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Abstract

Near infrared (NIR) to Visible (VIS) face matching is challenging due to the
significant domain gaps as well as a lack of sufficient data for cross-modality model
training. To overcome this problem, we propose a novel method for paired NIR-VIS
facial image generation. Specifically, we reconstruct 3D face shape and reflectance
from a large 2D facial dataset and introduce a novel method of transforming the VIS
reflectance to NIR reflectance. We then use a physically-based renderer to generate
a vast, high-resolution and photorealistic dataset consisting of various poses and
identities in the NIR and VIS spectra. Moreover, to facilitate the identity feature
learning, we propose an IDentity-based Maximum Mean Discrepancy (ID-MMD)
loss, which not only reduces the modality gap between NIR and VIS images at the
domain level but encourages the network to focus on the identity features instead
of facial details, such as poses and accessories. Extensive experiments conducted
on four challenging NIR-VIS face recognition benchmarks demonstrate that the
proposed method can achieve comparable performance with the state-of-the-art
(SOTA) methods without requiring any existing NIR-VIS face recognition datasets.
With slightly fine-tuning on the target NIR-VIS face recognition datasets, our
method can significantly surpass the SOTA performance. Code and pretrained
models are released under the insightface2 GitHub.

1 Introduction

To overcome the problem that the conventional VISible (VIS) images face recognition methods
generally fail to achieve a satisfactory performance under poor illumination, face recognition across
Near InfraRed (NIR) images and VIS images has recently gained increasing attention in the computer
vision community [21, 22, 12, 13]. However, due to the lack of sufficient NIR-VIS data, the training
of the NIR-VIS face recognition network is prone to be over-fitting [22].

To alleviate overfitting, previous works attempt to generate large-scale NIR-VIS face images by
transferring the VIS images to NIR ones [31, 40, 54, 52]. However, the image-to-image translation
based methods are limited by the number of data in the source domain and the diversity of generated
images [12]. Recently, unconditional generative models are employed to synthesize heterogeneous
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(a) DVG-Face [13]

(b) Ours

Figure 1: (a) Multiple VIS (top row) and NIR (bottom row) face images of the same identity generated
by DVG-Face [13], and (b) our method, using two subjects from the CelebA dataset [35].

face image pairs from noise [12, 13] and achieve state-of-the-art performance by adopting the various
intra-changes, such as poses and illumination, of the target NIR-VIS datasets during the generation.
Although the intra-class diversity is considered, only one NIR-VIS pair is generated for each identity
in [13], which limits the potential of synthesized face images in the NIR-VIS face recognition task.
When generating multiple NIR-VIS image pairs for a given identity by using [13], we observe that
the identity consistency cannot be well preserved, as shown in Fig. 1(a). Additionally, the appearance
variations of generated images are based on the target NIR-VIS face recognition datasets, which
means, different facial images are synthesized to fit different target datasets. Such dataset-specific
face generation degrades the generalizability of the NIR-VIS face recognition networks.

To tackle the above problems, we propose a novel physically-based facial image generation method,
where high-quality NIR-VIS facial image pairs are generated based on acquired renderable 3D facial
assets. Rendering photorealistic 3D facial datasets enables us to acquire paired labelled training data
with controllable identity, pose, expression and illumination. In contrast with generative methods, the
rendered identity does not change at all when varying other parameters, which greatly aids training.
However, acquiring human rendering assets requires tremendous manually work, either by scanning
systems [37, 18, 27, 28] or artists [47]. The available datasets are either small in size [2] or do not
contain relightable reflectance [51], such as the diffuse albedo, specular albedo and normals. Recent
works [29, 30, 36, 10] have introduced methods that produce high-quality renderable assets from
arbitrary facial images. Moreover, Wood et al. [47] showed that high-quality synthetic facial data, can
be successfully used for computer vision tasks, including landmark localization and facial parsing.
However, to our knowledge, there exists no dataset or method capable of producing renderable 3D
faces, in both VIS and NIR domains.

Utilizing a state-of-the-art facial reflectance acquisition method [30], we generate numerous such
facial assets and transform them from VIS to NIR, and then render both under the same conditions,
in order to generate high-quality training data. Since our novel transformation method is applied
per-pixel on high-resolution reflectance maps, the identity of the subject is perfectly preserved in both
NIR and VIS. Faces generated by the proposed methods are illustrated in Fig. 1(b). As can be seen,
our NIR-VIS face generation outperforms [13] (Fig. 1(a)) in preserving identity consistency as well
as retaining the diversity of facial appearances.

The generated high-quality NIR-VIS facial image dataset is then used, along with a VIS face
recognition dataset, to train the NIR-VIS face recognition network. To facilitate the identity feature
learning as well as reduce the modality discrepancy, an IDentity-based Maximum Mean Discrepancy
(ID-MMD) loss is proposed, which pulls the feature centroids of the same identity in the NIR domain
and the VIS domain closer. Assisted by the ID-MMD loss, the gap between NIR images and VIS
ones is bridged at the domain level, and meanwhile, the network is encouraged to focus on identity
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features rather than facial details of instances, such as poses and accessories. Overall, our main
contributions can be summarized as:

• A method capable of generating vast amounts of paired NIR and VIS facial images, of var-
ious identities, poses and illumination via 3D facial reconstruction and a novel VIS-to-NIR
transformation for facial re�ectance, is proposed.

• To bridge the gap between the NIR images and VIS images, we propose an IDentity-based
Maximum Mean Discrepancy (ID-MMD) loss, which not only reduces the modality discrepancy
at the domain level but encourages the network to attend to identity features instead of facial
details.

• Extensive experiments on four NIR-VIS face recognition benchmarks demonstrate that the
proposed method achieves comparable performance with the state-of-the-art methods, without
requiring any existing NIR-VIS face recognition dataset. By slightly �ne-tuning the models on
the target NIR-VIS face recognition datasets, our method surpasses the SOTA performance.

2 Background and Related Work

NIR-VIS Face Recognition.To facilitate the NIR-VIS face recognition, earlier works focuses on
learning modality-invariant features [21, 22, 24, 23]. [21] extracts features for NIR and VIS images
via a shared feature extractor pretrained on large-scale VIS face images, where the modality-invariant
identity information is then �ltered out by an orthogonal constraint. Similarly, DFAL [24] and
OMDRA [23] attempt to purify the identity information via decoupling identity-related representa-
tions from modality-invariant ones. To further reduce the gap between two modalities, WCNN [22]
minimizes the Wasserstein distance between feature distributions of NIR and VIS images. WIT [41]
treats each modality as a whole and squeezes the centers of the two modalities via a center maximum
mean discrepancy loss. SMCL [46] designs a center-based loss to regulate the relationship between
the syncretic modality and the NIR(VIS) one. However, due to the limited amount of NIR-VIS data,
the aforementioned methods are generally in the mire of the over-�tting problem.

To address the problem, generative models are involved to facilitate the NIR-VIS face recognition
task by transferring VIS face images to NIR ones via the image-to-image translation [31, 40, 54]
or synthesizing heterogeneous face image pairs [13]. [31] produces VIS faces from NIR images
via learning the patch-to-patch mapping between NIR-VIS image pairs. [40] transfers NIR face
images to the corresponding VIS ones via a two-path Generative Adversarial Networks (GAN)-based
framework. [54] proposes a multi-stream feature-level fusion technique based on GAN to synthesize
visible images from polarimetric thermal images. However, the improvement brought by the “one-to-
one" face synthesis strategy is limited by the number of images within the NIR-VIS face recognition
datasets, as well as the lack of the attribute diversity of generated images. Henceforth, instead of
adopting the conditional image generation, [13] employs the Variational AutoEncoders (VAE) to
synthesize a paired NIR-VIS face images for a given new identity. The identity representations are
obtained from an identity sampler, which is pre-trained on a large-scale face recognition dataset.
Inspired by [13], generating a large number of paired NIR-VIS face images is bene�cial to the
NIR-VIS face recognition. However, we notice that, when generating multiple NIR-VIS face image
pairs from a given identity representation via [13], the identity consistency is not well preserved. Such
disadvantage hinders the potential of generated face images to boost the recognition performance
since they cannot provide an explicit guidance for identity features learning. Therefore, we propose a
novel NIR-VIS face image generation method, where a physically-based renderer is used to generate
a vast photo-realistic dataset.

NIR-VIS Rendering. Synthetic datasets have long been used in face analysis problems with moderate
success [55, 5, 15, 14, 39]. DA-GAN [55] and UV-GAN [5] pioneered realistic pro�le face generation
for pose-invariant face recognition. A recent work by Woodet al. [47], achieves state-of-the-art
performance in various facial analysis tasks, by using hand-crafted high-quality photo-realistic
facial avatars. 3D facial appearance methods [29, 30, 36, 10] leverage deep generative models and
differentiable rendering to reconstruct facial assets that can be photo-realistically rendered. Moreover,
another work [3] projects incomplete renderings to the latent space of a deep generative model and
reconstructs corresponding photo-realistic facial images. Although potent in the VIS spectrum, such
methods are not directly usable in NIR.
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The literature around NIR rendering from VIS assets remains limited. Wuet al. [50] introduced a
wavelength-dependent Bidirectional Re�ectance Distribution Function (BRDF) for Mid-Wavelength
Infrared (MWIR) landscape scene simulation. Moreover, Aguerreet al. [1] simulate urban thermal
imaging. While closest to our work, none of the above can directly render photo-realistic faces in
NIR-VIS. In that manner, we employ the recent works in photo-realistic synthetic face and combine
it with our novel VIS-to-NIR transformation to unlock the potential for NIR-VIS facial matching.

3 Proposed Method

In this work, in order to overcome the over-�tting problem caused by the available small-scale
NIR-VIS face recognition datasets, we generate a vast, high-resolution and photo-realistic dataset
consisting of large-scale identities with various poses and illumination in the NIR and VIS spectra
(Sec. 3.1). Then, the generated NIR-VIS facial image pairs, along with a large-scale VIS face
recognition dataset, are used to train the NIR-VIS face recognition network, without the aid of any
existing NIR-VIS datasets (Sec. 3.2).

Figure 2: We generate paired NIR-VIS facial images by a) acquiring facial VIS re�ectance from
the public dataset of facial images (A), b) transforming the VIS re�ectance maps to NIR (T ) by
exploiting the way human skin reacts to different spectra and c) rendering both VIS and NIR facial
images in various poses and illumination conditions with the physically-basedR V IS andR NIR
renderers, that model a common VIS camera, and a NIR camera with a �ood illuminator.

3.1 NIR-VIS Facial Rendering

We introduce a method able to generate vast amounts of photo-realistic pairs of NIR-VIS face images,
to facilitate the heterogeneous face recognition task. Instead of using 2D generative models, we
reconstruct a set of 3D facial assets capable of photo-realistic rendering in the VIS domain. The
assets include a facial shape, and VIS spatially-varying re�ectance attributes, encoded in UV-space
texture maps, which can be sampled during rendering [30]. Meanwhile, we transform these into the
NIR domain with a novel VIS-NIR transformation method and render paired images, as described
in the following sections. In this manner, we can create paired labelled NIR-VIS facial images, of
numerous identities, in arbitrary poses and illumination conditions.

VIS Re�ectance Data Acquisition. Recent works [29, 30, 36, 10] have achieved high-quality
render-ready VIS face reconstructions, from arbitrary faces. In that manner, we acquire CelebA
[35], a dataset of over 200k facial imagesI i , and �t a textured 3D Morphable Model (3DMM),
a GANFIT-based [16] �tting F , to acquire a reconstructed texture and meshSi . We employ an
image-to-image translation networkA , based on AvatarMe++ [30], that disentangles facial re�ectance
maps from the reconstructed 3DMM texture maps. In that manner, for each imageI i , we acquire the
shapeSi , diffuse albedoA VIS

D i
, specular albedoA VIS

S i
and surface normalsN VIS

i (also referred to
as specular normals [30]), in the VIS domain:

�
Si ; A VIS

D i
; A VIS

S i
; N VIS

i

�
= A (F (I i )) (1)
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