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Executing various commands in various environments requires a robot system with high generalizability
and adaptability. We report a case study of a robot system that integrates several foundation models (CLIP,
Detic, GPT, Sentence BERT, and Whisper). In particular, we discuss the performance of the built system
on the subject of General Purpose Service Robot, one of the competitions of RoboCup@Home, which is held

for the technological development of home service robots.

Our robot system won the competition with a

perfect score in each category, verifying the system’s effectiveness.
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Table 1 Foundation models and their application

Foundation model ‘ Application

Whisper Speech-to-Text
GPT-3 - GPT-4 Task planning
Detic Object detection * Environment recognition
CLIP Object classification * Environment recognition
Sentence BERT Environment recognition
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Fig. 1 System overview. Our system outputs an
LLM plan from a command (blue) and an object-
location mapping from the environmental infor-
mation (yellow). The system finally outputs an
executable plan by integrating the two (green).
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(a) The output of object detection

Small object

Edge object

Fig. 2 Results of object recognition. Three filters are
applied to (a) the object detection results, then
(b) the object classification results are output.
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Fig. 3 Executing GPSR task. A human moved the
location of a lemon during the first command
execution. HSR updated the environment infor-
mation and executed the second command con-
sidering the lemon’s shift in location.

Table 2 Accuracy of foundation model-based mod-
ules and command completion rate

Foundation model-based module | Number of trials | Accuracy

Speech recognition 25 92.0%
Task planning 23 91.3%
Object recognition 17 94.1%
Command completion rate ‘ 23 ‘ 52.2%

1719578, 2HEHDa~<> F (Bring me a lemon.)
T, lemon DNMERIEL L HEFRL, BEIROMET
5 shelf i2F s —>a L.

5. #&R

F &% 2023 4 3 HICTH I CTHIf#E X #2172 RoboCup
Japan Open 2022, 2023 4 5 HICUE CTHME X iz
RoboCup Japan Open 2023, 3 X f 2023 £ 7 I
1L+ RV R —TCREfE X 1172 RoboCup 2023 D@ Home
DSPLZBINL, RS AT LDOMREFHIE % 1T - 72.

3ARRBUT 23 a~ ¥ FITHEL L 72455 % Table 2
WY, HEHCHD, EEEEOTEHCIEa R
OEZHD & a~vy FETHOBEID 280, Yk
kD5 \lbdi MRERHRE LB T5a° 2 FDA
%a@t Fiz, BRIV T o5v=vreavwy RER

DI L =2 Toa~x Y FThh, X7 T
SV WRRBLEr—Ab ax Y REERD TR

ZED. RUHIER, BB X YRR
&I\‘@% Eﬁ)IEL<uLE&L7LZEtKL7L %ﬁk‘%
YLz RRIV T2 7%, NEB#YR T
FrHEIL=d0Rme L, a~vy RERRIIT, &
BRETaASY FERITLENLGEDAZRIIE L.
i, HSR AEREMMCABOFTZ2ER L Ta~ v K
FITEMBE LGS e L.

KRz, RoboCup Japan Open 2023 D 5 b7 4 7L
HTX, 1070%IRKFMNIC3 a<> K (1 8747
NHEHDERIE3a~wY R) 2@TEEEXRTZIEH
TE, #7aV 2 EHHEINC4HT7aVHD, FLn
EizHh TV 0, h7avV 1, H73aV 2, H73aV 3
Ek2) OMiRTH2 170 RS L. 7, Bk
FE3R1Z, RoboCup Japan Open 2022 T GPSR &R
HoN, A 3L, RoboCup Japan Open 2023 Tk
GPSR #9585 1 iz, #8&EF, 3 XU RoboCup 2023
TlZ GPSR EME 27, MAHEINMNTH - 7=,



RSJ2023AC1K4-01

41

175 g
150 ® Our team
® Other teams
125 ®
9100 =
8 75
)
50 - é' o
251 @ g °
® @
0 o & ® @ &

rc2017 rc2018 rc2019 rc2022 rcj2022 rcj2023
Competition
Fig. 4 Comparison with other teams in GPSR. Blue

dots show other teams’ scores, and red dots show
our team’s.

Table 3 Causes of command completion failure and
percentage of failed commands

. ) Number of Percentage of
Causes of command completion failure

failed commands | failed commands

Failure to execute skill functions

11 27.3%

using foundation model-based modules
Failure to execute other skill functions 11 63.6%
Time-out 11 9.1%
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