


SOTA Visual Reasoning

Unreleased test set

oF - Accuracy Consistency

Human
e SOTA methods

perform poorly
e CLEVR-NLVRZ?

514 515 530 512 939 performance
Majority 106 | 112 12.0 mismatch
class 0.0
N2NMN FILM  MAC-Network Object
Hu et al. Perezetal. Hudsonetal. Detection
2017 2017 2018 MaxEnt

CLEVR  83.7% 97.7%  98.9%

Accuracy and consistency are not to scale
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Realistic Environments

* Most research on
instruction following uses
simple simulated
environments

e EXisting physical

envi ronments are Simple Take watermelon, oranges, and cucumber from
aﬂd bu”t in ’[he |ab the counter. Put them ...

Chalet [Yan et al. 2018; Misra et al. 2018]

e Real-life environments are
both visually and
distributionally different



The Environment

Google Street View
panoramas

29,941 panoramas
61,319 edges

122,638 states for
discrete navigation

Hamilton Park

9

Sheep Meadow EA

Brooklyn

Battery Park

[}

Williamsburg Bri
Da Claudio

@ Manhattan Bridge
Mﬁ.@—' WILLI

The:B

o
@
=
S‘: Stage 48 Central Park Zoo @ @ ParK
wken § LENOX
295 N
SN HELL'S KITCHEN QTrump Towd
210 x I iiries square O
&/ 3 Times Square Rockefeller Centd
=0 =
= 2
MIDTOWN
tgsof The High Line ]
logy | O (&) e Empir¢ State Building !
£ 3
3 > QQ_Q
= <
The Spotted Pig B School of Visual Arts

&l :f o Q Webster Hall
/ SO
i Washington
Sl Square Park
! EAST VILL
il
glE © wmuJi soHo
&9
ks @
=2

iy
&)

AGE

Q1
9¢ @ Peter

INC

o Brooklyn




Task-tocused Navigation

* Writing task: instruct to follow a path and describe
the location of an object they hide

e The focused task makes the instruction more
natural for the writer

e Guide workers not to count intersections and not to
use text and store names

 What do we hide?






Example 1

Orient yourself so that the umbrellas are to the right. Go straight and
take a right at the first intersection. At the next intersection there
should be an old-fashioned store to the left. There is also a dinosaur

mural to the right. Touchdown is on the back of the dinosaur.




Task-tocused Navigation

* This formulation allows for multiple tasks:

* Navigation only: given instruction and a starting
point, navigate to the goal position

« Spatial description resolution (SDR) only:
given a sentence and a panorama, find
Touchdown

* The complete task: navigate first, and then find
Touchdown



Data Collection

e A seqguence of four tasks on Mechanical Turk

* Writing, propagation, validation, and
segmentation

e \Workers use a customized StreetView environment



lask I: Writing
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Task |: Writing
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‘Samuel Dickstein Plaza
New York

Turn so that the trees are
to your left. At the first
intersection, turn left and
stop.

Can’t Place
Touchdown

S
§ & £ Broadway
eooawey & &
N
adway Sfs
N Sol Lain
§$ Playground
§ 9
oHean\vee(Sememem
Henry St

NYC Center for &
oyt Aetospace and Applied

Lusenos

legiate &)




Task |: Writing

2018 Goople | Tems of Use | Report

Turn so that the trees are to | ikbabbubbdad

Place Touchdown

Can’t Place your left. At the first
Touchdown intersection, turn left and

Can’t Place
Touchdown
v—/ g stop. Touchdown is on

Sy top of the blue mailbox
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Task |I: Propagation

* Touchdown position
may be visible from
multiple panoramas

 We propagate the
location to
neighboring
panoramas

Turn so that
the trees are to
your left. At the

| first

intersection,
turn left and
stop.
Touchdown is

= | on top of the

blue mailbox

A= | on the right

Place Touchdown

Bear is Occluded

hand corner.




* Validate instruction by §

Task |ll: Validation

finding Touchdown
Easy to verity
Give bonuses to

original writer and
follower if successful

Turn so that the trees are
to your left. At the first
intersection, turn left and
stop. Touchdown is on
top of the blue mailbox
on the right hand corner.

You Found
Touchdown!

Remaining

Attempts: 2




Task [V: Task Segmentation

Turn so that the
trees are to your
left. At the first

* Segment the text to intersection, turn

: left and stop. Touchdown is on top
the two tasks: Tichdown sar | | of the blue mailbox on
navigation and SDR top of the blue the right hand corner.

mailbox on the
right hand corner.

¢ Segments may
overlap




What Did We Get?

* Over 200 people wrote and validated instructions

o Collected 9,326 examples, split to
6,526/1,391/1,409 for train/dev/test



Analysis

* Average length is 108 tokens on average
e 89.6 for navigation, compared to 29.3 in R2R

e 29.8 for SDR, compared to 8.5 in Google RefExp
and 4.4 in ReferltGame

* Relatively large vocabulary size of 5,625, compared
3,156 for R2R

* Paths are on average 35.2 panoramas, compared to 6
in R2R

[R2R: Anderson et al. 2018; Google RefExp: Mao et al. 2016; ReferltGame: Kazemzadeh et al. 2014]



Linguistic Analysis

o Sampled 25 examples from Touchdown and R2R
* Analyzed for 11 semantic categories

* Report the mean number of instances per example
(more analysis in the paper)



Linguistic Analysis

B Touchdown R2R

- I ;
Entity reference ‘ ...You'll pass three trashcans on your left ...

11.0
Allocentric spatial ‘— ... There is a fire hydrant, the bear is on top
relation
3.0
Egocentric spatial ‘— ... Up ahead there is some flag poles on
relation your right hand side ...
4.0
y | ... Follow the road until you see a school on
Temporal condition .
your right ...
2.0
State verification ‘ ... You should see a small bridge ahead ...
2.0

Coreference

‘— ... a brownish colored brick building with a
black fence around it ...

2.5



Spatial Description
Resolution

There IS a/so a d/nosaur mura/ to the r/ght .
Touchdown is on the back of the dinosaur.

. Where is Touchdown?




SDR Evaluation

* Accuracy: predicting the position close enough to
the gold position (threshold: 80px)

e Consistency: consider a unique SDR as correct
only if solved for all propagated panoramas

* Mean distance error: the distance of the predicted
position from the gold position



Jest Results

Accuracy Consistency Distance
1,179 14.6
oatly oS » LingUNet is
able to solve
some cases
 Butthereis alot
744 ra7 of room for
/708 .
0.2 improvement
0.8 00 0.6
Random Average Text2Conv LingUNet

[Blukis et al. 2018]

Accuracy, consistency, and distance are not to scale



Example: LingUNet

a black doorway with red brick to the right of it, and
green brick to the left of it. it has a light just above the K
doorway, and on that light is where you find Touchdown




Navigation

Orient yourself so that the umbrellas are to the right. Go straight and
take a right at the first intersection. At the next intersection there
should be an old-fashioned store to the left. There is also a dinosaur

mural to the right.




Navigation Evaluation

e Accuracy: stopping at the annotated goal
panorama, or to one of the propagated panoramas

« Mean distance error: the shortest-path distance
between the stopping position and the goal

e Success-weighted by edit distance (SED)



Success weighted by Edit
Distance (SED)

 Measure edit distance between reference and prediction

* Weight success by distance

* The closer the agent is to the correct execution, success
IS considered better




0.0

Jest Results

Accuracy Distance SED

27.0

6o  Non-learning
10.7 0.104 models show
the task Is

213 challengin
55 0.054 e Jng

* No model
learns
0.2 0.001 effectively

Stop

Random Gated-attention Concat
[Chaplot et al. 2018] [Mirowski et al. 2018]

Accuracy, distance, and SED are not to scale
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Dynamic Robot Instruction
FoHovvigg (DRIF)

Linear forward velocity

V
f( ngﬁﬁhb;m 7'@7‘) Sﬁ %

Angular yaw rate A

[



after the blue bale take a right towards the small &
white bush before the white bush take a right and
head towards the right side of the banana
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Resources: Visual
Understanding to Interaction

Use the WASD keys to move and your (]
mouse to look aroun d and interract CIN|

CHALET |



[fin]



Example 1 Video (Backup)

Orient yourself so that the umbrellas are to the right. Go straight and
take a right at the first intersection. At the next intersection there
should be an old-fashioned store to the left. There is also a dinosaur

mural to the right. Touchdown is on the back of the dinosaur.




