
Count
Category LANI CHAI
Spatial relations (locations) 123 52
Conjunctions of locations 36 5
Coordination of sub-goals 65 68
Trajectory constraints 94 0
Co-reference 32 18
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Problem and Approach
Goal: Map instructions to actions
Common approaches: 

Advantages

1 Safety and Interpretability
Model can predict the goal visually before taking any actions.

Simplifies Learning
Allows training action generation in a language agnostic manner 
which makes learning easier.
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Our Approach: Visual Goal Prediction Model
A single model that decouples the problem into predicting a visual goal 
representation (where) and taking actions to accomplish it (how).  
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Two New Benchmarks
LANI: Navigation in an open space  
between landmarks. (28,204 instructions) 

“After reaching the hydrant head 
towards the blue fence and pass 
towards the right side of the well.”

• Collect data using Amazon Mechanical Turk. 
• Workers are shown a path and write 

instructions. 
• Other workers control the agent to generate 

gold demonstration for every instruction.

[Go around the pillar on the right hand side] [and head 
towards the boat, circling around it clockwise.] [When you 
are facing the tree, walk towards it, and the pass on the 
right hand side,] [and the left hand side of the cone. Circle 
around the cone,] [and then walk past the hydrant on your 
right,] [and the the tree stump.] [Circle around the stump 
and then stop right behind it.]

Go around the pillar on the right hand side
and head towards the boat, circling around it clockwise.
When you are facing the tree, walk towards it, and the pass on the right hand side,
and the left hand side of the cone. Circle around the cone,
and then walk past the hydrant on your right,
and the the tree stump.
Circle around the stump and then stop right behind it.

Circle around the statue counter clockwise on the right hand side,
then head towards the barrel.
Go past the barrel on the right hand side and head towards the bench,
passing the bench on the right side, stopping right before you get to the
white fence.

 Data Collection

“Put the cereal, the sponge, 
and the dishwashing soap 
into the cupboard above 

the sink.”

LANI CHAI
No. of paragraphs 6,000 1,596
Mean instructions per  
paragraph 4.7 7.70

Mean action per instruction 24.6 54.5
Mean tokens per instruction 12.1 8.4
Vocabulary Size 2,292 1,018

Dataset Statistics

CHAI: Navigation and manipulation in a 3D 
house. (13,729 instructions)

• CHALET simulator (Yan et al. 2018). 
• Similar data collection process to LANI.

Code, dataset and simulators available at:  
https://github.com/clic-lab/ciff 

Two Stage Learning
• Our approach enables training the 

goal prediction and action 
generation using different learning 
algorithms.  

• We train goal prediction using 
supervised learning and action 
generation  using policy gradient in 
a contextual bandit setting.

Turn left and go to the red oil drum

For each example: (2) Update the action generation using contextual bandit learning.

• Given the gold goal location    , sample actions using the policy   . 
• Perform sample-efficient contextual bandit update with  

shaped reward (Agarwal et al., 2014, Misra et al., 2017).
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• Given the gold goal pixel      maximize its log probability.

(1) Update the goal prediction using supervised learning.

✓ = ✓ + µr logPg(gp | Ip, x̄)

gp

Learning rate

Parameters

Visual Goal Prediction Model
• Our model consists of goal prediction and action generation.  
• Given a panorama of the local surrounding, we generate probability distribution over pixels 

representing the goal.

LingUNet:
• Language-conditioned image-to-image mapping. 
• Visual reasoning at multiple image scales using text-based convolutions. 

Action Generation:
• Project the mode of the goal distribution to a goal location in the real world.  
• Generate actions using the agent’s pose and the goal location. 

Goal Distribution Pg
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Goal Location lg
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Instruction Representation x̄
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Panorama Image Ip
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Turn left and go to the red oil drum
Instruction x̄
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Softmax
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Poses
<latexit sha1_base64="91gHTs/Kbcm7q63ZDTF3kr+ULN8=">AAACKHicbVDLSsNAFJ34rPFZXboZLIKrkoigS8GNywpWhSaUyeS2Ds4jzNyoJeQ33Orar3Enbv0Sp7ULrR64cDjnvjhZIYXDKPoI5uYXFpeWGyvh6tr6xuZWc/vKmdJy6HIjjb3JmAMpNHRRoISbwgJTmYTr7O5s7F/fg3XC6EscFZAqNtRiIDhDLyUJwiNWHePA1f2tVtSOJqB/STwlLTJFp98MlpLc8FKBRi6Zc704KjCtmEXBJdRhUjooGL9jQ+h5qpkCl1aTp2u675WcDoz1pZFO1J8TFVPOjVTmOxXDWzfrjcV/vdyNF85cx8FJWgldlAiafx8flJKioeNUaC4scJQjTxi3wv9P+S2zjKPPLgwTCxoeuFGK6bxKeN2L06pKrKKtuK5Dn1w8m9NfcnXYjqN2fHHUOo2mGTbILtkjByQmx+SUnJMO6RJOCvJEnslL8Bq8Be/Bx3frXDCd2SG/EHx+AdR3pfY=</latexit><latexit sha1_base64="91gHTs/Kbcm7q63ZDTF3kr+ULN8=">AAACKHicbVDLSsNAFJ34rPFZXboZLIKrkoigS8GNywpWhSaUyeS2Ds4jzNyoJeQ33Orar3Enbv0Sp7ULrR64cDjnvjhZIYXDKPoI5uYXFpeWGyvh6tr6xuZWc/vKmdJy6HIjjb3JmAMpNHRRoISbwgJTmYTr7O5s7F/fg3XC6EscFZAqNtRiIDhDLyUJwiNWHePA1f2tVtSOJqB/STwlLTJFp98MlpLc8FKBRi6Zc704KjCtmEXBJdRhUjooGL9jQ+h5qpkCl1aTp2u675WcDoz1pZFO1J8TFVPOjVTmOxXDWzfrjcV/vdyNF85cx8FJWgldlAiafx8flJKioeNUaC4scJQjTxi3wv9P+S2zjKPPLgwTCxoeuFGK6bxKeN2L06pKrKKtuK5Dn1w8m9NfcnXYjqN2fHHUOo2mGTbILtkjByQmx+SUnJMO6RJOCvJEnslL8Bq8Be/Bx3frXDCd2SG/EHx+AdR3pfY=</latexit><latexit sha1_base64="91gHTs/Kbcm7q63ZDTF3kr+ULN8=">AAACKHicbVDLSsNAFJ34rPFZXboZLIKrkoigS8GNywpWhSaUyeS2Ds4jzNyoJeQ33Orar3Enbv0Sp7ULrR64cDjnvjhZIYXDKPoI5uYXFpeWGyvh6tr6xuZWc/vKmdJy6HIjjb3JmAMpNHRRoISbwgJTmYTr7O5s7F/fg3XC6EscFZAqNtRiIDhDLyUJwiNWHePA1f2tVtSOJqB/STwlLTJFp98MlpLc8FKBRi6Zc704KjCtmEXBJdRhUjooGL9jQ+h5qpkCl1aTp2u675WcDoz1pZFO1J8TFVPOjVTmOxXDWzfrjcV/vdyNF85cx8FJWgldlAiafx8flJKioeNUaC4scJQjTxi3wv9P+S2zjKPPLgwTCxoeuFGK6bxKeN2L06pKrKKtuK5Dn1w8m9NfcnXYjqN2fHHUOo2mGTbILtkjByQmx+SUnJMO6RJOCvJEnslL8Bq8Be/Bx3frXDCd2SG/EHx+AdR3pfY=</latexit><latexit sha1_base64="91gHTs/Kbcm7q63ZDTF3kr+ULN8=">AAACKHicbVDLSsNAFJ34rPFZXboZLIKrkoigS8GNywpWhSaUyeS2Ds4jzNyoJeQ33Orar3Enbv0Sp7ULrR64cDjnvjhZIYXDKPoI5uYXFpeWGyvh6tr6xuZWc/vKmdJy6HIjjb3JmAMpNHRRoISbwgJTmYTr7O5s7F/fg3XC6EscFZAqNtRiIDhDLyUJwiNWHePA1f2tVtSOJqB/STwlLTJFp98MlpLc8FKBRi6Zc704KjCtmEXBJdRhUjooGL9jQ+h5qpkCl1aTp2u675WcDoz1pZFO1J8TFVPOjVTmOxXDWzfrjcV/vdyNF85cx8FJWgldlAiafx8flJKioeNUaC4scJQjTxi3wv9P+S2zjKPPLgwTCxoeuFGK6bxKeN2L06pKrKKtuK5Dn1w8m9NfcnXYjqN2fHHUOo2mGTbILtkjByQmx+SUnJMO6RJOCvJEnslL8Bq8Be/Bx3frXDCd2SG/EHx+AdR3pfY=</latexit>

Goal Masks
<latexit sha1_base64="IPvFhlL9foBObtEKiW6QIPfFEs8="></latexit><latexit sha1_base64="IPvFhlL9foBObtEKiW6QIPfFEs8="></latexit><latexit sha1_base64="IPvFhlL9foBObtEKiW6QIPfFEs8="></latexit><latexit sha1_base64="IPvFhlL9foBObtEKiW6QIPfFEs8="></latexit>

p2
<latexit sha1_base64="rLCTQv3h8/oVZNPooMPvjd04whs=">AAACH3icbVDLSsNAFJ34qDW+Wl26GSyCq5IUQZcFNy4r2gc0oUwmt+3QmUmYmSgl5BPc6tqvcSdu+zdOHwttPXDhcM59caKUM208b+Zsbe/slvbK++7B4dHxSaV62tFJpii0acIT1YuIBs4ktA0zHHqpAiIiDt1ocjf3u8+gNEvkk5mmEAoykmzIKDFWekwHjUGl5tW9BfAm8VekhlZoDapOKYgTmgmQhnKidd/3UhPmRBlGORRukGlICZ2QEfQtlUSADvPFrwW+tEqMh4myJQ1eqL8nciK0norIdgpixnrdm4v/erGeL1y7boa3Yc5kmhmQdHl8mHFsEjwPA8dMATV8agmhitn/MR0TRaixkbluoEDCC02EIDLOA1r0/TDPAyVwzS8K1ybnr+e0STqNuu/V/YfrWtNbZVhG5+gCXSEf3aAmukct1EYUjdArekPvzofz6Xw538vWLWc1c4b+wJn9AEymoXo=</latexit><latexit sha1_base64="rLCTQv3h8/oVZNPooMPvjd04whs=">AAACH3icbVDLSsNAFJ34qDW+Wl26GSyCq5IUQZcFNy4r2gc0oUwmt+3QmUmYmSgl5BPc6tqvcSdu+zdOHwttPXDhcM59caKUM208b+Zsbe/slvbK++7B4dHxSaV62tFJpii0acIT1YuIBs4ktA0zHHqpAiIiDt1ocjf3u8+gNEvkk5mmEAoykmzIKDFWekwHjUGl5tW9BfAm8VekhlZoDapOKYgTmgmQhnKidd/3UhPmRBlGORRukGlICZ2QEfQtlUSADvPFrwW+tEqMh4myJQ1eqL8nciK0norIdgpixnrdm4v/erGeL1y7boa3Yc5kmhmQdHl8mHFsEjwPA8dMATV8agmhitn/MR0TRaixkbluoEDCC02EIDLOA1r0/TDPAyVwzS8K1ybnr+e0STqNuu/V/YfrWtNbZVhG5+gCXSEf3aAmukct1EYUjdArekPvzofz6Xw538vWLWc1c4b+wJn9AEymoXo=</latexit><latexit sha1_base64="rLCTQv3h8/oVZNPooMPvjd04whs=">AAACH3icbVDLSsNAFJ34qDW+Wl26GSyCq5IUQZcFNy4r2gc0oUwmt+3QmUmYmSgl5BPc6tqvcSdu+zdOHwttPXDhcM59caKUM208b+Zsbe/slvbK++7B4dHxSaV62tFJpii0acIT1YuIBs4ktA0zHHqpAiIiDt1ocjf3u8+gNEvkk5mmEAoykmzIKDFWekwHjUGl5tW9BfAm8VekhlZoDapOKYgTmgmQhnKidd/3UhPmRBlGORRukGlICZ2QEfQtlUSADvPFrwW+tEqMh4myJQ1eqL8nciK0norIdgpixnrdm4v/erGeL1y7boa3Yc5kmhmQdHl8mHFsEjwPA8dMATV8agmhitn/MR0TRaixkbluoEDCC02EIDLOA1r0/TDPAyVwzS8K1ybnr+e0STqNuu/V/YfrWtNbZVhG5+gCXSEf3aAmukct1EYUjdArekPvzofz6Xw538vWLWc1c4b+wJn9AEymoXo=</latexit><latexit sha1_base64="rLCTQv3h8/oVZNPooMPvjd04whs=">AAACH3icbVDLSsNAFJ34qDW+Wl26GSyCq5IUQZcFNy4r2gc0oUwmt+3QmUmYmSgl5BPc6tqvcSdu+zdOHwttPXDhcM59caKUM208b+Zsbe/slvbK++7B4dHxSaV62tFJpii0acIT1YuIBs4ktA0zHHqpAiIiDt1ocjf3u8+gNEvkk5mmEAoykmzIKDFWekwHjUGl5tW9BfAm8VekhlZoDapOKYgTmgmQhnKidd/3UhPmRBlGORRukGlICZ2QEfQtlUSADvPFrwW+tEqMh4myJQ1eqL8nciK0norIdgpixnrdm4v/erGeL1y7boa3Yc5kmhmQdHl8mHFsEjwPA8dMATV8agmhitn/MR0TRaixkbluoEDCC02EIDLOA1r0/TDPAyVwzS8K1ybnr+e0STqNuu/V/YfrWtNbZVhG5+gCXSEf3aAmukct1EYUjdArekPvzofz6Xw538vWLWc1c4b+wJn9AEymoXo=</latexit>

p3
<latexit sha1_base64="5mtqhj0wz+4O9RA3aoUiz+NxscM=">AAACH3icbVDLSsNAFJ3UV42vVpduBovgqiQq6LLgxmVF+4AmlMnkth06MwkzE6WEfIJbXfs17sRt/8bpY6GtBy4czrkvTpRypo3nTZ3SxubW9k55193bPzg8qlSP2zrJFIUWTXiiuhHRwJmElmGGQzdVQETEoRON72Z+5xmUZol8MpMUQkGGkg0YJcZKj2n/ql+peXVvDrxO/CWpoSWa/aqzHcQJzQRIQznRuud7qQlzogyjHAo3yDSkhI7JEHqWSiJAh/n81wKfWyXGg0TZkgbP1d8TORFaT0RkOwUxI73qzcR/vVjPFq5cN4PbMGcyzQxIujg+yDg2CZ6FgWOmgBo+sYRQxez/mI6IItTYyFw3UCDhhSZCEBnnAS16fpjngRK45heFa5PzV3NaJ+3Luu/V/YfrWsNbZlhGp+gMXSAf3aAGukdN1EIUDdErekPvzofz6Xw534vWkrOcOUF/4Ex/AE5foXs=</latexit><latexit sha1_base64="5mtqhj0wz+4O9RA3aoUiz+NxscM=">AAACH3icbVDLSsNAFJ3UV42vVpduBovgqiQq6LLgxmVF+4AmlMnkth06MwkzE6WEfIJbXfs17sRt/8bpY6GtBy4czrkvTpRypo3nTZ3SxubW9k55193bPzg8qlSP2zrJFIUWTXiiuhHRwJmElmGGQzdVQETEoRON72Z+5xmUZol8MpMUQkGGkg0YJcZKj2n/ql+peXVvDrxO/CWpoSWa/aqzHcQJzQRIQznRuud7qQlzogyjHAo3yDSkhI7JEHqWSiJAh/n81wKfWyXGg0TZkgbP1d8TORFaT0RkOwUxI73qzcR/vVjPFq5cN4PbMGcyzQxIujg+yDg2CZ6FgWOmgBo+sYRQxez/mI6IItTYyFw3UCDhhSZCEBnnAS16fpjngRK45heFa5PzV3NaJ+3Luu/V/YfrWsNbZlhGp+gMXSAf3aAGukdN1EIUDdErekPvzofz6Xw534vWkrOcOUF/4Ex/AE5foXs=</latexit><latexit sha1_base64="5mtqhj0wz+4O9RA3aoUiz+NxscM=">AAACH3icbVDLSsNAFJ3UV42vVpduBovgqiQq6LLgxmVF+4AmlMnkth06MwkzE6WEfIJbXfs17sRt/8bpY6GtBy4czrkvTpRypo3nTZ3SxubW9k55193bPzg8qlSP2zrJFIUWTXiiuhHRwJmElmGGQzdVQETEoRON72Z+5xmUZol8MpMUQkGGkg0YJcZKj2n/ql+peXVvDrxO/CWpoSWa/aqzHcQJzQRIQznRuud7qQlzogyjHAo3yDSkhI7JEHqWSiJAh/n81wKfWyXGg0TZkgbP1d8TORFaT0RkOwUxI73qzcR/vVjPFq5cN4PbMGcyzQxIujg+yDg2CZ6FgWOmgBo+sYRQxez/mI6IItTYyFw3UCDhhSZCEBnnAS16fpjngRK45heFa5PzV3NaJ+3Luu/V/YfrWsNbZlhGp+gMXSAf3aAGukdN1EIUDdErekPvzofz6Xw534vWkrOcOUF/4Ex/AE5foXs=</latexit><latexit sha1_base64="5mtqhj0wz+4O9RA3aoUiz+NxscM=">AAACH3icbVDLSsNAFJ3UV42vVpduBovgqiQq6LLgxmVF+4AmlMnkth06MwkzE6WEfIJbXfs17sRt/8bpY6GtBy4czrkvTpRypo3nTZ3SxubW9k55193bPzg8qlSP2zrJFIUWTXiiuhHRwJmElmGGQzdVQETEoRON72Z+5xmUZol8MpMUQkGGkg0YJcZKj2n/ql+peXVvDrxO/CWpoSWa/aqzHcQJzQRIQznRuud7qQlzogyjHAo3yDSkhI7JEHqWSiJAh/n81wKfWyXGg0TZkgbP1d8TORFaT0RkOwUxI73qzcR/vVjPFq5cN4PbMGcyzQxIujg+yDg2CZ6FgWOmgBo+sYRQxez/mI6IItTYyFw3UCDhhSZCEBnnAS16fpjngRK45heFa5PzV3NaJ+3Luu/V/YfrWsNbZlhGp+gMXSAf3aAGukdN1EIUDdErekPvzofz6Xw534vWkrOcOUF/4Ex/AE5foXs=</latexit>

Action Generation

Results

Visual Goal Prediction Performance

curve around big rock keeping it to your left . 

walk over to the cabinets and open the cabinet doors up 

System LANI CHAI
Center Pixel 12.0 3.41
Janner et al. 2018 9.61 2.81
Our Approach 8.67 2.12

Corpus Analysis

•LANI: Temporal 
coordination of sub-goals 
and co-reference 
reduced the 
performance. 

•CHAI: Spatial relations 
reduced the 
performance. 

•Other linguistic 
categories did not 
significantly influence 
performance (two-sided 
t-test).

LANI CHAI
Ablations SD SD MA
Our Approach 8.65 2.75 37.53
without RNN 9.21 3.75 37.43
without language 10.65 3.22 37.53
with joint learning 11.54 2.99 36.90
with oracle goals 2.13 2.19 41.07

Model Ablations (DEV)

LANI CHAI
System SD SD MA

Stop 15.2 3.6 39.8
Misra et al. 2017 10.2 3.6 36.8
Chaplot et al. 2018 8.8 3.6 39.7
Our Approach 8.4 3.3 40.0

SD: Stop Distance; MA: Manipulation Accuracy

Test Results Linguistically-driven 
Analysis

200 examples manually labeled.


