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Abstract

Head, uh, to the l )

kitchen, and grab a
cup. Then clean it.

wW-

head(kitchen) — 7

How do I clean a cup? ﬁ

moveTo(kitchen)

Built-In

Actions:
moveTo
pickup

//

grab(cup) > i
pickUp(cup)
clean(cup) | —— place clean(cup)

switchOn

Findings: User studies showed that participants could
successfully teach VAL to execute tasks using natural
language. This approach mitigates brittleness in
language parsing while allowing for task reusability.

Main Objectives: The paper introduces VAL (Verbal
Apprentice Learner), a hybrid Al system that integrates
GPT-based large language models (LLMs) with
traditional learning algorithms to circumvent the
limitations of interactive task learning (ITL) systems.

Contributions: The following key contributions are
made in this paper:
1) It is a neuro-symbolic hybrid approach to ITL
where natural dialogue is used.
2)  The development of a VAL system which
mitigates “cascading errors” by the use of
confirmation and undo operations.

3) Is evaluated by a user study.




Abstract

. 1. go to pot
activate the pot :
: : . —— seomentGPT ——— 2. activate the pot
twice after going to it gm 3. activate the pot

go to the pot
! mapGPT ———> “go to”is moveTo(X)
1. moveTo(X)

2. pressSpace()




Abstract

go to the pot

“go to” is moveTo(X)

groundGPT ——  moveTo(x=pot)

1. pot

2. onion
3. tomato
4. plate

5. dropoff




moveTo(X=pot)

Abstract

verbalizeGPT ——  move to the pot

move to the pot

go to the pot

> paraphraseGPT — Yes, same meaning




Abstract

COOK an onion

nameGPT —— cook(...)

€00k an onion

cook(...)

genGPT > cook(onion)

1. pot

2. onion
3. tomato
4. plate
5. dropoff




Methodology

A ing s Research Approach: Experimental design - usability
An empt)“" .pol A pot with oT\e onion souli:aﬁzlri‘very Stu dy

Orders: onion
Score: 0
Time Left: 19

Experimental Design: The authors designed user studies
Soup delivery . .
location using the Overcooked-Al game environment, where
' participants taught VAL to perform cooking tasks. They
monitored user interactions, focusing on how effectively
VAL learned tasks through clarification dialogs.

dispenser -

Agent carrying

onion

Onion dispensers Food counters
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Methodology

VAL 1546

| think these are the objects of "get an onion":
get (onion)

Is that right?

-]

VAL 15:46

Sorry about that. Could you help me pick the right objects?

get (Jonion Vv )

- a

Data Collection: Objective performance metrics, such as
success rates of GPT subroutines, use of confirmatory
dialogs, and performance of different GPT models were

collected while the experiment was conducted. The
performance of the environment was also monitored.

Subjective responses from participants regarding ease of

use were also collected from a survey at the conclusion of

the experiment.




Results

Key Findings: Most users could teach VAL effectively, although some tasks required frequent clarification. VAL
demonstrated a high success rate in understanding and executing user commands, with some GPT subroutines
achieving success rates up to 97%. Performance was better when GPT-4 was used instead of GPT-3.5

. Strongly Disagree . Disagree Kinda Disagree Neutral Kinda Agree . Agree . Strongly Agree

VAL was able to correctly perform what | asked it to
| found the display of VAL's current knowledge easy to understand

VAL processed my explanations quickly
| found the display of VAL's current knowledge useful in guiding the interaction _
| found it easy to learn to use VAL -

I didn't have to significantly re-phrase what | said to VAL _

| found my entire experience teaching VAL to be straightforward -

| felt VAL understood what | said to it

VAL learned the task without me needing to correct it often _
| |
5 4 3 2 1

« Number of Responses =




Results

Key Findings: Most users could teach VAL effectively, although some tasks required frequent clarification. VAL
demonstrated a high success rate in understanding and executing user commands, with some GPT subroutines
achieving success rates up to 97%. Performance was better when GPT-4 was used instead of GPT-3.5

GPT Subroutine Success Rate
segmentGPT 93% user approval
82% user approval (gpt-3.5-turbo)
pGRY 97% user approval (gpt-4)
groundGPT 88% user approval
genGPT 81% user approval

79% iti
verbalizeGPT + paraphraseGPT S ——

99% true negative rate




Discussion

Implications for HCI:
VAL addresses key challenges in ITL by improving the flexibility and usability of task-learning systems
for non-technical users.
Its integration of LLMs allows for more natural language instruction while ensuring that the knowledge it
acquires remains understandable and easy to interpret.

Limitations:
Limited in current state to only text input whereas other models can use gestures to help clarify
misinterpretations.
Moreover, VAL's reliance on a proprietary LLM (GPT) raises ethical concerns as it is uncertain how
exactly they work. These limitations may impact the system’s scalability.




Conclusion

Main Takeaways: VAL is a neuro-symbolic Al system that leverages GPT for natural language parsing, having
the ability to learn reusable, interpretable task knowledge from just a few examples. This contrasts with
traditional machine learning systems that often require large datasets.

Relevance and Impact: The VAL system is a significant step toward making interactive task learning more
accessible to non-technical users by means of natural language interactions. The study shows that VAL has the
potential to bridge the gap between human users and Al.
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Hearing with Noisy
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Abstract

Target speaker with interference Look once at the target speaker Only hear the target speaker

Objective: To create a system that allows users to focus on the target speaker in noisy
environments without prior knowledge of how the speaker sounds. The system must capture a
single, short, highly noisy audio clip to be used for speech extraction and enrollment.



Contributions

01

Design and compare two
enrollment methods
(beamforming and
knowledge distillation)

04

Fine tuning mechanisms
which consider the user’s
head movements and
target speaker movement

02

Implementing speech
hearing neural networks
to run in real-time on
embedded CPU

00

Training neural networks
to create generalizations
for indoor and outdoor
environments

03

Using synthetic data to
train the system'’s ability
to locate the target
speaker in the real world

06

Development of an end to
end hardware system



Left ear

Target Speaker Noisy example for target speaker Target speaker only
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Findings

-Signal quality improvement of 7.01 dB using less
than 5 seconds of noisy enrollment audio.
-Processing of 8 ms audio chunks in 6.24 ms on an
embedded CPU.

-No performance degradation compared to clean
enrollment audio examples.




Quantitative

Finding average target
speaker's signal quality
improvement in terms of scale
invariant signal-to-noise ratio
improvement (SI-SNRi) for
different scenarios.

Average runtime over 1000
forward passes

Qualitative

21 participants to take our
survey and give their opinion
to obtain @ mean opinion score
(MOS).

System Usability Scale (SUS)
questionnaire

Determining acceptable
enrollment time



User preferred
enrollment time

Users prefer lower enrollment times with 2.5
seconds or less being the most desirable
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Quantitative
comparison of
enrollment
methoo
effectiveness

Knowledge distillation was found
to be the preferred method by
users.

A low p value confirms the validity
of the results
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Noise suppression Overall MOS
(a) (b)

Figure 7: Subjective in-the-wild evaluations. (a) Mean opinion

score for the noise suppression quality reported for the raw
audio signal and the output using our two enrollment net-
works, and (b) overall reported mean opinion score. Paired
t-tests between knowledge distillation and beamforming ap-
proaches resulted in p-values < 0.001.
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[fiscore1 [Miscore2 [Mscore3 [Iscore4 [ score5

Q10. [R] | needed to learn a lot of things before | could get going with this system.

SUS 10
Q9. | felt very confident using the system.
SUS 9
Q8. [R] | found the system very cumbersome to use.
SUS 8
SUS 7 Q7. | would imagine that most people would learn to use this system very quickly.
Q6. [R] | thought there was too much inconsistency in this system.
SUS 6
Q5. | found the various functions in this system were well integrated.
SUS 5
Q4. [R] | think that | would need support of a technical person to be able to use this system.
SUS 4
Q3. | thought the system was easy to use.
SuUS 3
Q2. [R] | found the system unnecessarily complex.
SUS 2
Q1. | think that | would like to use this system frequently.
SUS 1
0 20 40 60 80 100

Proportion (%)

System Usability Survey

Prerequisite knowledge was needed, user confidence was high, the system
was cumbersome, inconsistent results, good integration of functions,
technical support was needed, the system was easy to use, the system was
unnecessarily complex and users would like to use the system again



System Performance

Table 1: Benchmarking results on the generated test set. Proposed noisy enrollment methods are evaluated with 3 different
audio/speech processing architectures. Performance with clean enrollments is also provided for reference.

Enrollment d-vector Real-time SI-SNRi (dB) Params (M) MACs (GMAC)
network similarity TSH backbone
Clean 1.0 Streaming TFGridNet 7.40 2.04 4.63
Waveformer 4.94 1.6 2.43
DCCRN 6.71 5.54 6.6
Beamformer 0.74 Streaming TFGridNet 4.53
Waveformer 2.34 ? .
DCCRN 4.34
Knowledge distillation 0.85 Streaming TFGridNet 7.01
Waveformer 4.63 " "
DCCRN 6.16

d-vector used to show similarity.
Higher d-vector is better
Higher SI-SNRi is better



Results of Fine Tuning
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Figure 13: Comparison with and without fine-tuning, when Figure 6: In-the-wild scenarios. Different scenarios in the
relative motion and enrollment angle error is present. real-world evaluation of our system.

Higher SI-SNRi is better



Implications Limitations

The system was highly e Limited user group
successful in using noisy e Inefficient use of hardware
enrollment which can ° Single speaker

improve future hearable environments

technology



Conclusion

Presented a system that allows users to focus on the target
speaker in noisy environments without prior knowledge of
how the speaker sounds using neural networks

This research showcases a method to vastly improve human
auditory perception through smart hearing devices.

Applicable scenarios include loud cities, lectures, social
events and public spaces.
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bstract

Main Objectives

2. To explore a NUI (Natural
user interface) based solution
to solve the limitations of PC

gaming.

3. To test whether the solution
lowers the learning curve for the
user.

1. To highlight the
limitations of the
current PC gaming
industry.

Identify
Problem

4. To assess the
accuracy of in-game
actions of the user’s
avatar.

—_ ‘a



Abstract
(CAMTROLLER |3

(1) The introduction of
Camtroller (NUI concept) to
solve the difficulty of
performing complex avatar
actions in traditional PC
gaming .

'

N S -

Contributions

<
>

4 User Study

(2) The result of a subject study
with non-professional players
who practiced common
operations (Basic), professional
player’s operations (Pro), and
CamTroller to gauge the
effectiveness and usability of
the NUI design concept.
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Abstract

lDifficuIty

Camtroller alleviated
the difficulty of
complex actions, and
solved memory burden
for users.

Findings

I Speed I Usability

Performance time of in- Cqu(oller achieved
game actions for significantly higher
Camtroller versus intuitiveness than Basic

traditional mouse and and Pro, lowering the
keyboard was less. learning curve.

Accuracy

Camtroller reflected a
player’s live action,
instantly to in-game

avatar. Q

®
D



Methodology

1 Research methods-

Qualitative - collecting user experiences and common avatar actions . “-'... S
Quantitative- statistical analysis of data sourced through natural mapping and motion
tracking.

O Experimental design-

Performing an evaluation test

Executing the NUI concept using CAMTROLLER in popular fps single avatar game,
PUBG.




Methodology

Data collection techniques:

QU Player Survey based on PUBG
Questionnaire (Sojump)- Distributed among users to
collect qualitative data

O Motion Selection and Analysis

Mapping human gestures and features (MediaPipe)-
Using a webcam and mouse/keystroke emulator to
map quantitative data through machine learning
software

U Observation Activity

Dil'eCt ObSGNatiOn Of VOlunteerS Who were instructed igure 2: Avatar motions in the physical world and corre-
. lsponding detectable features illustration for (a) crouching,
tO perform avataf aCtlonS —— : Il))) ncntr{il position, (c) peeking, (d) taking pills, (e) t;\king{:l

Irink, and (f) injecting drugs.




Methodology

Experimental design

O Accuracy Evaluation Test

Given that MediaPipe’s estimations for the head orientation
angles were based on newly collected data, its accuracy
requires validation

Equipment:
-Mock head model installed on a tripod with two degrees of
freedom (DOF) (CIMAPRO LD-2R) to simulate the motion of a

human head.

-Webcam (Rapoo C270AF) as an image-capturing device
connected to a laptop (Zephyrus G14 2022) where the
program is running.

Figure 5: Apparatus for the evaluation of head orientation
estimation accuracy




Methodology

Usability study:

Group 1: Basic- beginners with little to no experience in the game

Group 2: Professional player’s operation (pro)- high level of gaming experience
Group 3: Camtroller- 20 minutes training sessions for users and activities to ensure user is familiar with the equipment.

CamTroller

Figure 11: An illustration of boost items in three different approaches




Right Lateral (—\ eft Lateral

L
@) zZ

Bending Bending
Dead Zone Dead Zone
Always Always
Dead Zone Release Release

Peeking Peeking

ity Zone ~ Velocity Zone '
Trigger Right Trigger Left Velocity Zone
Peeking When Peeking When Right Peeking ; Right Peeking
When 0,5 = 60
)

city Zone

Table 1: Criteria for Different Motions D Qua“tat|ve data the maln motlons
gathered from the player survey.

Motion Criteria
Left Peeking 018 < ~Oypre & 018 < ~0pz

Release Left Peeking (0B > Oypye & OLp < =Opz) or (08 > -0p2) a Quantitative data: the angleS collected

Right Peeking O1p > Othre & 05 > Opz

Release Right Peeking (O < ~Bypre & 0.5 > Opz) or (05 < Op7) th rough motion mapping (MediaPipe)_

Crouching (Ynose > Ythre & Kehre X < kpz X Lsan,) or (Ls2n < kypre X Ls2n,) .
Release Crouching  (inose < ~Uihre & Krire X Lizn kpz X Lizn,) or (Lszn > kpz X Lizn,) Camtroller used these resulting

Jumping Yshouldery < YDZ & Unose < =Uthre

Drinking Energy Drink dhom < Adppre & Oproj > @arge CaICUIatlons for ItS teChnlcaI
Drinking Painkiller Pills dhom < Ddppre & Oproj < agman |mp|ementat|on and Ca||brat|0n for

Injecting Adrenaline dpp < My, & Uoroj > Xarge

gesture control.



ReS u ‘ tS Accuracy Evaluation Test

Table 2: The success rate of motions in feasibility validation
test

Real-time actions were
Motion Success Rate reflected through the in-game
Head Moving Up for jumping 100% avatar successfully with low
Head Moving Down for crouching 96.3% margin of error/lag time.

Head Left Bending for left peeking 100% . .
Head Right Bending for right peeking 100% Users found their motions

Head Left Rotation for free looking left 100% fluid In-game and
Head Right Rotation for free looking right 100% corresponded to the trigger
Head Flexion for free looking down 100% movements/control gestures
Head Extension for free looking up 100%
Drink Energy Drink 100%
Take Painkiller 96.3%
Inject Adrenaline 100%

* * * * * * * Accuracy



Result i
eS u S User Study data comparing each group’s performance for certain tasks.

-
o
e

QUESI Intuitiveness - Peeking task

Performance - Peeking task

i 4

4

Basic

Pro

5-point Likert Scale

Loop time (s)

CamTroller

3 » I o | T

2

1

= Mean  Subjective Perceived Perceived Perceived

QUESI mental achievement effort Familiarity  error
scores workload ofgoals of learning rate

Pro CamTroller

W W W W W W W Usability & Effectiveness



+* How it affects HCI
*Enhanced Intuitiveness
*Improved Performance
*Generalizability

¢ Limitations of paper

Open-loop control

Camtroller is unable to determine whether the motion has been initiated successfully. The approach proposed by Yu-Hsin Lin
et al. for detecting video game events solves this issue by monitoring the video, audio, and controller I/0.

v v y

DISCUSSIO



CONCLUSION

To conclude, Camtroller expands the limits of PC gaming
through NUI. It reduces the performance demand on the user.

Machine learning provides a more intuitive playstyle versus
traditional PC. This concept contributes to using Computer
Aided Design NUIs for everyday usage .
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