GCAN:
Graph Convolutional Adversarial Network for
Unsupervised Domain Adaptation

(X. Ma, T. Zhang, and C. Xu. In CVPR 2019)
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Unsupervised Domain Adaptation

General domain adaptation problem

Source data ). — Target data

Covariate shift
Categorization by label accessibility

Supervised Domain Adaptation (SDA): -

Unsupervised Domain Adaptation (UDA): -
* Should align the feature distributions of /)~ to source domain



Adversarial Training-Based Approach

Consider a CNN with a feature extractor G & a linear classifier F

Conv Feature
Extractor

—F(G(Xs)) _’EG‘(A:’S , y"}')

What about X?

Linear
—G(Xs)— Classifier
Feature
Distribution

Adopt the idea of GAN: Make the features domain-invariant to fool a domain classifier D

XS_'I

XT_’

Conv Feature
Extractor

— G(X5)—

— G(X7)—

Domain
Classifier

— D(G(Xy))

— D(G(Xr))

d(.-]fg, ::'E’T) =]EINDS[10g(1 — Do G(X))]

Ez~ Dy [log(D o G(x))]



MSTN: The predecessor of GCAN

Adversarial training alone is not enough
* It can map target features near source features ‘ Per-class alignment loss

e But class discriminability is not guaranteed K
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&: distance function
C*: the centroid of features from class k
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MSTN: http://proceedings.mlr.press/v80/xie18c/xiel8c.pdf



http://proceedings.mlr.press/v80/xie18c/xie18c.pdf

GCAN Architecture & Loss Functions
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Linear combination to get the total loss
Liotar = L+ ALpg +vLca +1Lsy

Labeled Source Features

Data Structure Analyzer (DSA)
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Adopting GCN

2 2
Loy = max(”XSCa — Xscp ” — ”Xsca — Xscn” + m, 0) => TripletLoss on GCN features
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CNN vs GCN

* As addressed in the lecture, GCN features are aware of instance relation
* Then, Lg, aligns the data structure in feature space

TripletLoss: https://arxiv.org/pdf/1412.6622.pdf



https://arxiv.org/pdf/1412.6622.pdf

Experimental Settings

Base CNN: AlexNet

Dimension of features: 256

Domain classifier: 256 (feat) —» 1,024 — 1,024 - 1

GCN: a single-layer Simplified ChebNet (256 (feat) — 150)

Datasets used

Name # of Classes # of Domains # of Images
ImageCLEF-DA 12 3 ~1.8k
Office-31 31 3 ~4k

Office Home 65 4 ~30k



Experimental Results

Table 2. Classification accuracy (%) on ImageCLEF-DA dataset.

Method I —+PFP P—1 I —-C C—=1C—=PFP P—C Avyg
AlexNet 66.240.2 70.0£0.2 84.34£0.2 71.34+04 59.3£0.5 84.54+0.3 73.9
RTN [52] 67.4%0.3 81.3:£0.3 89.5£0.4 78.0£0.2 62.0£0.2 89.11+0.1 77.9

RevGrad [22] 66.510.5 81.810.4 89.00.5 79.8£0.5 63.540.4 88.710.4 78.2
JAN [53] 67.2£0.5 82.84£0.4 91.3£0.5 80.0£0.5 63.5£0.4 91.0£0.4 79.3

MSTN [77] 67.3+0.3 82.840.2 91.5+0.1 81.740.3 65.3£+0.291.240.2 80.0
GCAN  68.2:10.5 84.110.2 92.2£0.1 82.510.1 67.20.2 91.31-0.1 80.9

Table 3. Recognition accuracies (%) for cross-domain experiments on the Office+Home dataset.

Table 1. Classification accuracy (%) on the Office-31 dataset.

Method

A—-WD—-WW —-DA—-DD—= AW — AAvg

AlexMet
DD [74]
DRCN [27]
RevGrad [22]
RTN [532]
JAN [53]
AutoDIAL [50]

75.5

96.6

99.5

73.6

58.1

59.4

616405954403 990402 63 8+0551.1+0.649.8+0.470.1
61.840.4 95.040.5 985404 64.440352.1£0.652.240.4 70.6
68.740.3 96.440.3 99.04£0.2 66.840.5 56.0+0.5549+0.573.6
73.04£0.596.4403 992403 72.340.353.44£0451.24£0.574.3
73.340.3 96.840.2 99.640.1 71.04£0.2 505403 51.0£0.173.7
74.940.3 96.64+0.2 99.540.2 71.84+0.2 58.3+£0.3 55.0+£0.4 76.0

77.1

MSTN [77]
GCAN

80.54£0.4 96.940.1 99.940.1 74.54+0.4 62.5+0.4 60.0+£0.6 79.1
82.740.1 97.140.1 99.84+0.1 76.440.5 64.94+0.1 62.6::0.3 80.6

Source Ar Ar Ar Cl Cl Cl Pr Pr Pr Rw Rw Rw A

Target Cl Pr Rw Ar Pr Rw Ar Cl Rw Ar Cl Pr VE
GFK [29] 2160 3172 3883 21.63 3494 3420 2452 2573 797 3288 7896 50.89 3240
JDA [50] 25.34 3598 4294 2452 40.19 4090 2596 3272 4925 3510  35.35 55.35 36.97
CCSL [57] 23.51 3412 40.02 22.54 35.69  36.04 2484  27.09 4636  34.61 31.75 5289  34.12
LSC [38] 31.81 39.42 50.25 35.46 51.19  51.43 3046  39.54 5974 4398  42.88 6225 4487
RTML [ 17] 27.57 36.20  46.09 29.49 4469 4466 2821 36.12 5299 3854  40.62 57.80 4025
JGSA [86] 28.81 3757  48.92 31.67 4630 4676 2872 3590 5447 4061 40.83 59.16  41.64
PUnDA [28] 29.99 37.76 50.17 33.90 4891 48.71 30.31 3869 5691 4225 4451 61.05  43.60
DAN T49] 30.66  42.17 54.13 3283 4759 4978 29.07  34.05 56.70 4358 3825 62.73 4346
DHN [75] 31.64 4075 51.73 34.69 51.93 5279 2991 39.63 60.71 4499 4513 62.54 4554
WDAN [79] 3226  43.16 54.98 3428 4992 5026  30.82 3827  S56.87  44.32 39.35 63.34 4482
GAKT [18 3449 4363 55.28 36.14 52,74 5316 31,59 40.55 6143 4564 4458 64,92 4701
3487 4620 56.77 36.63 5497 5541 3327  41.66  60.62 4694 4590  68.25 4844

3643 4725 6108 3790 5825  57.00 3577 4266 6447 5008 4912 7253 51.‘.-54 =

b Y




Implementation Details

Based on MSTN implementation https://github.com/wgchang/DSBN

Since the pre-trained AlexNet model as modified in GCAN paper was not available in PyTorch,
all experiments are done with pre-trained ResNet18 (largest model that can run in a single TitanX
Pascal GPU)

Using SGD as in GCAN paper w/ Ir=1e-2 always leads to divergence => Adam w/ Ir=1e-5 is used

When the concatenated features (CNN + GCN) are fed to both classifier F & domain classifier D,
the cross-entropy loss and the centroid alignment loss are too large initially (> 30,000)

Many details (GCN initialization, warmup learning rate, data augmentation, etc.) were missing in
GCAN paper


https://github.com/wgchang/DSBN

Reproduced Results

Office-31, ResNet-18, classification accuracy (%)

ethod | A>D | AW | D>A | D>W | WoA | Wo> | Ave

MSTN 81.93 81.76 65.53 97.99 59.89 99.80 81.15
GCAN 74.30 74.09 56.48 97.48 58.54 100.0 76.82

A->D, A->W, D->A experiments are still running (only ~21% of total iteration)
=> will be updated in the results.docx file in the link after the training is finished



How to Run the Codes

The codes can be downloaded here

Download Office-31 dataset from here

PyTorch >= 1.3, python=3.6, h5py, opencv (refer to https://github.com/wgchang/DSBN)
Modify ‘OFFICE_DIR’ variable in dataset/factory.py to your own office31 top folder
Run the following command

s wh e

python trainval_multi.py --model-name resnet18 --exp-setting office --in-features 256 --sa-loss --
sm-loss --adv-loss --source-datasets webcam --target-datasets amazon --batch-size 40 --save-dir
output/office_wa --print-console --gpu 0

This command runs GCAN on W(ebcam)->A(mazon) scenario on gpu0
Choose --source-datasets & --target-datasets among [‘amazon’, ‘dslr’, ‘webcam’]

About 9GB of VRAM is required

Currently, only ResNet18 on Office31 is supported


https://drive.google.com/file/d/1knfE8v-vxSWIPCrlzHEmXiQKTviTfuL9/view?usp=sharing
https://drive.google.com/open?id=0B4IapRTv9pJ1WGZVd1VDMmhwdlE
https://github.com/wgchang/DSBN

Thank you!



