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TASK DEFINITION

We evaluate the agent’s ability in predicting dialogue moves from humans as
well as generating its own dialogue moves and physical navigation actions.
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MOTIVATION

Current vision-and-language navigation (VLN) setups only reflect partial and
simplified challenges compared to those faced by autonomous vehicles (AVs),

which navigate in highly dynamic environment with continuous physical con-
trol. When unexpected situations arise, agents should collaborate with human
operators in the form of spoken dialogue. It’s thus important to empower AVs
with the ability to harness human knowledge and expertise and to enable nat-
ural language communication and collaboration in tackling unexpected situ-
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ationS- In this Work/ we Seek tO enable AVS tO naVigate in Continuous and Human Dialog Move/Slots Dialog History fi"e“ Eleven (SE)  Agent Dialog Move/Slots Physical Action/Arg Observation History
. . . . . d, {s,v} <UL LUR > e d, {s,v} p,_,. @ of
dynamic environment, and communicate with human through sensorimotor = N
groun d e d di al o) gu e. QueryYN (A:UTurn,L:SE) E @ are you able to makeau-tur:ot:) ;::atnt ;ll::::“: -
Acknowledge _!_ okay
Instruct (L:Ikea) '@ let’s just go to ikea first then. |
ENVIRONMENT AND HUMAN STUDIES = i
S Qi hereacmally, o e today because Mucfie |
. :==============================2k=a__y.=§_ Acknowledge JTurn (+90) ---Q
We developed a novel framework, Dialogue On the ROad To Handle Irregular tnstructuonu | | @ makea wuen some poin i seep
. . uery¥YN (A:UTurn) |2 is that possible? ! ar
Events (DOROTHIE) upon CARLA [1] to study situated human-vehicle commu- - . k jesido.ss Repiyy rozni0)
uery (A:UTurn) | can you make a u-turn now? I urn
nication based on the Wizard-of-Oz (WoZ) setting. We extend the traditional = 2cmoseds T .
NSTrucCt(A:JTurn,Str:Murfin) | then we are gonna turn ri t to murfin avenue. I op
single-wizard to a duo-wizard setup approach by introducing a pair of Wizards. eeeemeoomooeeeeooo o Okarepl|  Acknowledge e
but are we still going to ikea?4p | Check (L:Ikea,stat:0ngoing) JTurn (0) - --
ReplyN i!no, I
Clarify (u:sE) '@ take me to seven eleven. JTurn (-90) - - - Ol
QF° !% Turn right and stop by seven eleven. . okaygs Acknowledge JTurn (-90) - - -
' D " i think we are at seven-eleven.4y | [ Explain (L:SE,Stat:Complete) Stop
f h. Okay, i will turn r1ght when the llght turns green. E:/ o OO i:' T=== where shall we go next?ﬁ: QueryW (L:Queried)
e it T e e el A Clarify(stat:Ongoing '©® um not yet.
i <Message>: This is annabel, i’ve bought drinks for us i Instrch((A:Start,A:St:p) '@ move E_({_Y&chf alittle bitand stop. |
already. Just come directly to my place. : S 2 Acknowledge Start
sl D i : QueryYN (L:House) | '@ can you take me to annabel’s house? | Stop
| ok !% Oh forget about it, turn left and go to annabel’s house. where is annabel’s house°w QueryW (L:House)
O . - : ) ReplyW (A:ianeroliow, Str:puttiela) !so let’s just go straight on duffield ave,
" Sure, but i don’t know where annabel’s house is. :& .! ReplyW (a:JTurn,Str:Upland) ' @ and turn right onto upland.
Wit !% Okay , SO you first make a left to Duf f 1eld Avenue erseaa) Explain (a:JTurn,Str:Upland) i_;]ﬁ_5]12:'&}'6'&'{{[;I{_Eflgi}?}'é'ﬁ;l}fﬁ;i_'_'_'_'_'glg'y:'g" iekmomedse
 Message Message Human Speech | I [Speech HUMAN  oavrastommnseeroen | | g oonimee stright unet fuller
Prompts Interface | Utterances Recognizer I | Recognizer Utterances okay. 5 Acknowledge Start
A Task I = e I:structm:swp) Qstop, i
h — l1alogue Explain (stat:Complete) :_!_51115 isie. .~ : Stop
C angeSAD' StOI'YbOaI'd = > Interface I_’ % | where shall we go next? &5 ! QueryW (L:Queried)
A | Y Y Y 5
[ Ad-Wizard' ] l Participant ! l [ Co-Wizard © ]
I X |
. A .
Envrommen el COMPUTATIONAL MODEL AND EXPERIMENTS
—— We present Temporally-Ordered Task-Oriented Transformer (TOTO), a
! omple e ! m— L { I'SC I I 1
Aerial View |} IS S Camera i | Aerial View ! \ Transformer-based baseline.
o= | et ! Intended
<— Goal& Next Location, Goal Location ~ Physical Action/Arg Dialogue Move/Slots Dialogue Move/Slots
% Trajectory | Belief Head ] Control Head ] ( Speaker Head ] Listener Head
. 4 \ l Multilayer Transformer Encoder
Enui t . . L
"g;,’;f,fg"gf " Simulated Environment (CARLA) < Plj,f,i‘e,, Concat
Temporal Embedding
. . . . . ! | T T T T
* The naive participant communicates with the vehicle to visit goal locations Map ] [Look Up] [ Action ] [Dlalogue] [Look Up] [ Vision ] [ Speech ] [ Object ]
. . . Encoder Table Encoder Encoder Table Backbone Encoder ) (Detector
specified in a storyboard. } ¥ ¥ f ¥ f f ¥
] . . . K Acti Di Traiecti .
e The Cooperative-Wizard controls the agent’s behaviors and carries language Map nowledge Seon lalogue rection.  Vision Current . Current
. . . s T . istory History History History Speech ~ Observation
communication with the human participant to jointly achieve the goal. Long-Term Long-Term Short-Term Situation
e The Adversarial-Wizard controls the environment and task interface and in- Semantic Memory Episodic Memory Working Memory Awareness
troduces unexpected situation on-the-fly.
We summarize the experiment results in the table below.
Physical Actions Args Descriptions
LaneFollow - Default behaviour, follow the current lane. Model y U,AfN (Seegll) o IT:N (Seegll) i NfDA(Sezn) .
LaneSwitch Angle (Rotation) Switch to a neighboring lane. Ove AcE ot Ove Acc ot ction Ace. Act-Arg Joint Acc.
JTurn Angle (Rotation) Turn to a connecting road at a junction. TOTO 40.9(43.9)  36.9x0.0)  292(x07) 99.T(x02)  41.2(125) 36.0(43.4)
UTurn - Make a U-turn to the opposite direction. TOTO (+ Belief Tracking) ~ 39.5(425) 37.0x01) 288(x00) 55.7(x02)  40.7(134) 34.0(+4.7)
Stop - Brake the vehicle manually. TOTO (- Action History) 30515  36.9x00) 235@1n  55.7x00)  27-6(1o.8) 24.6(14.0)
Start . Start the vehicle manually. TOTO (- GT Transcript) 39.8(+1.09) 36.9x01) 292108y 55.6(x01)  40.4(43.4) 31.6(14.3)
1-3 SpeedChange Speed (+£5) Change the desired cruise speed by 5 km/h. TOTO (- Object Detection) ~ 42.5(125) 37.0(102) 304107y 55.8(x0.1)  39-2(13.5) 34.4(15.8)
LightChange Light State (On/0ff) Change the front light state. TOTO (- Vision History) 4194130  37.0w02) 291105  55.8(102)  42.0(x31) 36.1(+4.0)
. o g TOTO (- Current Speech) 35'1(:|:2 7) 36.7@20 5) 29.9(:|:0 9) 55.9@20 2) 39°7(j:1 9) 33.7(:|:3 0)
Mental Actions Args Descriptions ‘ ‘ ‘ ‘ ' ‘
5 P TOTO (- Map Knowledge) 42'6(:|:1.2) 36'9(:|:0.0) 29.3(:&0.9) 55.8(:|:0'2) 44.6(j:3_3) 39.1(:|:3'3)
PlanUpdate L}st[Junctlon ID] Ind%cate intended tra]ectory towards a destination. Episodic Transformer 36.6(13.6) 370102 294112 55902  40.0(ins) 322240
GoalUpdate List[Landmark] Indicate current goal as an intended landmark. Fine-tuned BERT 66.8(100) 249155 527(110) 4600105 3240110 16.2(12.7)
StatusUpdate Tuple[Landmark, Status] Indicate a change in task status. UIN (U REN (U NED (U
KnowledgeUpdate X,y Guess the location of an unknown landmark. Model (Unseen) (Unseen) , (Unseen) .
: Move Acc. SlotF1  Move Acc. SlotF1  Action Acc. Act-Arg Joint Acc.
Other - Other belief state updates.
TOTO 492130 262x00) 31017 54007 45.8(1s8) 411 (1og)
e TOTO (+ Belief Tracking) ~ 47.1(435  26.2(x0.0) 29-0(42.0) 5370 47.6(14) 38.8(£3.1)
_@( TOTO (- Action History) 35.5(+3.2)  26.1(x0.1) 28.2(439) 54.8(40.0) 36.8(+0.8) 36.0(+1.7)
TOTO (- GT Transcript) 46.7(:&2.4) 26.2@:0.0) 31-6(12.6) 54-2(:|:0.8) 46.2@:5.9) 37.6(:&6.9)
Goal Delete TOTO (- Object Detection)  50.0(41.8y  26.2(10.1) 32.7(422)  953.8(1+1.2) 45.7(45.2) 40.3(+5.4)
TOTO (- Vision History) 48. 7123y  26.2(10.1)  3L.5(x29)  954.3(x0.7) 45.9(44.2) 42.3(43.5)
+Q,( - TOTO (- Current Speech) 42.8(+2.5)  20.8(x0.3)  33.8(x1.4) 991104 46.5(+4.9) 39.4(45.2)
@ TOTO (- Map Knowledge) ~ 48.241.0)  262(101) 31.9(119) 549108 517134 46.0(14.0)
Goal Add Episodic Transformer 45. 1438y 26.1(x0.1) 334(x22) 547103 46.6(+3.3) 37.0(+5.9)
QJ ( @"-ﬁ? Fine-tuned BERT 67.2(:|:1_5) 16.2(:|:3_5) 57.0(:|:0'9) 46.9(:|:2_2) 37.1(:|:1.5) 19‘6(:|:3.6)
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DATASET

Overall, our preliminary experiment has shown that the tasks are challenging.

® TOTO is able to handle all tasks uniformly on both the seen and unseen splits
of the test set, and outperform the majority of the unimodal baselines;

 The finetuned language model only masters dialogue move tasks and the
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