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Embodied Instruction Following (EIF)
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ALFRED Benchmark
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Challenges for EIF

* Language/visual grounding
 Partially observable environment
* Long horizon/Sparse Reward



Approach

* End-to-end neural approach

* Minimal human knowledge
* Computation/Sample inefficient
* Performance degradation for long horizon

* Hybrid neural-symbolic approach

* Better performance
* Modularity

* Human modeling
* Fixed policy
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Approach

e Reasoning via Al planning
problem

Nodes: s

(x,y.0,) :
{Obj "Mask, Depth,
Cldss, ...}

Language Module
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Handles unknown environmental
observations

* Works with off-shell planner
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Perception Modules

Visual Input

MaskRCNN

SR

Object:Egg
Maks:[0,1,1..]

Bbox:[56,64,39]
Semantic Segmentation Depth:[0,0.2.0.2.]
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Symbolic
Information

Depth Prediction

Visual Perception

"high_descs":
"Turn around to face the white stove.",
"Pick the pan up from the back left burner."

"Bring the pan with you and move to face the kitchen sink."

"Put the pan in the sink and wash it, then get it out of the sink again."
"Bring the pan with you and move back to face the stove."|

"Put the pan down on the back right burner on the stove."

"task_desc": "Put a clean pan on the stove.",

l

Classifier

:

TaskType: Clean-Object-Put
Object: Pan

Target: Stove

Object-State: Cleaned

Goal Extraction

PDDL Goal
exists (?0 - obj, ?r - receptacle)
and (isClean ?0)
(inReceptacle 2o, 7r)
(objectType 70 PanType)
(receptacleType ?r StoveType)



Semantic Location Graph
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Node Information:

1. Depth Mask

2. Segmentation Masks

3. Object Information

{‘Object_1":

{*Type: ‘TableType’
Average Pixel Dist:
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Egocentric Planning
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Goal:
(On Clock Table)

Egocentric Planner

(Model as a Cost-POMDP)
Defined as:
Deterministic PDDL

Initial Condition:
(On Bread Table)
(Tomato Sliced)
(agent at fO-3-5f)
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Algorithm 1
Tterative Exploration Replanning (IER)

Input: Environment (Ag, Tg, Vg, reset, step)
Input: Planning domain PD = (T, V, P, A, @)
Input: Anchor Types & Exploration Acts (7, X)
Input: Mental state Init & Update (M[P, M[7P)
Input: Task (I¢, Gg)
Output: Successful trace 7 or Failure

I: p < reset(lg,Gg) > Initial perception

2: O0,1,G «+ MFP(p, I, Ge)

3: C + {o'|type(o’) € T, and o' occurs in I'}

> C: Observed Anchor Objects

4: 1,solved « [], False

5: while not solved do

6: Tsolve < Solve((PD, 0, I,G))

7 if Tsoive 1S None then

8

: A+ A

9: for o € O and type(o) € 7, do

10: if 0 ¢ C then

11: I + IT'U {(unknown o)}

12: if (unknown o) € I then

13: A, + A U {ExploreAct(a, o)

fora € X}

14 G + {(explored)}

15: Teaxplore <

Solve((PD with A., 0,1, G.))

16: return Failure if if Teopiore 1s None
17: for a € Teppiore do

18: p, ¢ + step(a)

19: Break if failed € p
20: T.append(a)
21: 0,1 + MFP(0,1,a,p,c)
22: if a € A then
23: C+ CU{d |type(d’) € T

and o’ argument of a}

24: else
25: for a € 7 ., do
26: p, ¢ < step(a)
27: Break if failed € p
28: T.append(a)
29: 0,1+ MFP(0,1,a,p,c)
30: solved < True if [ satisfies G

31: return T




Results

Test Seen Test Unseen

SR GC PLWSR PLWGC SR GC PLWSR PLWGC
Seq2Seq 3.98 0.42 2.02 6.27 0.39 7.03 0.08 4.26
ET 3842 45.44 27.78 34.93 8.57 18.56 4.1 11.46
HLSM 25.11 35.15 10.39 14.17 | 24.46 34.75 0.67 13.13
FILM 28.83 39.55 11.27 15.59 27.8 38.52 11.32 15.13
LGS-RPA | 40.05 48.66 21.28 2897 | 3541 45.24 15.68 22.76
EPA 3096 44.14 2.56 347 | 36.07 39.54 2.92 3.91



Future Work

* More open-world Setting:
* Unknown relationships
* Unknown object types

* Integration with SLAM maps and 3D voxels
* Learned exploration policy based on objects/location

* LLM integration:
* Generate knowledge base
e Commonsense guided action
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