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Research on the Autonomous Vehicle HMI Content Message
Development based on User—-Centered Context Analysis Method
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Abstract

The Human-Machine Interface(HMI) primarily provides driving assistance and vehicle status information. This study
aims to define 'content messages' and develop HMI design elements that help passengers in autonomous vehicles
accurately perceive vehicle status and conditions. A context analysis method was proposed to identify situations where
content messages are needed from the user's perspective, leading to the derivation of 14 content messages and a total of
27 content message sets. The result of the research, the content message development framework can be effectively used
to derive the content messages that need to be displayed to users when autonomous driving scenarios are expanded.
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Fig. 2. Context-based contents message development
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[Phase 1] “Analysis of use-case context”
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This study derives user-centered contents
message by analyzing the context of 12 core
use-cases from previous research, using a
method that examines entity interactions to
identify necessary message through the user
responses,

i

[Phase 2] “organize structure of message”
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In this study, defined the components of
contents messages to transform Information
into contents, based on the user perception
system.

[Phase 3] “Deriving Contents messages”
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context analysis into 14 contents message.

[Phase 4] “Deriving Contents message sets”
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Develop vehicle-specific contents message
sets by applying the contents message to the
12 core use-cases. The 27 contents message
sets are explained through task process charts

how user responses can be influenced.
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Fig. 3. Process to design a content message set
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| No. | Message contents c

LI\//I 01 | Message to way in IG ] IG
LI\//I 02 | Regulated speed message for way in roundabout ] Safty
m 03 | Lane change message for efficient driving ] Location
LI\//I 04 | Message that recommends slowing down ] Safty
[I\//I 05 | Message to notify that vehicle need to pause ] Safty
LI\//I 06 | Message to way in roundabout ] Location
Lr\//l 07 | Message to way in T-junction ] Location
LI\’/I 08 | Message to way in Intersection ] Location
Lr\//l 09  Message for maintaining distance between vehicles ] Safty
LI\//I 10 | Message to way out roundabout ] Location
Lr\//l 11 | Message to way out T-junction entry ] Location
LI\//I 12 | Message to way out Intersection ] Location
LI\//I 13 | Message to Way out IG ] IG
Ll\//l 14 | Message to indicate the vehicle's safe driving status] Location
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Fig. 5. Contents messages and type categorizing
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a8 6. 2HX HAIX| MFE Y 7|E
Fig. 6. Detailed contents message type criteria
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Fig. 7. Combining user recognition system elements
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+ CAV : Connected and Automated Vehicle ~ * CHV : Conventional Human-operated Vehicle

Content message application table corresponding to contextual scenarios

Use-case . . . Contents Message Content
lassificati Detailed title Vehicle message
classification MO01/M02 M03|MO04 MO5 MO06(MO07 M08 M09|M10|{M11 M12/M13|M 14  Set
1 | CAV enters roundabout alone | CAV (@) o O O o M.set 01
] CAV o| o o o o M.set 02
2 | CAV enters roundabout first
CHV O O O O O o M.set 03
CAV O O o O O o M.set 04
R CAV enters between
1 Way in 3 rotating vehicles CHV1 o o o O O M.set 05
Roundabout CHv2 | O | © o o| o o M.set 06
CAV1 O O O O ¢] M.set 07
Y ety ana T | CAV2 | © | © oo oo o M.set 08
4 the next CAV enters CAV3 o fe) o) (e} ©) M.set 09
a deceleration state
CHvV O O O O O o M.set 10
1| ston signal miersectongione | CAV_| O o o o o M.set 11
Support for 2 CAV turns _\eft first at CAV o o o o ° M.set 12
2 Unsignalized non-5|gnal intersection CHV O O O O O M.Set 13
Intersection CAV (¢] o (@] (¢] o O M.set 14
pass 3 CAV avoids turn queues CHV1 (e} O o O O M.set 15
CHV2 (6] O o O O o M.set 16
CAV o O O o o M.set 17
CAV turns left first at
X 1 non-signal intersection CHV1 © © © © © M.set 18
N “°::f;i';‘1;’l‘i;%”a' cHv2 | o o oo M.set 19
Intersections CAV turn left with cHv2 © © © © M.set 20
2 no left-turn signal CAV (e} O O o O o M.set 21
between opposite vehicles.
CHV2 o o O O M.set 22
Right turn Y reaonaiene | CAV_ | © o ° ©|©° M.set 23
" s t for safe right ti CAV (¢] (¢] (0] (¢] O M.set 24
_atsignal | o | SO e
4 intersection priority vehicle CHvV O o O ©) M.set 25
no right turn
(traff?c light) Immediate right turn CAV1 o o o o ° M.set 26
9 3 of CAV with intent sharing CAV2 o o o o M.set 27
o T —
a8 10, w2a70lA A ZEX oAX] HE
Fig. 10. Table of contents messages applied to each vehicle in the use-case
Task analysis representation model example
™ Recognition Command Information Content message Stable feelings. Inestable feelings Supplementary explanation of >  e——— CAVresponsedueto  O------- » Interaction between IG service messages
(, information ‘ for IG Services component and thoughts and thoughts user's feelings and thoughts Procedure 1G service command and user emotions and thoughts

Example of applying a specific content message set (M.set 14) to the CAV of U2-3

Task flow with Content message Set
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cav : : i 1 1
i ; : (o3 (o ] o8 )
Message Sompee i = Lane change GUI = Siowdown U1 = Gul that way = GUl thatway ot =10 Comectantemton
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SR | 2 Notfcation sound effct announcement voice sound effect > Notification Notification 15 comnction terminaton
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User R chang Lt
i Siuaton. intersection
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intersection soon, the (G service and oo irere e [ ein oot you e ey Tseton
SEICELRIEEID G e vehices nfrontoft. | didnot deceerate eve e I have tobe
Inestable Lt though it was stationary. careful about driving.

There's a car
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it slowing down?

a2 11, 2HX HAIX] MEE HE3EfAZ E22 oA
Fig. 11. Example of task flow in a use-case with applied contents message set
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