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A. Pseudo-code for HyperFD

We summarize the flow of the full algorithm as follows.

B. Experiment setups
B.1. Detector training

We use RetinaFace [9] with MobileNet-V2 [30] (chan-
nels x 0.5 variant). The channels of FPN and context mod-
ules are set to 80. The backbone is firstly pre-trained on
ImageNet [7], and then the full detector is further pre-
trained on WIDER-Face [36] to boost the performance of
the model, especially on small datasets like PASCAL [11].
For training, we set batch size to 32, image size to 640 x 640
(after crop), and uses LeakyReLU as activation functions.
We perform a validation per 10 epochs of training, and
we adopt a “Reduce LR on Plateau” policy that decays the
learning rate by 10 when metric on validation set stagnates
in the 5 past evaluations. The maximum epochs of training
is 1000, but we stop the training when the validation per-
formance no longer increases for 8 times. For evaluation,
we follow [9,22,35] to rescale the shorter side of images to
720 pixels, ignore bounding boxes smaller than 36 pixels,
and perform Non-maximum Suppression (NMS) on over-
lap predictions with a 0.4 IoU threshold. We select the best
model in history and evaluate it on test dataset. We use
Average-Precision at IoU 0.5 (AP@50) as our evaluation
metric, with the evaluation scheme implemented in MMDe-
tection [5].

B.2. Detection datasets

We gather 12 public datasets for our evaluation,

which includes AFLW [24], Anime [27], FaceMask [16],
FDDB [17], FDDB-360 [13], MAFA [15], Pascal
VOC [11], UFDD [25], UMDAA-02 [23], WIDER-
Face [36], WIDER-360 [14], WIKI [29]. The datasets

span multiple categories, including faces with masks, anime
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Algorithm 1 HyperFD

Input: Search space of configurations C. Offline pre-
pared datasets Dogine. A sequence of online datasets
D = {dy,ds,...,dn}. Detector training and evaluation
pipeline AP(c,d). Budget for each task B. Batches to
update for each task Nj.. Iterations of updates of trans-
formation module Ny, Learning rates 7, and 7.

Output: Best configurations {c, c5, ..., ¢y}
> Warm-up
Soffline <— {(C, d, AP(C, d)) | celC,de Dofﬂine}.

0 < arg ming Lot (F; Softine)-
Spou = {}.
6 9.

fort=1,2,..
> Inference
Get top-B configs C; = {c1,¢a,...,cp} with F.
¢; < argmax; AP(Cy;,d;). > Costly step

., N do

> Training
S+ {(C, dt,AP(C, dt) ‘ cE Ct}
fori =1,2,..., Niters do
> Training of transformation module

for k=1,2,..., Nyas do
foru=1,2,...,t—1do
Z(u) — Z(u) - nzvz(u)‘clrans (Z(u); Dofﬂine)-
end for
end for

> Training of performance ranker
0«0 — UQVOEtolal(F§ S U Spast)-
end for

0 « 6.
Spast = Spast U{ (¢, 1, AP(c, dy) | ¢ € Ci}.
end for




Dataset # Images # Faces # Faces
Train  Val Test  perimage w. landm.

AFLW [24] 12477 2079 6239 1.5 79%
Anime [27] 3703 617 1851 1.2 None
FaceMask [16] 2554 425 1278 1.7 None
FDDB [17] 1693 282 846 1.8 None
FDDB-360 [13] 4867 811 2433 1.6 None
MAFA [15] 23261 2585 4927 1.0 None
Pascal VOC [11] 511 85 255 1.9 None
UFDD [25] 1781 296 892 3.7 None
UMDAA-02 [23] 16934 1881 4708 1.0 None
WIDER-Face [36] 9665 1600 4832 12.2 80%
WIDER-360 [14] 38321 6394 19145 7.3 None
WIKI [29] 20941 3490 10471 1.2 None

Table 1. Statistical information of all datasets.

faces, faces from fisheye cameras, selfies from cellphones
and etc. A preview of the datasets is shown in Figure 1.
Apart from cleanup for illegal bounding boxes and cor-
rupted images (particularly on WIKI, WIDER-Face, and
UMDAA-02), the quality of annotations on AFLW and
WIKI is particularly low, as they are designed for other
vision tasks (e.g. facial landmarks and face recognition).
Thus, we only consider the original ground truth bound-
ing boxes as a reference and use RetinaFace [9] to ensure
the quality of weak labels with bipartite matching towards
old labels. Specifically, we replace the original ground truth
labels with the weak labels if IoU threshold > 0.4 by bipar-
tite matching. For unmatched labels, we mark the confi-
dence > 0.95 as positive. For hard cases that detectors have
little confidence, we manually checked each of them. We
also unify the format of facial landmarks to 5 points (i.e.
eyes, noses, mouths), preserving the landmark annotations
in AFLW (downsize the 19 landmarks) and WIDER-Face.
Finally, we split each dataset into three splits: train, val and
test, in the ratio of 6:1:3. This split is fixed and we will use
it in all our following experiments. The overall statistics of
all processed datasets are provided in Table 1.

B.3. Search space

The hyper-parameter search space (HPO space) is shown
in Table 2.

The neural architecture search space (NAS space) is
shown in Table 3. The space is essentially a channels
x0.5 variant of ProxylessNAS search space [3]. For de-
tection purposes, we extract feature maps from the end of
stage 3, 5 and 7, with down-sampling by 8, 16 and 32 re-
spectively. To benefit from pre-training, we use parameter-
remapping [12], where we train the largest network in the
search space first, and map the weights to the target network
with a set of rules.

Optimizer { SGD, Adam }
Learning rate {3-107%,1073,3 - 1072}
Min crop ratio {0.3,0.55}

IoU threshold {0.4,0.5,0.6}
Location loss weight {2,4,8}
Neg-pos samples ratio {2,7}

Table 2. HPO space contains 216 combinations of hyper-
parameters. For IoU threshold, we show the positive matching
threshold in the table, while the negative threshold = pos/2+0.05.

Stage Depth Expandratio Kernel size Width Stride

1 1 1 3 8 1
2 1-3 {4,6} {3,5,7} 12 2
3 1-3 {4,6} {3,5,7} 16 2
4 24 {4,6} {3,5,7} 32 2
5 34 {4,6} {3,5,7} 48 1
6 2-4 {4,6} {3,5,7} 80 2
7 1 {4,6} {3,5,7} 160 1
Table 3. Search space for neural architectures.
Task Model Layer
Classification EfficientNet [32] Last hidden layer
Classification IBN-Net [26] Last hidden layer
Classification Places365 [18] Last hidden layer
Detection DETR [4] Transformer encoder
Detection RetinaNet [21] FPN
Detection CenterFace [35] Before heads

Face recognition  ArcFace [§] t
Face emotion FerPlus [ 1] Last hidden layer
Face age VGG16-Age [20] Final layer

Face gender VGG16-Gender [20]  Last hidden layer
Label statistics ¥ — -

Final layer

Table 4. List of pre-trained models used to generated features for
augmentation. {: For ArcFace, we have two variants which feed
the full image and the dominant face crop respectively. I: Areas of
bounding boxes on the image, described by scipy.describe.

B.4. Dataset augmentation

Dataset augmentation intends to create a large number
of diverse datasets. To this end, we first extract features for
each image using pre-trained models with diverse usages
collected from model zoos (e.g., ONNX model zoo'). We
use intermediate layers of features so that fine-grained dis-
tribution information is not lost. Table 4 shows a list of the
used pre-trained models.

For each set of generated features, we run multiple com-
binations of clustering algorithms and configurations to get
a diverse series of clustering results. The list is described in
Table 5. The implementations are with scikit-learn, and we
throw away too small sub-datasets generated (less than 800
images) and too large subsets (less than 800 images are not

https://github.com/onnx/models
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Figure 1. Preview of 12 datasets. We show 3 images per dataset.

#  Algorithm Configuration

1 K-Means MaxIter=2000, k-means++ init
2  K-Means MaxIter=2000, random init

3  PCA + K-Means #components=20

4 PCA +t-SNE + K-Means  #components=2

5 DBSCAN eps=10, metric=12

6 DBSCAN eps=10, metric=cosine

7  Agglomerative

8 Agglomerative affinity=mahattan

9  Birch [37]

Table 5. List of clustering algorithms and configurations to group
the images based on features. The “number of clusters” is iterated
in 2, 3, 5 and 7 for each configuration. The interpretation of con-
figurations corresponds to parameters in scikit-learn.

selected). We respect the original train-validation-test split,
and also remove subsets where the split becomes too devi-
ated from balance. Finally, we have got 1418 sub-datasets
generated from the original WIDER-Face dataset.

B.5. Performance ranker

Important hyper-parameters for performance ranker is
shown in Table 6. Notably, we make the samples from
Softiine to be more likely to be sampled, because there are
significantly more offline samples than online samples.

For configuration encoder used in NAS, we use GIN [34]
with 2 layers, dropout rate 0.2 and a learn-able epsilon.
We add two virtual nodes to aggregate information from all
nodes in each layer, similar to [31].

To accelerate the evaluation and save the huge computa-
tional cost to train and evaluate configurations repeatedly,
we build a benchmark, i.e., a performance lookup table,
which consists of the validation and test AP of a specific
configuration trained on a specific dataset. For each dataset,
we randomly sample 200 distinct configurations from HPO
and NAS space respectively. Afterwards, the ranker is in-
ferenced on the 200 and the best is selected from them. This
practice follows many recent NAS works [2, 19,28,33]. No-
tably, for larger space, the random sampling step can be eas-

Hidden units 64
Learning rate (7, and ) 0.0001
Optimizer Adam
Batch size 4
Niiers (batches per task) 50
Nyans (transf. iterations) 20
Asim (triplet loss weight) 0.03
« (triplet loss margin) 0.5
Areg (ST weight) 10000
|Sofﬂine| : |Spast| : |S| 5:1:1
Exploration-exploitation ratio 0.5

Table 6. Hyper-parameters to train the performance ranker. See
Alg. 1 and §3 for explanation of notations.

ily replaced with an active learning approach (e.g., bayesian
optimization), but since the newly sampled configuration is
likely to be a unseen one, we would not be able to use a
benchmark to accelerate this process.

C. More experiment results

The performance of HyperFD on each dataset is shown
in Table 7. Since the datasets can appear in random order
during our evaluation, this table shows an average case of
how much the dataset can benefit from others. HyperFD
outcompetes baselines on most of the datasets. We also
note that different datasets have different difficulties, caus-
ing performance gains to diverse. For example, we can
easily get 1.1% AP improvement on WIDER-360, but for
WIKI, the baseline is very close to perfect and the room
for improvement is very narrow. The standard deviations of
multiple runs with different random seeds are also shown in
those tables.

D. Analysis of performance benchmark

As we have collected a large number of triplets (con-
figurations, datasets and performances), we share some of
the observations on this performance benchmark. We hope



Method AFLW ANIME _ FaceMask FDDB _ FDDB-360 MAFA _ Pascal VOC _ UFDD _ UMDAA-02 WIDER360  WIKI Average

Random search 99.15+0.12  97.58+0.18 94.32+0.43 97.42+0.22 97.00+0.18 92.98+0.48 97.36+0.41 78.50+0.59  99.63+0.04  67.23+0.97  99.67+0.08 | 92.8049.90
Beston WIDER | 99.00£0.00 97.53+£0.00 94.0240.00 97.11+0.00 97.2240.00 93.13£0.00 97.12+0.00 78.27+0.00 99.60£0.00  69.53+0.00  99.63£0.00 | 92.92+9.36
Tr-AutoML 99.12+£0.12  97.58+0.16 94.51+0.35 97.34+0.29 96.91+0.23 93.28+0.35 97.20£0.60 78.59+0.46  99.60+£0.06  66.84:+1.36  99.67+0.06 | 92.79+9.96
HyperSTAR 99.09+0.19  97.60+0.16  94.32+0.46  97.40+0.25 96.97+0.25 92.86+0.40 97.21+0.32 78.76+0.42 99.63+0.04  66.86+1.23  99.66+0.06 | 92.764+9.94
SCoT 99.17£0.11  97.62+£0.20 94.25+0.55 97.38+0.16 96.91+0.23 92.80£0.46 97.39+0.36 78.49+0.57 99.62+£0.04  67.40+0.72  99.69::0.04 | 92.79+9.86
HyperFD (ResNet) | 99.21£0.09 97.69£0.14 94.47+032 97.53x0.12 96.93+021 92.68£0.54 97.5320.39 78.63£0.41 99.63£0.03 66.59+0.79 99.71=0.04 | 92.78+10.05
HyperED (stats) | 99.2120.06  97.61£0.16 94.36£036 97.54£0.12 96.91+0.15 92.83£0.34 97.56+0.12 78.77+0.48 99.62+0.04  66.79£1.07  99.70+£0.04 | 92.81:£9.98
HyperFD (MSE) 99.17+0.08  97.43+0.20 94.43+0.48 97.42+0.24 96.96+0.14 93.08+0.46 97.34+0.26 78.47+0.58 99.62+0.05  67.16+0.80  99.69+0.02 | 92.80+9.91
HyperFD 99255001  97.57£0.11 94.39+0.28 97.62+0.02 96.93:0.22 92.82+0.34 97.63:0.05 78.62:0.32 99.64=0.01  68.31+0.49 99.71+0.01 | 92.95:9.66

(a) AP of searched configuration on HPO space. The higher the better.

Method AFLW ANIME _ FaceMask FDDB _ FDDB-360 MAFA _ Pascal VOC __ UFDD _ UMDAA-02 WIDER360  WIKI Average

Random search 99.07+0.07  97.27+0.19  93.95+£0.27 96.85+0.26 96.70+0.18 93.91+0.29  95.58+0.50 76.89+0.60  99.724+0.03  66.17+0.43  99.51+0.06 | 92.33+10.24
Beston WIDER | 99.14+0.00 97.37+0.17 94.36+£0.09 96.87+0.08 96.95+0.02 93.65£0.09 95.87+0.00 77.39+0.02 99.70+£0.01  66.75+0.13  99.59:£0.00 | 92.51+10.07
Tr-AutoML 99.03+£0.13  97.38+£0.21 93.89+0.42 96.71+0.29 96.80+0.11 93.95+045 95.15£0.76 76.67+0.66 99.71+0.04  66.35+0.30  99.45+0.11 | 92.28::10.22
HyperSTAR 99.06+0.09  97.31+0.18  93.994+0.17 96.85+0.25 96.71+0.12 93.844+0.34  95.65+0.54 76.84+0.63 99.71+0.03  66.02+0.39  99.50+0.04 | 92.32+10.29
SCoT 99.07+0.06  97.26+0.16  93.93+£0.26 96.80+0.27 96.71+0.22 93.83+£0.33  95.53+0.52 76.79+0.62 99.73+£0.02  66.18+0.35  99.50+0.06 | 92.30+10.25
HyperFD (ResNet) | 99.1320.04 97.35£0.13 94.07+£0.28 96.90+0.14 96.78+0.12 9391£033 95.79+0.38 77.39£0.24 99.73£0.04 66.54+021 99.57=0.03 | 92.47=10.11
HyperED (stats) | 99.1420.05 97.33+0.18 93.94£0.15 96932020 96.75+0.15 94.03£0.30 95.73+047 77.41£0.35 99.73+0.03  66.63£0.19  99.57:£0.03 | 92.4710.09
HyperFD (MSE) 99.07+0.07  97.21+0.19  93.7940.19 97.10+0.30 96.67+0.11 93.9940.22 95.38+0.59 77.13+0.36  99.73+0.03  66.18+0.34  99.57+0.03 | 92.35+10.21
HyperFD 99.16:0.05  97.40£0.07 93.89+0.25 97.05:0.15 96.90+0.11 94.13:0.05 95.92+0.12 77.61=0.07 99.72£0.03  66.64£0.05 99.58+0.02 | 92.55:10.08

(b) AP of searched configuration on NAS space. The higher the better.

Method AFLW ANIME FaceMask FDDB FDDB-360 MAFA Pascal VOC UFDD __ UMDAA-02 _ WIDER-360 WIKI Average

Random search 20.09+1621 20.09+1622 20.09£1622 20.09£1622 20.09+1622 20.09+1621 20.09+1622 20.09+1622 20.09£1622 20.10£1621 20.09+16.22 | 20.09+16.21
Best on WIDER 41.40£0.00  19.91£0.00  31.94+0.00  47.2240.00  2.78£0.00  12.68+0.00  30.09£0.00  25.46+0.00  30.09+0.00  0.48+0.00  34.26+0.00 | 25.12:0.00
Tr-AutoML 23.90+17.57 19.87+17.47 13.35:1152 2432+£19.19 273942026  10.58+9.94 26.03+22.64 17.81+£1223 31.48+22.02 29.49+24.19 19.76:+15.84 | 22.18+17.53
HyperSTAR 2649+22.28 17.64+14.24  20.14+1601 21.34+18.66 21.60+21.23 23.26+14.44 27.18+14.03 12.75+10.95 20.76:1537 27.76+21.04 23.10+15.07 | 22.00+16.67
SCoT 16.56:15.89  18.03+15.20 237742220 24.58+14.01 269041923 26.34+1543 19.10£15.88 20.86+1635 21.94:1576 16.24+11.10 14.84+11.29 | 20.83+15.68
HyperFD (ResNet) | 10.75+12.58  10.09£9.67 14.23£1039 11744995 2641+19.02 30.91£1929 12721473 15.23£1201 2022+1278 30.78£1575 8.41+10.46 | 17.41+13.33
HyperFD (Statistics) | 10.37£9.27  16.00+14.12 18.08+13.88  10.42£9.89 27.22+15.80 24.53+12.56 11.81£532 13.26£11.94 21.67+16.47 28.55+17.73 11.62+10.50 | 17.59+12.50
HyperFD (MSE) 16.60+11.28  35.40+23.94 17.56+15.89 20.19£18.65 22.65:14.64 17.15+14.33 21.37+11.39 18.48+17.16 25.04:18.04 20.18:12.14  15.56+7.39 | 20.93+14.99
HyperFD 448075 1820=7.70  16.1948.62  3.83+1.83 25751955 25.36=12.19 832£2.23 15352609 12943515  4.66=4.09  9.63=437 | 13.1626.60

(c) Rank (normalized) of searched configuration on HPO space. The lower the better.

Method AFLW ANIME FaceMask FDDB FDDB-360 MAFA Pascal VOC UFDD _ UMDAA-02  WIDER-360 WIKI Average

Random search 20101621 20.10£1621 20.10£1621 20.10£16.21 20.10+1621 20.10£1621 20.10£16.21 20.10£1621 20.10£16.21 20.10£16.20 20.10£16.20 | 20.10£16.21
Best on WIDER 6.00+0.00  11.04+7.09  2.81+127 1514353  2.62£096 34914615  7.54+0.00  4.51£0.08  30.50+4.69  2.64+224  3.01£030 | 1097+2.39
Tr-AutoML 30.46+29.48 16.94+£17.09 26732691 27.82+421.15  8.5447.09  21.39+24.41 322242795 30.82+£22.48 344642125 1347+9.68  3534+29.03 | 25.29+21.50
HyperSTAR 23.70+£21.27 17.20£14.12  15.05£10.76 19.67+15.01 18.15+11.33 24.55+1837 18.02+17.67 21.91+17.90 26.15+14.62 25.78+14.72 21.83+1233 | 21.09+15.28
SCoT 20.08+13.80 20.12+£1234 20.52+16.06 23.53+£1645 211241848 2543+17.77 212141801 22.69+1824  15.6048.85 19.02+13.15  25.03+19.44 | 21.30415.69
HyperFD (ResNet) | 9.03:6.82 1144642 14341072 13.97£6.63 11.75£8.00 21.61+16.19 13.10£10.08 5.94=5.18 17.31£15.18 7.26%6.16  5.906.08 | 11.97+8.86
HyperFD (Statistics) | 8.03+6.10  1345+1537  17.4249.92  14.20+1038 14.82+11.45 151041421 1585+1239 696478  1543+1429 4824482  6.52+6.74 | 12.06+10.04
HyperFD (MSE) 22.07£19.74  26.07+19.50 29.64+15.64  8.93+7.67  21.07+11.73  15.08+10.85 26.63+21.48 12424873 15791235 18.69+12.56  537+6.05 | 18.34=13.30
HyperFD 5045332 673173 23.15£12.00 751£6.50  4.86=4.19  5.42+0.69  6.83=1.74 _ 3.03:054  16.70+11.03 291=049 346403 | 7.78+4.21

(d) Rank (normalized) of searched configuration on NAS space. The lower the better.

Table 7. Performance of HyperFD per dataset, along with standard deviation.

those insights will inspire future research work of transfer-
able AutoML.

Performance distribution and sensitivity to search
space. We check the detection performance (AP@50), as
shown in Figure 2. The hardest dataset is “WIDER-360", on
which the best AP is less than 70%. UMDAA-02 turns out
to be the easiest dataset of all, on which the majority of con-
figurations are above 99.2%. The overall performance of
HPO space is generally higher than NAS space, but MAFA
and UMDAA-(02 are two exceptions, where NAS is more
useful than HPO.

The datasets that are most sensitive to hyper-parameter
tuning are WIDER-360 and UFDD, where the gap be-
tween the best hyper-parameter and the worst differ by as
much as 10%. while performances on UMDAA-02, WIKI
and AFLW are very close, with less than 2% min-max-
difference. For neural architecture search, the best and
worst are closer in general, indicating that the final perfor-
mance is less sensitive to changes in architectures alone.

To combine the advantages from both HPO and NAS

space, one approach is do a joint search of hyper-parameters
and neural architectures. However, this poses new chal-
lenges, both to search space design and search algorithms.
There have been a few recent works that are jointly optimiz-
ing hyper-parameters and architectures [0, | 0], but this prob-
lem remains challenging and open, even outside the context
of transferable AutoML.

Validation-test correlation. For each dataset, we show
the correlation between rankings on validation set versus
rankings based on test set, i.e., whether the better configu-
ration found with validation dataset still performs better on
a unseen test dataset. The results are shown in Figure 3. If
the correlation is low, it means that a model that performs
better on validation set does not necessarily performs better
on the test dataset. This could be caused by the gap between
distributions of validation and test set, and indistinguisha-
bility between configurations. Datasets suffering from such
problem is ANIME and FaceMask, and NAS space is gener-
ally worse than HPO space. However, most of the numbers
(especially on HPO space) are still higher than 0.8, indicat-
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Figure 2. AP distribution on 12 datasets. The bars count for how many configurations we have sampled lie in a specific AP range.
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Figure 3. Correlations of configuration rankings on validation
dataset and test dataset.

ing that the trained model is still likely to perform well on a
real-world unseen dataset.

Configuration ranking correlation. We examine the
correlation between the ranking of configurations on differ-
ent datasets, and check whether different datasets have sim-
ilar favors to some configurations. The results are shown
in Figure 4. There are two interesting findings. (i) The
heatmap on HPO and NAS space have a very different out-
look, which means there is no transferability without a well-
defined search space. For example, AFLW and WIKI have
a high correlation on HPO space, but low on NAS. We hy-
pothesis that the common characteristics that enables the
transfer on HPO space does not apply well to architecture
search. (ii) The overall correlations are higher for NAS
space, indicating that datasets have more similar prefer-
ences for architectures. The correlations between WIDER-
Face and WIDER-360 are especially high, which explains
why “Best on WIDER” outperforms all other methods in
Table 7.

Best hyper-parameter/architecture visualization. We
show the best hyper-parameter found on our search space
in Table 8, and the best architecture found in Figure 5. As
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Figure 4. Mutual pearson correlation between hyperparameters
on different datasets. The darker color indicates two datasets
share more similar preferences for hyper-parameters / architec-
tures. (top): HPO space. (bottom): NAS space.

illustrated, we observe no clear similarities among the best
hyper-parameters or architectures, suggesting the need of
tailored hparam/arch for each dataset.
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