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Abstract

As it is costly to densely annotate large scale datasets
for supervised semantic segmentation, extensive semi-
supervised methods have been proposed. However, the ac-
curacy, stability and flexibility of existing methods are still
far from satisfactory. In this paper, we propose an effective
and flexible framework for semi-supervised semantic seg-
mentation using a small set of fully labeled images and a
set of weakly labeled images with bounding box labels. In
our framework, position and class priors are designed to
guide the annotation network to predict accurate pseudo
masks for weakly labeled images, which are used to train
the segmentation network. We also propose a mixed-dual-
head training method to reduce the interference of label
noise while enabling the training process more stable. Ex-
periments on PASCAL VOC 2012 show that our method
achieves state-of-the-art performance and can achieve com-
petitive results even with very few fully labeled images. Fur-
thermore, the performance can be further boosted with ex-
tra weakly labeled images from COCO dataset.

1. Introduction

Deep neural networks have achieved remarkable success
in many computer vision tasks. Their performance highly
depends on the amount of labeled data and the quality of
annotation. Semantic segmentation labeling is one of the
most costly tasks, which requires manual annotation for
each pixel in an image.

Aiming to reduce the annotation cost of semantic seg-
mentation, numerous weakly supervised methods have been
proposed to leverage weak labels such as image-level la-
bels [1,10,15,16,21,24,25,43-45,47,49], bounding boxes
[6,19,23,26,32,35], scribbles [27,38,39,41,42], and points
[2]. Although these methods can largely reduce the anno-
tation cost by utilizing weak labels, especially image-level
labels, their performance fails to meet the needs of real-
world applications. In comparison, semi-supervised meth-

ods can achieve promising results with a small set of fully
labeled images and a relatively large set of unlabeled im-
ages [3,11,17,20,30,31,36,51]. However, they still un-
derperform their fully supervised counterparts. Some semi-
supervised methods seek to realize better results by utilizing
both fully labeled and weakly labeled images [18,29], but
the way to utilize multiple types of supervision remains to
be further explored.

In this paper, we train semantic segmentation models in
a semi-supervised manner using a small set of fully labeled
images and a set of weakly labeled images with bounding
box labels. The proposed framework contains two semantic
segmentation networks: an annotation network (or AnnNet
for short) and a segmentation network (or SegNet for short).
The AnnNet is used to estimate pseudo masks for weakly
labeled images, and the SegNet is the resulting model for
deployment. We first train the AnnNet using fully labeled
images with ground-truth masks and weakly labeled images
with proposal masks. The proposal masks of weakly labeled
images are generated using GrabCut [34] and MCG [33].
Then pseudo masks for weakly labeled images are predicted
by the trained AnnNet. Finally, we train the SegNet using
fully labeled images with ground-truth masks and weakly
labeled images with pseudo masks.

We focus on improving the performance of semi-
supervised semantic segmentation in two aspects: generat-
ing high quality pseudo masks and improving the training
stability. To generate accurate pseudo masks, we extract
the position and class priors from bounding boxes to guide
the training of AnnNet. The RGB image and the extracted
priors are concatenated together as the input for AnnNet.
Inspired by [29], we propose the mixed-dual-head training
method to improve the training stability, which applies par-
allel strong and weak prediction heads to both AnnNet and
SegNet during training. The strong head is trained with a
mixture of fully labeled and weakly labeled images, and
the weak head is trained with only weakly labeled images.
This can reduce the interference of label noise in proposal
masks and pseudo masks while maximizing the utilization
of weakly labeled images.
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The proposed framework is simple and flexible. There
are no hyperparameters that need to be carefully tuned, so
it is easy to implement. We can choose a large model with
high performance as AnnNet, but a small model as SegNet
for efficient deployment. Moreover, the proposed frame-
work can benefit from the large number of weakly labeled
images and iterative training. The contributions of this pa-
per are summarized as follows:

* We propose an effective and flexible framework for
semi-supervised semantic segmentation using a small
set of fully labeled images and a set of weakly labeled
images with bounding box labels.

* We extract the position and class priors from bound-
ing boxes to guide the training of AnnNet, which can
effectively improve the accuracy of generated pseudo
masks.

* We propose the mixed-dual-head training method,
which can reduce the interference of label noise in pro-
posal masks and pseudo masks while maximizing the
utilization of weakly labeled images.

 Extensive experiments on PASCAL VOC 2012 dataset
show that the proposed framework is effective and
achieves state-of-the-art performance. With additional
weakly labeled images from COCO dataset, the per-
formance can be further boosted.

2. Related work

2.1. Weakly-supervised semantic segmentation

To alleviate the burden of manual annotation, numer-
ous methods have been proposed to address the semantic
segmentation task based on weak labels, including image-
level labels [1,10,15,16,21,24,25,43-45,47,49], bounding
boxes [6,19,23,26,32,35], scribbles [27,38,39,41,42], and
points [2]. Among them, image-level labels and bounding
boxes are most commonly used. Since the image-level la-
bel requires the least annotation effort, it is the most inves-
tigated weak label. In comparison, bounding boxes provide
more information about objects, so higher performance can
be achieved. Weakly supervised methods based on bound-
ing boxes are more related to this paper. BoxSup [6] gen-
erates a set of candidate segmentation masks using MCG,
and then iterates between selecting one candidate mask for
each bounding box and training the segmentation network.
Similarly, SDI [19] generates segment proposals by com-
bining GrabCut and MCG, and enhances the recursive train-
ing with a denoising procedure. BCM [35] uses dense-CRF
[22] to generate segment proposals from bounding boxes
and calculates the mean filling rates of each class to guide
the model training. In Box2Seg [23], bounding boxes are
considered as noisy labels for foreground objects. They pre-
dict a per-class attention map to guide the loss to focus on

foreground pixels and learn pixel embeddings to encourage
high intra-class feature affinity.

Some weakly supervised methods also present results
under semi-supervised settings by combining the generated
pseudo masks with a few ground-truth masks [6,19,32,35].
However, they just use the pseudo masks to improve the
semi-supervised performance without further exploring the
proper utilization of multiple types of supervision.

2.2. Semi-supervised semantic segmentation

Semi-supervised methods can reduce the annotation cost
by using a small set of fully labeled images while keep-
ing competitive performance. Existing semi-supervised
methods for semantic segmentation mainly resort to self-
training [3, 18, 51], consistency regularization [11, 20, 31],
and adversarial learning [17, 30, 36]. Self-training meth-
ods usually first train a model using fully labeled images
to predict pseudo masks for unlabeled or weakly labeled
images, and then train another model using both ground-
truth and pseudo masks. Consistency regularization meth-
ods improve the generalization performance of the model by
adding a consistency loss term. They usually achieve per-
turbations with data augmentation methods such as Cutout
[8] and CutMix [48], and resort to consistency training
paradigms such as Mean Teacher [40]. Adversarial learning
methods usually make the generated pseudo masks close to
the real ones with the help of GAN [12]. A comprehensive
literature survey about these methods is beyond the scope of
this work, and thus we focus on comparing our framework
with the most related ones.

Besides fully labeled images, most of semi-supervised
methods utilize unlabeled images and a few methods utilize
weakly labeled images [18,29]. Ibrahim et al. [18] propose
a framework containing a primary segmentation model, an
auxiliary segmentation model and a self-correction mod-
ule to perform semantic segmentation using fully labeled
images and images with bounding boxes. However, the
auxiliary segmentation model and self-correction module
in their framework are only trained with fully labeled im-
ages and thus cannot benefit from the large number of
weakly labeled images. In addition, the training procedure
of their framework is quite complicated. Luo et al. [29]
propose to impose separate treatments of strong and weak
annotations via a strong-weak dual-branch network. The
strong and weak branches share the backbone network and
are trained with fully labeled images and weakly labeled
images (with image-level labels), respectively. However,
the strong branch is trained using only fully labeled im-
ages. Hence, the weakly labeled images cannot be fully uti-
lized. In comparison, our proposed mixed-dual-head train-
ing method can maximize the utilization of weakly labeled
images while reducing the interference of label noise, which
can improve the training stability.
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Figure 1. The training procedure of proposed semi-supervised se-
mantic segmentation framework. We first train the AnnNet us-
ing fully labeled images and weakly labeled images with proposal
masks generated by GrabCut and MCG. Then we predict pseudo
masks for weakly labeled images using the trained AnnNet. Fi-
nally, we train the SegNet using fully labeled images and weakly
labeled images with pseudo masks.

3. Method

The training procedure of our proposed semi-supervised
semantic segmentation framework is shown in Figure 1.
There are two semantic segmentation networks in our
framework: an annotation network (AnnNet) and a segmen-
tation network (SegNet). The training procedure consists of
three stages: (1) AnnNet training, (2) pseudo masks genera-
tion, and (3) SegNet training. In stage (1), we first generate
proposal masks for weakly labeled images using GrabCut
and MCG. Then the AnnNet is trained using fully labeled
images with ground-truth masks and weakly labeled images
with proposal masks. The role of AnnNet is to generate
pseudo masks, so in stage (2), we obtain pseudo masks of
weakly labeled images based on the predictions of AnnNet.
In the final stage, we train the SegNet, the resulting model
for deployment, using fully labeled images with ground-
truth masks and weakly labeled images with pseudo masks.

In the following parts of this section, we first introduce
the generation of proposal masks for weakly labeled images
in Section 3.1. Next, we introduce the position and class
priors used to form the 5-channel input for AnnNet in Sec-
tion 3.2. Then, we introduce the mixed-dual-head training
method applied to both AnnNet and SegNet in Section 3.3.
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Figure 2. Generation of proposal masks. We generate the pro-
posal masks using GrabCut [34] and MCG [33]. We first generate
the GrabCut proposal and MCG proposal for each object. Then
we fuse the GrabCut and MCG proposals to obtain the proposal
masks. Only pixels with consistent GrabCut and MCG segmenta-
tion results are retained and others are ignored.

sofa (MCG)

Finally, we present the training procedure of our framework
in detail in Section 3.4.

3.1. Proposal mask generation

To train the AnnNet using weakly labeled images, it is
necessary to obtain pixel-level labels from bounding box la-
bels. There are several successful methods for this purpose,
of which dense CRF, GrabCut and MCG are the mostly used
ones. Similar to previous works [19,26], we use GrabCut
and MCG to obtain the segmentation results of images with
bounding box labels, which we called proposal masks.

The proposal masks are generated in the way shown in
Figure 2. GrabCut can estimate an object proposal from its
bounding box. So GrabCut proposals can be obtained by
performing GrabCut on each object in an image. Different
from GrabCut, MCG is a region proposal method that can
yield lots of proposals for an image. Be aware that the final
stage of MCG uses a random forest model trained on PAS-
CAL VOC 2012 dataset with ground-truth masks to rank all
the proposals. To avoid introducing extra pixel-level super-
vision, we do not use this ranking stage, but select one pro-
posal for each object that has the highest Intersection over
Union (IoU) with its bounding box.

The resulting proposal mask for an image is obtained by
fusing GrabCut and MCG proposals in two steps. First, we
fuse the GrabCut proposal and MCG proposal of each ob-
ject. Only pixels with consistent GrabCut and MCG seg-
mentation results are retained, and the rest are ignored. Af-
ter getting the fused proposal of each object, we put them
back to the correct position in the original image according
to the foreground area in descending order (a small object
has a higher priority to cover the pixels of large ones). Note
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(a) (b)
Figure 3. Visualization of the distance map. (a) Image. (b) Dis-
tance map.

that the pixels marked as ignored have the lowest priority,
which can be covered by foreground pixels from any other
objects.

The proposal masks obtained in this way contain fewer
mislabeled pixels, which we believe is extremely crucial for
the training of AnnNet. When applying the proposal masks
as supervision for AnnNet, the pixels marked as ignored are
not involved in the loss calculation.

3.2. Position and class priors

The proposal masks obtained by GrabCut and MCG

based on bounding boxes are much coarser than ground-
truth masks. Moreover, we ignore some of the pixels that
may be mislabeled when generating proposal masks, which
also discards some useful information. It is not possible to
train a high-performance AnnNet using such coarse and in-
complete proposal masks. To compensate for these limita-
tions of proposal masks, we hope to extract useful position
and class priors from bounding boxes to guide the training
of AnnNet. The extracted position and class priors are in
the form of 2-D maps with the same size as the input im-
age. We concatenate the RGB image with the position pri-
ors map and class priors map to form the 5-channel input
for AnnNet. In the following, we detail the construction of
the position and class priors maps.
Position priors. The bounding box can only provide the ap-
proximate position of the object. We assume that the closer
to the center of the bounding box the more likely the object
exists. Based on this assumption, we use the distance from
each pixel to the bounding box to construct the position pri-
ors map [46]. Given a bounding box of an object, p; is the
coordinate of the i-th pixel in an image. S,, S;, and S, are
the sets of pixel coordinates located on, inside, and outside
the bounding box, respectively. The distance map D of an
object can be calculated as follows:

128 — min ||p; —p;|| ifp; € 5;
pjese
D (pz) = 128 lfpz € Se (D
128 + min ||p; —p;|| ifp;i €5,
pjESe

where ||-|| denotes the Euclidean distance, D (p;) denotes
the distance value at coordinate p;. The distance map D

(b) ©

Figure 4. Visualization of the position priors map and class priors
map. (a) Image. (b) Position priors map. (c) Class priors map.

has the same size as the input image.

For the convenience of storage and computation, we
truncate the distance values in the range of [0, 255]. To
ensure the distance value at the center of the bounding box
is always zero, we then rescale the distance values for the
pixels inside the bounding box:

D(p;) =4 128% Bhlprme ity €S )
! D (p;) otherwise

where D,,,;,, denotes the minimum value in D. A visual-
ization result of the distance map is shown in Figure 3.

The position priors map G is obtained by fusing the dis-
tance maps of all objects in an image. We refer to pix-
els within at least one bounding box as foreground pixels,
otherwise as background pixels. Assume there are M ob-
jects in an image, their corresponding distance maps are
D= {Dz}f\il For a foreground pixel p, if it is inside only
one bounding box whose distance map is D;, G (p) directly
takes the corresponding distance value in D;, i.e., G (p) =
D, (p); if it is inside more than one bounding boxes whose
distance map are D' = {D;}.",, 1 < m < M, G (p)
is obtained by averaging the corresponding distance values
inD', ie, G(p) = [D1(p)+---+ Dy, (p)]/m . Fora
background pixel p, G (p) is obtained by averaging the cor-
responding distance values of all distance maps in D.

The visualization result of the position priors map is

shown in Figure 4(b). The position priors map can be re-
garded as a heatmap, where smaller values (darker in Fig-
ure 4(b)) indicate a higher potential for the existence of an
object.
Class priors. The pixels enclosed by the bounding box
form a superset of the object pixels. Therefore, pixels in-
side the bounding box may belong to the bounding box
class, and pixels outside all bounding boxes must belong
to the background class. Based on this property, we use the
bounding box class to construct the class priors map. We re-
fer to pixels within at least one bounding box as foreground
pixels, otherwise as background pixels. For a foreground
pixel, if it is inside only one bounding box, its value in class
priors map is the index of the bounding box class; if it is
inside more than one bounding box, its value in class priors
map depends on the bounding box with smaller area. For a
background pixel, its value in class priors map is the index
of the background class.
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The visualization result of the class priors map is shown
in Figure 4(c). The class priors map encodes the possible
classes of foreground pixels, which can guide the AnnNet
to distinguish between different classes of objects.

3.3. Mixed-dual-head

If we want to train the semantic segmentation network
using weakly labeled images in a supervised manner, we
need to estimate pixel-level labels based on weak labels
somehow. Despite the fact that we already apply appro-
priate methods to filter out the potential mislabeled pixels
when generating proposal masks and pseudo masks, there
are still mislabeled pixels. Compared with strong super-
vision (ground-truth masks), the estimated proposal masks
and pseudo masks can be considered as weak supervision
that contains label noise. Aiming to reduce the interference
of label noise while ensuring the training stability, we seek
to a proper way to utilize both strong and weak supervision.

We can split the semantic segmentation network into the
feature extractor and the prediction head. The feature ex-
tractor is responsible for extracting feature representation
from the image. The prediction head predicts the class of
pixels using the extract features. As shown in Figure 5,
there are three ways to utilize both strong and weak super-
vision.

Figure 5(a) shows the commonly used structure with one
single head. Fully labeled images and weakly labeled im-
ages go through the same prediction head to calculate the
loss. In this case, strong and weak supervision are treated
equally.

Figure 5(b) shows the dual-head training method. Fully
labeled images and weakly labeled images go through the
same feature extractor but different prediction heads to cal-
culate the loss separately. After training, the weak head is
discarded. We believe that the prediction head is more vul-
nerable to the interference from label noise than the fea-
ture extractor. The design of such separate strong and weak
prediction heads can reduce the interference of label noise
from weak supervision on the strong head. However, since
the strong head is supervised with only strong supervision,
a major drawback of this method is that the strong head can-
not be well trained when there are few fully labeled images.

Figure 5(c) shows the proposed mixed-dual-head train-
ing method. The network structure of mixed-dual-head
is the same as that of dual-head, and only strong head is
used for inference as well. In order to address the above-
mentioned drawback of dual-head, we train the strong head
with a mixture of fully labeled and weakly labeled images.
In this way, the strong head can benefit from the large num-
ber of weakly labeled images while reducing the interfer-
ence of label noise. We use the hyperparameter r (7:1 by de-
fault) to control the mixing ratio between fully labeled and
weakly labeled images in strong head. We apply the mixed-
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Figure 5. Three ways to utilize both strong and weak supervision.
(a) Single-head simply supervises the prediction head with a mix-
ture of strong and weak supervision. (b) Dual-head supervises
the strong and weak head using strong and weak supervision sep-
arately. (c) Mixed-dual-head supervises the strong head with a
mixture of strong and weak supervision, which can improve the
training robustness while reducing the interference of label noise.
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dual-head training method to both AnnNet and SegNet. We
will show the effectiveness of the mixed-dual-head training
method and its superiority over single-head and dual-head
in Section 4.4.

3.4. Training

As mentioned before, our framework contains three
training stages: (1) AnnNet training, (2) pseudo mask gen-
eration, and (3) SegNet training. We call performing stage
(1), stage (2), and stage (3) once as a training round. Details
about one training round of our framework can be found in
Section A of the supplemental material.

The training set consists of two parts: the fully labeled
dataset F = { (xi,yi,bi)}le containing F fully labeled
images and the weakly labeled dataset W = {(x;, bi)}zl
containing W weakly labeled images, where x; denotes i-th
image, y; and b; denote its ground-truth mask and bounding
box label.

We train AnnNet and SegNet with the proposed mixed-
dual-head method in stage (1) and (3), respectively. The
differences are: 1) the proposal masks of weakly labeled
images for AnnNet are generated by GrabCut and MCG,
whereas the pseudo masks for SegNet are generated by
AnnNet (the visualization of some proposal and pseudo
masks are shown in Section E of the supplementary ma-
terial); 2) only AnnNet is trained with position and class
priors.

In stage (2), we use a threshold 7 to obtain pseudo masks
from the prediction results of AnnNet. For each pixel p, its
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pseudo label is generated as follows:

1 ifc=argmaxy’ (p) and §¢(p) > 7

0 otherwise

where ¢ (p) denotes the predicted probability of pixel p and
97 (p) is the prediced probability of class j. Similarly, 7 (p)
denotes the pseudo label of pixel p which is a one-hot vector
and 3¢ (p) is the c-th element. Note that ¢ (p) can be a zero
vector, meaning the pseudo label of this pixel is ignored
when used to train the SegNet.

4. Experiment
4.1. Datasets and evaluation metrics

We evaluate our framework on PASCAL VOC 2012
dataset [9], which contains 21 classes including back-
ground. In addition, we utilize the extra annotated images
from SBD [13] dataset. In total, there are 10582 images
for training, 1449 images for validation. We use the stan-
dard mean Intersection over Union (mloU) as the evaluation
metric for all experiments.

4.2. Implementation Details

We adopt HRNetV2-W48 [37] as AnnNet (additional
experiments about the selection of AnnNet can be found
in Section C of the supplemental material). Since Seg-
Net is used for deployment, we use the commonly used
DeepLabv3+ [4] as SegNet for fair comparison. We use
ResNet-101 [14] and ResNeSt-101 [50] as the backbone
network of SegNet to compare with other methods, and
mainly use ResNet-50 [14] in ablation experiments. Fol-
lowing the common practice, we use the weights pretrained
on ImageNet [7] for all backbone networks. The threshold
T required for generating the pseudo masks is set to 0.9. The
mixing ratio r between fully labeled and weakly labeled im-
ages in strong head is set to 7:1 by default.

We train both AnnNet and SegNet for 60 epochs. We
adopt SGD as the optimizer with a momentum of 0.9 and
a batch size of 32. The initial learning rates of AnnNet
and SegNet are set to 0.0008 and 0.004, respectively. We
employ a poly learning rate policy with power of 0.9. We
apply common data augmentation, including random hori-
zontal flipping, random scaling in the range of [0.5, 2.0] and
random cropping with a size of 512x512. Without special
statements, we use single-scale input during inference.

We modify the first convolutional layer of HRNetV2-
W48, which is used as our AnnNet, to allow it to accept
5-channel data as input. We also remove the last convolu-
tional layer of HRNetV2-W48 and DeepLabv3+ used for
prediction and then add two parallel prediction heads to im-
plement the dual-head or mixed-dual-head training method.
The two added heads have the same structure, including a

1x1 convolutional layer followed by a batch normalization
layer and ReL.U activation, and a 1x1 convolutional layer
for prediction.

Figure 6. Qualitative results on PASCAL VOC 2012 val set. Our
framework can achieve better segmentation results with fewer
ground-truth masks than the fully supervised baseline. (a) Image.
(b) Ground Truth. (c) Fully Supervised. (d) Ours.

4.3. Quantitative and qualitative results

We train the DeepLabv3+ model using 10582 images
with ground-truth masks as our fully supervised baseline.
Following the common practice, we train our framework
using 1464 images with ground-truth masks from PAS-
CAL VOC 2012 training set and extra 9118 images with
only bounding box labels from SBD. We use the same
DeepLabv3+ framework as our SegNet, except that an ad-
ditional prediction head is added during training phase. But
the network structure of SegNet is exactly the same as the
baseline model at inference time.

The results on PASCAL VOC 2012 validation set are
shown in Table 1. “Fully Supervised” is our implementa-
tion of baseline DeepLabv3+. Our reproduction has a mloU
score of 80.69% with ResNet-101, which is slightly bet-
ter than 80.22% reported in [4]. Therefore, our reproduced
fully supervised baseline is convincing. It can be seen that
our framework outperforms the fully supervised baseline by
a large margin with even fewer ground-truth masks. We at-
tribute this result to two aspects. First, we observe that the
extra ground-truth masks from SBD are not as fine-grained
as those from PASCAL VOC 2012. Possibly the label noise
from SBD affects the performance of the baseline model.
More importantly, our framework extract position and class
priors from bounding boxes to ensure the quality of pseudo
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Method Backbone F W MS mloU
Fully Supervised ~ ResNet-50 10582 - 78.55
Ours ResNet-50 1464 9118 81.31

Fully Supervised ~ ResNet-50 10582 - v' 79.39
Ours ResNet-50 1464 9118 v 82.26

Fully Supervised ~ ResNet-101 10582 - v 80.69
Ours ResNet-101 1464 9118 v 83.78
Fully Supervised ResNeSt-101 10582 - v 82.69
Ours ResNeSt-101 1464 9118 v 85.05

Table 1. Results on PASCAL VOC 2012 val set. F and W are
the numbers of fully labeled images and weakly labeled images,
respectively. “MS” denotes using multi-scale and left-right flipped
inputs at inference time.

Backbone F W mloU
w/o priors ResNet-50 1464 9118 79.30
w/ priors  ResNet-50 1464 9118 81.31

Table 2. Ablation study of our framework on PASCAL VOC 2012
val set with or without priors information.

masks and use mixed-dual-head training method to reduce
the negative effect of label noise. Some qualitative results
are presented in Figure 6.

4.4. Ablation studies

The effectiveness of priors. To verify the effect of priors
added to the input of AnnNet, we evaluate the performance
of our framework with or without priors. Without priors,
the input of AnnNet is the 3-channel RGB image. The ex-
periment results are shown in Table 2. With priors added to
the input of AnnNet, the performance of SegNet is signif-
icantly improved by 2.01%, implying that priors can make
AnnNet produce better pseudo masks which bring gains to
SegNet. Additional experiments about adding priors or not
are shown in supplemental material Section B.

Choice of mixing ratio 7. We use r to control the mix-
ing ratio between fully labeled and weakly labeled images
in strong head. While keeping more fully labeled images
than weakly labeled ones in strong head, we vary the mix-
ing ratio r and show the results in Table 3. A relatively
high performance is obtained when » = 7 : 1, which is
the default value for subsequent experiments. In addition,
performance of our framework still outperforms the fully
supervised baseline (78.55%) whenr =5 :3 or 6 : 2.

T Backbone F w mloU
5:3  ResNet-50 1464 9118 80.22
6:2 ResNet-50 1464 9118 80.64
7:1 ResNet-50 1464 9118 81.31

Table 3. Ablation study of our framework on PASCAL VOC 2012
val set for different mixing ratio r.

The effectiveness of mixed-dual-head. To verify the ef-

fectiveness of proposed mixed-dual-head training method,
we conduct experiments with three kinds of training meth-
ods shown in Figure 5. The results are shown in Table 4. It
can be observed that both dual-head and mixed-dual-head
are significantly superior to single-head. This indicates that
the separate strong and weak prediction heads can improve
the performance by reducing the interference of label noise.
In addition, the performance of mixed-dual-head is slightly
higher than that of dual-head.

Backbone F w mloU

single-head ResNet-50 1464 9118 78.96
dual-head ResNet-50 1464 9118 81.03
mixed-dual-head ResNet-50 1464 9118 81.31

Table 4. Ablation study of our framework on PASCAL VOC 2012
val set for different prediction head.

Backbone F w mloU

dual-head ResNet-50 374 10235 78.95
mixed-dual-head ResNet-50 374 10235 77.99
dual-head ResNet-50 166 10416  73.32
mixed-dual-head ResNet-50 166 10416  76.88
dual-head ResNet-50 83 10499  67.07
mixed-dual-head ResNet-50 83 10499  76.62

Table 5. Ablation study of our framework on PASCAL VOC 2012
val set for varying numbers of fully labeled images.
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Figure 7. The performance of dual-head and mixed-dual-head on
PASCAL VOC 2012 val set during training when F'=83.

To further verify the superiority of mixed-dual-head, we
conduct experiments with fewer fully labeled images. As
shown in Table 5, when the number of fully labeled im-
ages decreases, the performance of dual-head degrades dra-
matically (78.95% — 73.32% — 67.07%). In comparison,
the performance drop of mixed-dual-head is much smaller
(77.99% — 76.88% — 76.62%). We also observe that the
performance of dual-head becomes unstable during training
when F' = 83, as shown in Figure 7. It shows that the pro-
posed mixed-dual-head training method can improve train-
ing stability, especially when there are few fully labeled im-
ages. A better training stability means a better robustness of
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our framework, which can avoid the dramatic performance
degradation due to a decreasing number of fully labeled im-
ages.

Iterative training. Our framework can benefit from iter-
ative training. To verify this, we perform multiple rounds
of iterative training for AnnNet. At the end of each train-
ing round, the AnnNet predicts pseudo masks for weakly
labeled images, and the pseudo masks are then used as
supervision for AnnNet in the next training round. We
record the performance of SegNet in each round, and the re-
sults are shown in Table 6. The experiments are conducted
when F' = 83. It can be observed that the performance
of our framework is further improved by iterative training.
Surprisingly, the performance of our framework after four
rounds of iterative training with only 83 fully labeled im-
ages even exceeds the fully supervised baseline (78.55%).
The visualization of some pseudo masks can be found in
supplemental material Section D.

Round Backbone F w mloU
1 ResNet-50 83 10499 76.62
2 ResNet-50 83 10499 78.53
3 ResNet-50 83 10499 77.88
4 ResNet-50 83 10499 79.49

Table 6. Ablation study of our framework on PASCAL VOC 2012
val set for iterative training.

Backbone F w MS mloU
ResNet-50 1464 9118 v 8226
ResNet-50 1464 9118+94k v 83.94
ResNet-101 1464 9118 v 8378
ResNet-101 1464 9118+94k v 85.16
ResNeSt-101 1464 9118 v 85.05
ResNeSt-101 1464 9118+94k v 86.10

Table 7. Ablation study of our framework on PASCAL VOC 2012
val set for fine-tuning on COCO dataset. “+94k” denotes using
extra images from COCO 2017. “MS” denotes using multi-scale
and left-right flipped inputs at inference time.

Fine-tuning with COCO dataset. To investigate the per-
formance gain of our framework when more weakly labeled
images are available, we perform fine-tuning experiments
with COCO [28] dataset. Specifically, we first follow the
same procedure as before to train the AnnNet and SegNet
for 60 epochs using 1464 fully labeled images and 9118
weakly labeled images from PASCAL VOC 2012 dataset.
We then use the trained AnnNet to predict pseudo masks
for around 94k images in COCO 2017 training set that con-
tain objects belonging to the 20 classes in PASCAL VOC
2012 dataset. The bounding box labels of these 94k images
are used to form the 5-channel input for AnnNet. The vi-
sualization of some pseudo masks of COCO dataset can be
found in Section F of the supplemental material. We can

see from the visualization results that the quality of pseudo
masks is quite impressive even in some complex scenarios,
which implies the effectiveness of position and class pri-
ors introduced in AnnNet. Finally, we fine-tune the trained
SegNet with 9118+94k images for 30 epochs. When fine-
tuning, the learning rate of SegNet is set to 0.001. As shown
in Table 7, the performance of our framework is further im-
proved with more weakly labeled images.

Method Backbone F W MS mloU FS%
Self-correcting [18] ~ Xception-65 1464 9118 v 82.33 101.38
Ours ResNet-50 1464 9118 v 8226 103.62
Ours ResNet-101 1464 9118 v 83.78 103.83
Ours ResNeSt-101 1464 9118 v 85.05 102.80

BCM [34] ResNet-101 1464 9118 71.60  96.11
BoxSup [6] VGG-16 1464 9118 63.50  99.53
SDI [19] VGG-16 1464 9118 65.80 9522
WSSL [31] VGG-16 1464 9118 65.10  96.30

Table 8. Comparison with other methods on PASCAL VOC 2012
val set. “MS” denotes using multi-scale and left-right flipped in-
puts at inference time.

4.5. Comparison with state-of-the-art

We compare our framework with state-of-the-art meth-
ods on PASCAL VOC 2012 dataset, as shown in Table 8.
We mainly compare our framework with Self-correcting
[18], which also uses fully labeled images and weakly la-
beled images with bounding box labels to perform semi-
supervised semantic segmentation. They use the same
DeepLabv3+ model as we do, but with Xception [5] as
backbone. Note that the performance of DeepLabv3+ with
Xception (81.21%) is better than that with ResNet-101
(80.22%), as reported in [4]. In the lower half of Table 8, we
record the performance of semi-supervised semantic seg-
mentation from some weakly supervised methods which
also use bounding boxes as weak labels. FS% denotes the
performance relative to the fully supervised counterpart. It
can be seen that the performance of both Self-correcting
and our framework exceeds the respective fully supervised
counterparts. Moreover, our framework achieves a new
state-of-the-art performance.

5. Conclution

We believe that improving the quality of pseudo masks
and reducing the interference of label noise are critical for
semi-supervised semantic segmentation. Based on this, we
design the position and class priors and propose mixed-
dual-head training method. Despite it is simple, experiment
results show that our proposed framework is effective and
stable. Exploration about how to further weaken the effect
of label noise while maximizing the utilization of weakly
labeled images, and extending our framework to instance
segmentation will be studied in our future work.
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