctly) that it will
not move. When force arrows were added to represent fri

Finally, the systencompares theesults of verification
with the requirements araltputs a listndicatingwhether
they were successfulmetor not. As Figure Aillustrates,
the requirements are translated into English using a simple
set of templatesFigure5b shows the output ohe same
system if the lever on top of the nail clippedisconnected

5. Evaluation

The system was evaluated on examplesvdd from EDC
projects, such as theunning example of thenehanded
fingernail clipper A corpus of 39 projects was collected.
19 of these were deemed not mechanically interestinky, lac
ing r_novmg parts or being mainly electrical (e.g. circuits) or Sl _causes-SitSit Moved
ﬂpW centered (eg pumpsf the 20 emaining examples, Figure 7: An all-terrain vehicle in motion. Assumed torque on
sixteenwere suitable for the system. Fooff them were wheels andground fri ction are required to infer motion.

beyond the spatial reasoning capabilities of CogSketcl

(mostly threedimensional) Six of the remainingsixteen tion, the systemnferred that the whole cart could move,
were redundant or very similar to ettdesignsso we pe-  with the wheels pushing the frame along with them via su
formed the galuation using only théendesigns(including  face catact.

the nail clipperin the earlier secti®) that describe the

space of problems which the system coulddha 5.3 Example 3: Finger Trainer
Since the original studediesignswere onposters open- =
cil and pper,we sketched them using Caketch ourselves. = , (T =

C o L—

= e
(& g B

The remainder of this section higlights some of the
strengths and weaknesses of the systershown byts pea-
formance orthetenevaluationexanples

5.1 Example 1 Book Holder Bundle 1 Bundle 2 Bundle 3

. . . Figure 8: A device for re-training precision finger movements.
Not every system in the EDC projects was intended to be "™ '3\ m rests on the top wit

chain or sequence of states. Many projects are mfidmto c The up and down movement simulates fying.

tain or stabilize something. Figueshows a device ed ) ) ) o

signed tohold open a book. To convey ttigtention we  The Finger trainer (Figur@) was difficult for the system for
madethis sketch of the desired state, cloned it and then a @ couple of reasons. First, there were a number cégpla

serted that the firsttate causeits copy The system then Where parts overlapped but were not necessarily in direct
infers that we mean for all parts in the sketch to staycstati contact with each other. We could draw thediment as




going around the end of the finger on the right, but in th s —r—r

actual project, the figer socket is a glove with the end cut | &/« @5 8 uevin]s <1 i Elis_Eliesre
. . . o EEEEEEG X Alam | A5 Gsou | A am: | @smos| @

off, making that drawing inaccurate. Similarly, boltsn€o |z, S :

nect the different beams and the wheel but the beams & |- | causes-SitSit

wheel hae no contact with each other. e —

To solve this problem we will need to formally describe ¢ | =i N
threedi mensi onal attribute stU/[E="2 ; - ndo
help describe the relationship between the finger and tl e
finger slot. Also, describing the motion of thar ketween =
the wheel and the vertical bar is difficult for theremnt QM Start Leaning back
because it is constrained by two different axes of rotatiol || == &l

Its motion will turn out to be a translation plus a rotatior Figure 10: A reclining chair for people suffering from involuntary

about some point on neither axisve could find this point muscle spasms.
manually, but it would be laborious to require the user to dut does pays attention to any forces attributed asngpmi
so. We plan to use Ki ma@s foinI@tdddy. W eéxdmple Figurei D) theasystem ma s a
sis for representing these kinds of connections betwben osons about the behavior of the sbatk, correctly predte
jects in the future. ing that it will rotate clockwise and compress the shdzk a
i sorber, but it has nothing to say about the human sitting in
54 Example 4 One-handed egg cracker the chair, for whom there is no QM representation yet.
LT e E L e L= 5.6 Example 6: Paint Roller
HEEEEENE X Afcwh | Ardation | %] Bfeow | G amotete | @same obis| )
Cabirae D[‘fﬂ. | [ 2 - Paint Roller / Tube Attached * [o & s
7= — E| Q8 4w s wewdhs <[ w][15 | @Sketch| [ Debuglayerst oo
EE— causes-SitSit causes-SitSit EEEEEE G X O | AgfRoston| 5] 6w | 6 smesic | @samectis| )
Bt
ﬁ\‘ L*é | 4 % ? Layer 1 - |
Ten ] B = 5 Meta-Layer
Brt;k(;‘E-gg_ Egg hits slide Egg starts sliding
causes-SitSit E s
Ccatses-SitSit causes-SitSit causes-SitSit
Current Bundle: =] {o\ — |
o <] ke ! — R LI i smpraise ==
L Py | For I
Egg hits bowl Egg rests in bowl
m’% Tube Attached Tube Released Tube Falls
4,15, -1.24in
el (a0
Figure 9: Device for cracking an egg with one hand. The egg shel
remains in the hand (upper left) and the eggolk slides toa bowl 155,307 ,
atthe bottom of thestructure. Figure 11: A quick-release paint roller. When the cl
. . . . - oller. en the clamps are
Sketching theone-handed egg crackeFigure 9) involved pulled outwards the tube falls under gravty.
showing how the eggolk movesdown a slide and lasdn
a bowl at the base.While representing the process of Figure 11 shows a paint rolle with a quickrelease
cracking an egg is beyond the level of our QM currently, thanechanism for changing the roll. It is drawn from a kead
system successfully understood the motiornthef egg yolk  on perspective but might be better understood by a human if
falling, making contact with the slide, turning and slidingit was drawn from top down. Currently the system is
down the slide, making contact with the bowl, rotating andimited by a lack of understanding of the conventions for
coming to rest.This example demonstraté@satour system illustrating depth in a drawing. If this were a top down
can handle variey of translations and rotations. However, sketch, the tube would get smaller in the third staséork
it illustrates a current weakness: it cannot reason abogbntinues on interpreting these kinds of conventions.
states which have not been drawn. There are more states )
here than a human partner would have required t§.7 Example 7: Ab Machine
understand the explanation, which pkaaa extra burden on  Figure 12 shows another example of a mogid body at
the studentWe plan to investigatattomatically generating work in a sketch. This example shows a case in which our
new subsketas in the sketclvia constrained qualitative primary, qualitative method of detecting rotation is
simulatont o Af il 1 i no the i mpliis@feienttodetdct dv€qdiled dhanhge.s The ini@dfe pandl O
ensure that they can indeed be consistently created. startsam b out 1 35 eourtarctbckwise @ kttte bus
) , ) not enough to be near 18Qhe nextdistinct qualitative
5.5 Example 5: Recliner with ShockAbsorber direction(i.e. left rather tharquadrant 2) As mentioned in

To handle a antrigid body (like the human body), thessy Section 4, we use a model of mental rotation to confirm that

tem does not try to infer what will happen to the body itselthis piece has actually rotated.

E



Figure 12 The device is for helping people in a wheel chair exe
cise their core muscledlt contains three fixed axis panels sep
rated by springs.

Figure 14: Rigid blocks prevent a wheelchair from rotaing under
5.8 Examp|e 8: Dual-action Switch the influence of swinging a baseball bat.

5.10 Example 1Q Retractable Stacking Mechanism

& 11 - Retractable Backbon: sion Pump / Lowered [eE=E
@0 4 o o wate[3 <|5 [l ][ | @ sketon| [ Debuglayerss . .
EEEEEN 5| Ao | Asfrdeton | G5 froe %) Byeron | @sameobis|
bt Dl
 om J
Meta-Layer ‘
—,29°
=, 000
0,009
r— bd
Left Gear Right Gear
Figure 13 An electrical switch that can be activated by —— Y
pressing the side or top. =
.
The system successfully undiexed the mechanical aspects Gl ;
of this electrical switclin Figure 13 However, it is missing Figure 15. This retractable stacking mechanism allows pieces of
the greater context. There is no représton for the medical equipment to be swapped in and out easily.

electrical aspects, e.g. how surface contact can transfeje rgractabe stacking mechanism in Figure t&n be
electric current, and the difference between adooting  moynted on a cart for easily transporting interchangeable
surface and a necpnductmg surface. The complete des'_gnmedical devices (in this case, backborfesion pumps).lt
sketch for this device would show these details, and while gis, Jemonstrates our representation of gears and toothed
human can infer them from looking at this sketch, it is l0Si, faces (drawn with zigag lines). When two toothed
on the system at this point. Many desigmeolve multiple gy rfaces are in contact their objects are considered to be
domains but we believe our state transition requirementenmeshed, enabling certain behaviors. For exampien\a
representation is general enough to extend to those, givelynteclockwise torque is applied to the left gear, it rolls
appropriate extensions to our knowledge base anflyyards along the fixed frame to the left. The right gear,
qualitative reasoning capabilities. As we continue to workyiso enmeshed with the left geaotates clockwise and
with EDC, these representations wille badded and |ikewise moves upwardlong the right frame Together
eventually be used by th@®educeRegs step of our ihay |ift up the stack of eqment until it is snug against the
algorithm (Figure % top of the case, preventing them from falling out.

. . Currently we must drawtraightedges avund the toothed
59 Examplg o Wheelc_ha'r SOft_ba” o . surfaces to improvéhe performance of owurfacecontact
The wheethair example(Figure 14) is uniquein that it is  detection which would otherwise have to deal witieny
drawn topdown. Studentsin EDC are often xpected to  small edges. One approach to simplifying this would be to
drawtheir designdrom side, top, and oblique perstiges.  add a perceptual model of textured edges to CogSketch,

CogSketch iscurrently able to handleside view and top  allowing it directly producea simpler edge representation.
view sketches.In this case, the surface contact and force

inferences worked withou; angxtra additior)s to the QM 6. Related Work

knowledge. However, as discussed below, igbk perspe- _ ]

tives are the subject of future work. Sketchlt [Stahovich et al 1998] used multiple sketches
linked by state transition diagrams to generate new concrete
designs of fixeehxis devices, mediated by qualitative eepr



