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Linguistic Channels

Contextual Channels

Short Term Memory (STM)

Mid Term Memory (MTM)

Long Term Memory (LTM)
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The event is divided into an array along
channel and time segment boundaries.

An L-event or S-event is composed of
multiple channels
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An event divided along time 
segments and channels

Some potential subevents 



semantic events (S-events)

linguistic events (L-events)
time

co-occuring L-events and S-events
are paired to form LS-events

short term memory (STM)
contains recent LS-events

old LS-events
forgotten
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/* Consider all pairs of LS-events in short term memory */
for each pair of LS-events in STM, LSi and LSj {

  /* Compare each pair of L-subevents in LSi and LSj */
  for each L-subevent in LSi, Li {
    for each L-subevent in LSj, Lj{
      if dL(Li, Lj) < tL then set Lmatch = TRUE
    }
  }

      
  /* Compare each pair of S-subevents in LSi and LSj */
  for each S-subevent in LSi, Si {
    for each S-subevent in LSj, Sj{
      if dS(Si, Sj) < tS then set Smatch = TRUE
    }
  }

  /* check for matches of L-subevents and co-occuring S-subevents */    
  if Lmatch = TRUE and Smatch = TRUE
    then recurrent match found
  }
}

      



Short Term Memory (STM)

Filled regions
indicate recurrent
L-subevents
and S-subevents 

LS-event LS-eventLS-event
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linguistic feature space

L-radius (     )

L-prototype (     )
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Mid Term Memory (MTM)

Lexical Item

Mutual
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Sensors

L-event

LTM
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Lexical item i

L-unit
S-category

Lexical item j

L-units and
S-categories
overlap

Matching lexical items are clustered to
form a conglomerate lexical item
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Linguistic Units Semantic Categories
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Object
detection

Spoken
utterance
detection

S-events: 
object view-sets

L-events: 
spoken utterances

Linguistic channel:
phoneme probabilities

Contextual channels:
object shape & color

L-subevents:
speech segments

LS-events: 
{spoken utterance, object view-set}

S-subevents:
shape / color view-sets

Lexical candidates: 
{spoken word prototype, color/shape prototype}

Lexical items:
{spoken word model, color/shape category}
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DOF 1: Base rotation

DOF 2:
Base elevation

DOF 4:
Neck

elevation

DOF 5: Object turntable rotation

DOF 3:
Neck rotation

Color CCD
Camera







RASTA-PLP
spectral
analysis

time
delay

12 units

176 units

176 units

40 units

Linguistic channel:
phoneme probabilitiesRecurrent Neural Network
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state = 1; count_2 = 0; count_3 = 0; count_4 = 0
UTTERANCE_START_DELAY = 50ms; UTTERANCE_END_DELAY = 300ms

for each RNN output vector, l(t) {

    state 1: SILENCE
        if SIL != 1 {
            utteranceStartIndex = t
            state=2 }
        else { state = 1 }

    state 2: POSSIBLE_START_OF_UTTERANCE
        count_2 = count_2 + 1
        if SIL = 1 {
            count_2 = 0
            state = 1 }
        else if {count_2 > UTTERANCE_START_DELAY) {
            state = 3 }

    state 3: UTTERANCE
        if SIL {
            state = 4 }
        else {
            count_3 = count_3 + 1
            state = 3 }

    state 4: POSSIBLE_END_OF_UTTERANCE
        count_4 = count_4 + 1
        if SIL != 1 {
            count_3 = count_3 + count_4
            count_4 = 0
            state = 3 }
        } else if count_4 > UTTERANCE_END_DELAY {
            utteranceEndIndex = t - count_4 - 1
            ProcessUtterance(utteranceStartIndex, utteranceEndIndex)
            count_2 = 0
            count_3 = 0
            count_4 = 0
            state = 1
        }
    }
}
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CELL

Spoken
    commands

    Task
semantics

User-dependent
acoustic & semantic

model







Scene 1: User points to three colors in the
rainbow and names them (lexical acquisition)

Scene 2: User selects a part from the "Tree 
of Life" by pointing to the part

Scene 3: Part is colored by speech using one
of the three lexical items learned in Scene 1

Scene 4: User must select position for new
body part using gesture, confirm with speech

Scene 5: A successfully placed part Scene 6: After two more cycles of Scenes 2-5
the mate is complete and Toco looks on in 
new-found love
























































