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Spatiotemporal Grounding for a Language Based Cognitive System
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(Hyunsik Ahn)

Abstract : For daily life interaction with human, robots need the capability of encoding and storing cognitive information and
retrieving it contextually. In this paper, spatiotemporal grounding of cognitive information for a language based cognitive system
is presented. The cognitive information of the event occurred at a robot is described with a sentence, stored in a memory, and
retrieved contextually. Each sentence is parsed, discriminated with the functional type of it, and analyzed with argument
structure for connecting to cognitive information. With the proposed grounding, the cognitive information is encoded to sentence
form and stored in sentence memory with object descriptor. Sentences are retrieved for answering questions of human by
searching temporal information from the sentence memory and doing spatial reasoning in schematic imagery. An experiment

shows the feasibility and efficiency of the spatiotemporal grounding for advanced service robot.
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Fig. 1. The concept of language based cognitive system.
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(1) Ele went to the back of Raby at 6.
(2) (S (NP Ele) (VP went (PP to (NP (NP the back) (PP
of (NP Raby)))) (PP at NP 6))) .)
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(3) A new object appeared.
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(4) The name of the object is Ele.
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Table 1. Types of sentences.

Types Parsing rule Examples
Declaratives S—NP VP The name is Ele.
Imperatives S—VP Stop it!

Yes-No Does Ele go to the
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When does Ele go to
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(8) He gave an apple to her at 6.
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table 2. sentence memory and sentences.
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Fig. 3. Input images.
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Table 3. Object descriptor at si.

. Current Pose
Object Label Shape Color
* ¥ 9
01 Pupy Yellow 129,51,-8.1
02 Rabi Green 77,72,-149.0
03 Caty Blue 146,141,-171.0
04 Ele Red 210,49,-118.6
o EAE WAAZIL g o8 et A doje 2

3

Y B3NS Aol Bt F28.
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Fig. 4. The objects of schematic imagery.
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Table 4. Sentence Memory of the experiments.

# Time Module Sentence

A new object appeared at

Si | 9-10:40:15 v
129,51,-8.1

S, |9-10:40:18 U  |what is the new orange object

S3 | 9-10:40:29 L |it is Pupy

A new object appeared at

S4 | 9-10:40:49 v
77,72,-149.0

Ss 19-10:40:52 U  |What is the new green object.

Se | 9-10:41:1 L (It is Raby

A new object appeared at

S7 [9-10:41:27 A\
146,141,-171.0

Sg | 9-10:41:30 U  |what is the new blue object

So |9-10:41:46| L |It is Caty

A new object appeared at

Sio | 9-10:41:57 \'%
210,49,-118.6

Si1 19-10:42:01 U  |What is the new red object

Si2 | 9-10:42:37 L It is Ele

Si13|9-10:43:56 V  |Ele went to 170,-8,-63.4

S14 | 9-10:46:29 V  |Caty disappeared

Si5 [ 9-10:51:55 \4 Ele went to 123,142,-131.8

Sis| 9-10:52:8 | 'V |Caty reappeared at 201,30,-163.4

When did Ele go to the back of

Sl7 9-10:54:4 L
Pupy

Ele went to the to the back of

Sis | 9-10:54:9 U
Pupy at 10:51

Sio [ 9-10:56:22 L |What did appear last

S20(9-10:56:27| U  |Ele appeared last

$”[9-10:57:47| L  |What is foremost object

S22 {9-10:52:51 U  |Caty is foremost object

ek A9 oS EH3IAT(S0,S)
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25
¥ 1. Penn Treebank2] £ g4 o] e 273
Table 1. Penn Treebank syntactic tagset.

1. ADJP Adjective phrase

2. ADVP Adverb phrase

3. NP Noun phrase

4. PP Prepositional phrase

5.8 Simple declarative clause

6. SBAR Clause introdued by subordinating conjunction or 0

7. SBAEQ  Direct question introduced by wh-word or wh-phrase

8. SINV Declarative sentence with subject-aux inversion

9. SQ Subconstituent of SBARQ excluding wh-word or
wh-phrase

10. VP Verb phrase

11. WHADVP wh-adverb phrase

12. WHNP  wh-noun phrase

13. WHPP  wh-propositional phrase

14. X Constituent of unknown or certain category Null
elements

1. * “Understood” subject of infinitive or imperative

2.0 Zero variant of that in subordinate clause

3. T Trace-marks position where moved wh-constituent is
interpreted

4. NIL Marks position where preposition is interpreted in
pied-piping contexts.
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Table 2. Thematic roles of arguments.

1. 3) 9] (agent) 07} 71&3e PHE Jx=HoE go
7Ie A

2. I A|(Theme) o7t N1gde FYR U3 HsE F
= A

3. AEAEs o7t IEdhe BAA A8F dHE

(Experiencer) Ae A

4. T7(Instrument) Zol7} 7iEshe F9loA AHRE =F

5. AZ(Locative) %ol7} Zigdhe 97t PR *

6. =¥ (Goal) o7} 71&she A7t FEA = X

7. Z(Source) o7} 71&ss FNA AV 34
S

8. F=8]xWBenefactive) &7} 7|&she WYSZHE FIHE v
A

9. AF9(Causer) o| AL dodle A

10. FHALGA|(Causee) AMFSol] ofafx] gojuk= 2
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