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A Robot System that Interacts with Human using Facial
Expression Recognition and Motion Generation Model

A2 s =1
$2E

Ho-Joon So

@A g
ng!, Ji-Hyeong Han'

Abstract: When people empathize, nonverbal communication such as facial expressions and gestures
is more weighted than language. Therefore, in the human-robot interaction (HRI), it is important for
robots to recognize and understand facial expression of humans. This is because it helps emotional
communication and alleviates the psychological distance between robots and humans. In this paper,
we introduce the robot system using facial expression recognition and motion generation models for
interaction with human. It recognizes human emotions using POSTER++ based on Vision Trans-
former (ViT) and generates motions using FLAME that is developed to utilize diffusion model. In
our scenario, we first perceive facial expression by POSTER++ and generate appropriate reaction
texts using text generation model, Gemini Al. Then, we input the generated reaction text into
FLAME to obtain 3D motion data, and the data is used to get arm joint angles that is calculated for
Forward Kinematics (FK) and Inverse Kinematics (IK). Focusing on scenarios involving human
interaction, we only use the head and arm motors of the humanoid robot, HUMIC. Furthermore, we
simulate scenarios to verify that our system can recognize facial expression and show various

reaction motions.
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[Table 1] The performance of ViT models on Facial Expression
Recognition

Model Date RAF-DB (%) | AffectNet (%)
TransFER May. 2021 90.01 66.23
APViT! Dec. 2022 91.98 66.91
POSTER Apr. 2022 92.05 67.31

POSTER++ Jun. 2023 92.21 67.49
S2D Dec. 2023 92.57 67.62
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[Fig. 1] Architecture of POSTER++. In this model, first it has
each feature extraction. IR50 extracts normal facial image
features and MobileFaceNet extracts facial landmark image
features. Then, landmark features guide to focus on salient

regions of facial expressions by cross-attention. After com-
bining the 3 different sizes features, it train by ViT
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[Fig. 2] This is the framework of cross-attention mechanism.
Facial landmark features interact with vanilla facial image
features as queries of the landmark features. So, keys & values
of the image features and queries of the landmark image features
are combined
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[Fig. 3] Architecture of FLAME that achieves SOTA per-
formance. In the FLAME, 3D motion data is noised until time T,
and then denoised to learn the 3D motion data. It has TS
(Diffusion Time-Step) Token contained frame information and
ML (Motion-Length) Token that is total length of motion. And
the context used as a condition is extracted through RoBERTa
by referring to the Classifier Guidance module
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[Fig. 4] T-pose Definition of 24 Joints Human Model. It is initial
pose of human model, and has translation of root joint, rotation
quaternion of each joint. We can obtain position vector of each
joint by calculating chain of matrix multiplication
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[Table 2] Total specification of humanoid robot HUMIC

Parts Details
Weight 98 kg
Height M'(.J.x.imum 1.60 m
Minimum 1.10 m
RGB-D Camera Kinect V2
Head Neck H54-100-S500-R
Head H42-20-S300-R
Arm Dinamixel Pro Manipulator-H (6 DoF) x2
Hand OpenBionics Brunel V2 (9 DoF) x2
Motor Controller OpenCR 1.0
Body CPU Nvidia Jetson AGX Xavier
Router IpTIME A7004M

Programmable Mecanum Wheel

Mobile Platf
obile Platform Vectoring Robot - IG52DB

) MCU Arduino Mega 2560 x2
Mobile | 6 Cotumn STC500700
Motor Driver SZH-GNP521

Proximity Sensor HC-SR04P x4
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[Table 3] Limit Angle of Each Arm Joint of HUMIC

Joints Limit Angle
Shoulder -180° ~ 180°
Upper Arm -90° ~90°
Elbow 0~90°
Lower Arm -180° ~ 180°
Wrist -90° ~90°
Hand -180° ~ 180°
[Table 4] Each Arm Link of HUMIC
Parts Link
Shoulder ~ Upper Arm 29.7 mm
Upper Arm ~ Elbow 285.05 mm
Elbow ~ Lower Arm 244.81 mm
Lower Arm ~ Wrist 324 mm
Wrist ~ Hand 129.6 mm

[Table 5] The specification of Kinect V2

Resolution 1920 x 1080
Color fps 30
Field of View 84.1°x 53.8°
Resolution 512 x 424
Depth fps 30
Field of View 70° x 60°
Depth Mesuring Range 0.5m~45m
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[Fig. 5] Block Diagram of our proposed HRI robot system.
There are three processors: laptop, Nvidia Jetson AGX Xavier,
and OpenCR 1.0. In the Laptop, it can turn on/off our system
and simulate the HUMIC using both arm manipulators. In the
OpenCR 1.0, it just controls neck and head motors. And the
other nodes (Face Detection, FER, Text Generation, Motion
Generation, Robotics) operate on the main processor

[Table 6] ROS node descriptions of our HRI robot system

Node Description
Laptop Button Robot system on/off
Main System and image process
Face Detection Face detection
Direction Calculation | Human direction calculation
AGX FER Facial expression recognition
Xavier | Text Generation Interaction text generation
Motion Generation | Interaction motion generation
Robotics Forward and inver§e kinematics
calculation
OPT%CR Neck Operation Moving robot head direction
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[Fig. 6] Flow chart of our proposed HRI robot system process.
There are 3 main processes. (a) Face Detection Process : Detect
a human face nearby and focus on that person’s face (b)
Emotion-Motion Process : Recognize human emotion on
POSTER++, Generate and receive appropriate reaction text to
emotion on Gemini Al, Generate and get from reaction text to
motion data on FLAME (c) Robotics Process : Obtain each
joint’s angle to calculate FK and IK and control on Gazebo
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[Fig. 7] Flow chart of the basic node process. This process first
initialize variables, and then check whether a message is
subscribed. If it has been received, the flag on. After this, the
node process received data and publish some messages. After all
the processing, the flag off and the node wait for data to be
subscribed
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[Fig. 8] Flow chart of the Face Detection & Tracking process.
This process first calibration RGB and depth cameras from
Kinect V2, then get RGB and depth images. Second, it detect
faces and focus on a person’s face inside 1.5 m. If the face is not
in center, it caculate which direction to move and then operate
neck joints. Finally, when the face is in center, publish the face
image for FER node

N
h

Mo o4

2424 T2AANE 9] A w2t
o} 212 Alte) 2 of sl A 2R 4L 214
T, Q_x]@-zjz()%gqi HS el A E 2 XY A5}
Lre = A o & A= B X
[Fig. 9}= A78- A Z2AAE AAS] 7]&Stch

B QA LEoA= AffectNet Hlo[EAlCE SR5H
POSTER++ 2E-& 53] AFe] 37gS QRIS POSTER+
oM=L= oA 112 x 112 A7] &2 JFH7] giizo] 44
W2 A o]m| %] 9] 27|15 A £ T F POSTER++]| ?Qf’aﬂ?}
c}. I8 2 U Eof 4] IR50, MobileFaceNet, ViTS AX 7+
3 AHE =TT ofuf 7ol FAgo] ofd A7 of
7HA] 75k, th/de] the 78 AFEi7E =W ol & £ A4
o A,

3 A rEo A= 229 A 2El Gemini AIE &
o SBEE WAl U, E AR oed 1
AR ole FollA] AR TEEE WS A8k
e e
[Table 7101 71&= ] At} ZAE(Question), tHE(Answer) I
o= 2+ <234 (Emotion)’, ‘¥1-3-(Reaction)’& e 4= Q1A
3}, olt] AT S Shof Sol7ke A ol sht AR
B} o2 Sol, &8 ol ke 74 Atele ATThe Gemini

9
2

fr

ol
el

o o ol-n
Pl

o, rlr
o o I
ox,

E
i)

I:l

Subscribe
Face Image

!

Resize Face
Image

Wait
Command On

!

Input Emotion
to Question
Format

I ]

POSTER++ Gemini Al

I

Input Answer

yes no )\
to Reaction
Format
End

(a) (b) (©

[Fig. 9] Flow chart of the Emotion-to-Motion Generation
process. This process obtain from emotion to 3D motion data.
(a) FER : This node recognize the human emotion from the face
on POSTER++. (b) Text Generation : If the emotion is not
neutral, this node received reaction text from Gemini Al and
input the reaction text into our text format. (¢) Motion Gene-
ration : This node generate 3D motion data to input the text
format on FLAME. If FLAME is operating, it does not receive
the reaction text, and if the motion is simulating, FLAME does
not publish new motion data to Robotics node
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[Table 7] Each Arm Link of HUMIC

If my friend is {Emotion}, what kind of movement

Question would I do with my both arms? Pick one and tell me.

Answer A person {Reaction} with his both arms.
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[Fig. 10] Flow chart of the Robotics Process. This node is first
convert quaternion into rotation matrix, then calculate FK to
obtain each joint’s position vector. After calculating FK, 1K
from Collar to Elbow and from Elbow to Hand. Finally, each
joint angle is published into Gazebo to simulate the motion
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[Fig. 11] T-pose Definition of FLAME and HUMIC. (a) T-pose

of FLAME : It has 24 joints and its arms have each 5 joints. (b)
T-pose of HUMIC : It has 17 joints and its arms have each 6 joints
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[Table 8] Kinematic Tree Definition of each FLAME and
HUMIC model

Model Kinematic Tree Definition

00 Pelvis
L01 L Hip
L 04 L Knee
L07 L _Ankle
L 10 L Foot
L2 R_Hip
L 05 R Knee
L 08 R_Ankle
L11_L Foot
L 03_Spinel
L 06 L Spine2
L 09 L Spine3
L 12 Neck
L 15 Head
L 13 L _Collar
L16_L _Shoulder
L18 L Elbow
L20 L Wrist
L22 L Hand
L 14 R Collar
17 _R_Shoulder
L19 R_Elbow
L21 R Wrist
L23 R Hand

FLAME

00 Pelvis
L01_Spinel
L 02 L Spine2
L 03 L _Spine3
L 04 Neck
07 _Head
L 05 L _Shoulder
08 L Upper Arm
L 10 L Elbow
L12 L Lower Arm
L14 L Wrist
L16 L Hand
L 06 R _Shoulder
09 R Upper Arm
L 11 R Elbow
L 13 R Lower Arm
L15 R Wrist
L17 R Hand

HUMIC
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[Table 9] Our system development environment for laptop and
Nvidia Jetson AGX Xavier

Laptop PC Nvidia Jetson AGX Xavier
oS Ubuntu 20.24 LTS JetPack 5.1.3
Python v3.10 v3.10
ROS Noetic Noetic
CUDA vi2.1 vil4
PyTorch v2.3.1 v2.1.0a
PyTorch3D v0.77 v0.75
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[Fig. 12] Results of face detection process

[Fig. 13] Results of FER using POSTER++

[Table 10] Reaction text of each emotion from Gemini Al

Emotion Reaction
Hug (36) Shrug (17) Clap (14)
Happy | High-five (9) Thumbs up (8) Wave (7)
Raise (5) | Double high-five (2)
Sad Hug (100)
Surprise Shrug (53) Clap (2) Spread (2)
Fear Wave (63) Flail (15) Shrug (7)
Hug (4) Flutter (2) Fee (2)
Disgust Shrug (50) Wave (7) Push away (2)
Angry Hug (91) Shrug (6)
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[Fig. 14] Motion simulation results of each Emotion. (a) Happy
- Raise (b) Sad - Hug (c) Surprise - Spread (d) Fear - Flutter (e)
Disgust - Push away (f) Anger - Shrug
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[Table 11] Survey of satisfaction about reaction motion for each
emotion on our proposed HRI robot system

Emotion 5 4 3 2 1 | Average score
Happy 2 4 2 2 0 3.6
Sad 3 6 1 0 0 42
Surprise 0 1 7 1 1 2.8
Fear 0 2 3 5 0 2.7
Disgust 0 1 6 3 0 2.8
Angry 3 5 0 1 1 3.8

[Table 12] Survey of satisfaction with robot service

Category Question Average Score

. ... | The emotion recognition is accurate. | 3.8

Reliability - - 3.45
The robot response is appropriate. 3.1
The robot service is satisfactory. 44

Response - 3.6
The robot response is fast. 2.8
. The robot system is reliable. 35

Certainty - 3.8
The robot system is helpful. 4.1
The robot sympathizes with me. 3.8

Empathy - - 4.15
The robot is focusing on me. 4.5
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