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Hybrid Learning for Vision-and-Language Navigation Agents
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ABSTRACT

The Vision-and-Language Navigation(VLN) task is a complex intelligence problem that requires both visual and language comprehension

skills. In this paper, we propose a new learning model for visual-language navigation agents. The model adopts a hybrid learning that

combines imitation learning based on demo data and reinforcement learning based on action reward. Therefore, this model can meet

both problems of imitation learning that can be biased to the demo data and reinforcement learning with relatively low data efficiency.

In addition, the proposed model uses a novel path-based reward function designed to solve the problem of existing goal-based reward

functions. In this paper, we demonstrate the high performance of the proposed model through various experiments using both Matterport3D

simulation environment and R2R benchmark dataset.
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Fig. 1. Example of Vision-Language Navigation (VLN) Task
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Fig. 2. Architecture of the Proposed Model
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Table 1. CIR Learning Algorithm

Algorithm 1 Learning with CIR

1 initialize 6, randomly

2 for i in range(MAX_ITER):

for t in range(n): #teacher_forcing
L -= logw,,p(hﬁ a*)

Sy41 = perform(s,, a*)

for t in range(m): #student_forcing
L*-=(a,— V(ht))logﬂop(hi.ai)+17H(ﬂ',,"(ht_at))
5,4, = perform(s;, a,)
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Fig. 4. Reward Condition f(p,)

EH 74 BAF g 20|t ¢(p,)= oFel Equation (6)TF
Zo] oo]HEY] o]F YA|7} o] YA H} EH A T 7}
A 2, 28X Fod ARS ¥kt

Equation (4)°1A g¢(p)= 71& AFE2,3]004 ARESH
Py
_]

true if D(p,_;)—D(p,) >0
false otherwise

o(n,) :{ ©)
olefgt Aok WAL 9 RBAL ojo|HEs} Ao} 77}
A== ofF3 Byt ohje}, He AZE HolLx] 9 o]
3 2 QER s o] Ytk E RBAL shbe] A4
o St A AR ANFE 7|E ATFS(1-3e &
o] Ao ofe] AY AR ANHEE AT 4GS A
g3t} b g ARE 2744 ool AE] Autet A

9 kol ¥4 At gtk

4. 78 2 4y

4.1 HOojH T Y sk

2 =oA= R2R Hlol8 HFE o]&ste] At nE 9
5= Bt 93 AE L 33 ol Ao At 2d
Python 3.7, Pytorch 1.2.0 2fo|E& & o|gslo] 18
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7t @ AR} o]F AYsh= Al 7HA 9] Ao AAEY
Agro g /=0l ot R2R Holg jtolA| g5 HlolH
(seen training data)= 14,0257l, k5 AS dlo]E(seen
validation data):= 1,0207H, H]-85 A% dl°o]¥(unseen
validation data)x= 2,3497Y, H]-8k5 HIAE Ho]€(unseen
test data)= 2,349719] XA|Z Z-z} LAt 48 JAFO

oX;

Il rlo

[e]

2HE A7 B4 F25 A= Y 5E ResNet-
152 2L o] g3yt 2 sk&52 Q) dEZ T §H49
W HlE ne 0.012, &
2 7] 95 £4 7HEA A= 0.058, SH5E(learning
rate) v= 0.00012 Z+zZ} A5t

42 845 28 o

2 =RoAe A ZdoA A CIR kg W
RBA B4} 3t49] AvE 845t 7|& REET] H|w
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Alignment)[3], oo]HEZ} Mo H 2o A FEt
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Table 2. Performance Comparison with Different Reward Functions

Seen Unseen
Reward Function
SR SPL SR SPL
DBAI[3] 0.273 0.041 0.225 0.031
SBA[7] 0.409 0.381 0.405 0.382
RBA 0.436 0.414 0.399 0.375

o] Ag9] Ay Table 29} At} B =FojA Aoigt
RBAS} (71014 AQkst SBAZE 242} sk H|o|El(seen)2} H]-
g5 dlolEl(unseen)ol A £ A6& B, DBAE 4
X3 452 Bt DBAE oo|HdES] 9|2t £4 X}
o] AolutS 1HF7| o], AAS A g FE
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BEE ghgolA = EA1Kl AUt SBA9 RBAE B4 &
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A= BA|7} A5 b, RBAE B2 3 L Ao s
T doJAEZ MY HRE weh HHA0f 7R = W
O= o]5d 4 IEE Fhrh= o] Sl

7 HA A A BdofA et =Ry skt et
g A B AHCIRY ATE BA5] A 4
olt}. o] Aede i & A3t S5(only RL), & =W
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shes(only 1), B3 3h WHCIRE 42 4832
VIN &9 4% A2 HLstect. of AgolA By gat
RBAZ ol83t50m, stols] metule] & 15mz, 3
HHE Ze 209 Wow 77 dgeiar
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Table 3. Performance Comparison with Different Learning Strategies

Seen Unseen
Learning Strategy
SR SPL SR SPL
only RL 0.420 0.388 0.385 0.338
only IL 0.549 0.527 0.433 0.406
CIR (A, =0.1) 0.628 0.597 0.487 0.456
CIR (A, =0.05) 0.653 0.622 0.488 0.447

o] A%9] AFH= Table 33 Zth. o] A ZAyjofjA] 2 =
2ol Aljket B3 e5(CIR)O] o= B Sha(ID)olY 5
733} sk5(RL)ETE SR E SPL H& oA BF A%o] &7
UePgths A2 & = Atk ¢ 29 g5 FEo H= o
olElE E-83to R M, Hlojg Fg&Ao] Aoz T2 35t
5ol Hlof| =2 52 Bt oAIYE S E dlX dHolH
of HE=|o], B g5 WHETE B2 J52 B Aow
gEct. 9, 2 =FollA] AQtet B3t <5 WH(CIRS 7%

SR5RD)Q] dlolE HEE&Y EA BRF S5(1D)2] H=

ol tfgt WP EAIE ol- HE iAo =M, o] A
oA AdHoz 7H) B2 452 Hel AoE wusict
8] oot BHF EA 7SR ol et Bt S5(CIR)Y
o2 24 Bl %, B AYolAe 2y &4 7S

1y

z

el A 7129 VIN ZEE0] H]s] & =FoflA At
3t BE9] £442 JF5t7] Aot o] oA Uskrt
Tdg o]gs] AEE AAE A3t Speaker-Follower(5],
U3At B o835 oo|HET} HARE & wl=A| wHE
RCMI2], k5 Elofe] 7= 9%t 8 EFor(dropout) 7]
5 £ &4 4 (mixed loss function)E A-&3F Env-
Dropout[3], M2& B4 gt o5 WS Tdgt ARt
ZE(CIR)S VLN #¢ 55 A= Blasiith

Table 4. Performance Comparison with Other Models

Seen Unseen
Model
SR SPL SR SPL
Speaker-Follower[5] 0.52 0.43 0.36 0.29
RCM(no SIL)[2] 0.55 0.48 0.41 0.33
Env-Dropout(base)[3] 0.61 0.57 0.47 0.43
CIR (A =0.05) 0.65 0.62 0.49 0.45
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Instruction Top-down view

With the bed behind you, exit the room through the door ahead of you,
taking a dogleg to the left and heading towards the short flight of five
steps. After climbing the steps, veer slightly left and pass by the opening
on your left, heading towards a door leading outside. Stop once you pass
through that door opening.

reward +1

reward +1

reward +1

reward +1

reward +1

reward +1

eward +2

Fig. 5. The First Navigation Example Guided with the Proposed Model
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Instruction

With your back facing the balcony railing, take a left and walk until you
see a second entrance to the left of the initial entrance. Go through and
you'll find yourself at the left-side of a bed. Turn left and walk through
the doorway that's next to you. Continue through the entrance for 2ft and
you'll arrive at your destination.

Teward +1

Teward +1

Teward +1

Teward +1

Teward +1

reward +2

Fig. 6. The Second Navigation Example Guided with the Proposed Model
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Instruction Top-down view

Turn until you're facing the red carpet that creates a path for tourists to
walk on. Then move forward passing a couple of chairs on your right until
you pass through a double door opening and the carpet takes an
approximately thirty degree turn to the right. Stop just after the carpet
makes that turn.

Fig. 7. The Third Navigation Example Guided with the Proposed Model
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