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ABSTRACT

Visual codes such as QR codes provide a low-cost and con-
venient communication channel between physical objects
and mobile devices, but typically operate when the code and
the device are in close physical proximity. We propose a
system, called QfaR, which enables mobile devices to scan
visual codes across long distances even where the image
resolution of the visual codes is extremely low. QfaR is based
on location-guided code scanning, where we utilize a crowd-
sourced database of physical locations of codes. Our key
observation is that if the approximate location of the codes
and the user is known, the space of possible codes can be dra-
matically pruned down. Then, even if every “single bit” from
the low-resolution code cannot be recovered, QfaR can still
identify the visual code from the pruned list with high prob-
ability. By applying computer vision techniques, QfaR is also
robust against challenging imaging conditions, such as tilt,
motion blur,etc. Experimental results with common iOS and
Android devices show that QfaR can significantly enhance
distances at which codes can be scanned, e.g., 3.6cm-sized
codes can be scanned at a distance of 7.5 meters, and 0.5m-
sized codes at about 100 meters. QfaR has many potential
applications, and beyond our diverse experiments, we also
conduct a simple case study on its use for efficiently scanning
OR code-based badges to estimate event attendance.
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1 INTRODUCTION

Visual codes such as Quick Response (QR) codes create a
bridge between the real world and the digital world. QR codes
were invented back in 1994, but did not grow in popularity
until smartphones became ubiquitous. A user, today, can
simply point their phone to a QR code on the storefront of a
restaurant to access a digital menu and a virtual checkout
counter. In museums, QR codes augment real exhibits by
providing access to digital multimedia content such as audio
guides and video clips, all with the help of smartphones.

Despite their versatility and simplicity, QR codes require
the users to scan the code from a close distance (<1m for
centimeter-sized codes) for reliable decoding. If this require-
ment of close proximity could be removed, many new oppor-
tunities may emerge for this technology, making them more
convenient and appealing to users, thereby increasing their
deployability and impact. Imagine walking in Manhattan and
spotting a QR code across the street. Wouldn't it be nice if
you could just pull out your phone to scan it without having
to cross the street (Fig. 1)?
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QfaR (Proposed)

Figure 1: Long-distance code scanning with QfaR. Conventional code scanning (WeChat QR [3]) only works for
moderate distances (red boxes) and fails to decode heavily pixelated codes (red crosses). We propose a location-
guided scanning method which uses approximate user location (e.g., from GPS) and location of fixed codes to prune
down the list of possible codes. QfaR can be used to scan codes at longer distances (green boxes, 4x conventional),
which makes code scanning more effortless. Results are real outputs from QfaR, captured with an iPhone 12 Pro.

In this paper, we introduce QfaR, a technique that enables
scanning of visual codes from a longer distance using com-
mon mobile cameras. ! QR codes are usually packed with a
large number of data bits encoded (j 100) to index a large
number of entities. When scanned from a long distance, the
captured images of the codes suffer from strong pixelation
and other artifacts, making the bits indiscernible. This raises
the following question: Do we need to recover every single
bit in order to recognize the code in front of us?

Our key observation is that if the approximate geograph-
ical location of the user is known (e.g., via GPS or other
localization techniques) when they scan a code, the list of
possible codes can be significantly pruned down. For example,
in an outdoor urban environment, if there are 10,000 differ-
ent codes within a radius of 200 meters (which may be quite
typical in many common settings as discussed in Sec. 6.2),
a lower-resolution image of the code captured from a long
distance contains sufficient visual information to uniquely

1While we only focus on QR codes as an example to demonstrate the pro-
posed method, it is in principle broadly applicable to a general class of visual
codes including 1D Barcode, Data Matrix, and Aztec codes.

identify the code from the pruned list of codes with high
probability, even if we cannot recover every bit in the origi-
nal code (Fig. 3). This framework allows scanning QR codes
from longer distances than other practical methods — our
experiments demonstrate that QfaR can increase the scan-
ning distance of QR codes by a factor of 4 or more, which can
significantly enhance the type of applications and use cases.
QfaR can be used at distances even where each dot of the
code (one dot corresponds to one bit) occupies less than 1
pixel in the camera image, making it nearly impossible for
conventional code readers to identify the code due to strong
blur and pixelation artifacts (Fig. 1).

Prior efforts, such as PixNet [21], Strata [11] and FO-
CUS [10] have addressed similar problems (between cameras
and displays) in different contexts, but require specialized
visual codes for long range communication. In contrast, QfaR
works with existing QR codes, thus requiring no new hard-
ware or encoding infrastructure. QfaR also leverages crowd-
sourced location information of such codes, which is not
considered in these prior efforts.
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Figure 2: Additional use cases of QfaR. (Left) Besides being a robust QR scanner for a entive scanning, QfaR also
enables serendipitous discovery of codeswhich provides new opportunities for QR codes deployers to deliver digital
contents, eg., in AR. (Right) Besides pruning code space using xed code locations, QfaR can also be applied to
pruning using contextual information for moving codes,  eg., friending for social media apps. Users can friend
other people from long distances, which reduces user friction and improves overall user experience. All results are
real outputs from QfaR, captured with an iPhone 12 Pro (Left) and a Galaxy S22 (Right).

Figure 3: Location-guided scanning of visual codes. Given a low-resolution user image of the code, conventional
decoding cannot nd the right code from the huge entire code space (  eg., 2136 codes). In the proposed location-
guided scheme, approximate user location is used to prune down the list of possible codes given the fact that the
user can only scan a code in their spatial vicinity ( eg., 10000 codes within 200m). The scanned code image is then
matched against the pruned list of codes to nd the correct code. (Map data: Google Maps)

Location-guided decoding: Thelocation-guided pruningf approach, where the locations of the codes are automatically
QfaR requires codes to have xed and known approximate determined from previous conventional code scans (called
locations. A key challenge is to register the spatial locations scanning &ull codg, without any extra e ort from the users.

of all such codes. One approach is to have the deployers of The key idea is to infer code locations from user locations, as
the codes manually register their locations, which is cumber- shown in Fig. 4. Since user location information can be noisy,
some and not scalable. Instead, we proposeavdsourcing the estimated code location may not be accurate initially,
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Figure 4: Code localization. Approximate locations of

users who successfully scanned a full code are used to
estimate the location of the code. The estimate becomes
more and more accurate as more users scan the code.

Figure 5: QfaR pipeline. (Top) Conventional scanning
is used at short distances. User location is used to es-
timate the location of the code. (Bottom) Proposed
location-guided scanning is used at long distances.

but the precision improves over time as more users scan the
code. Estimated code locations are stored using e cient data
structures on a server that allows for real-time access.

1.1 Application Scenarios for QfaR

What does the long-distance capability of QfaR imply in
various application scenarios? Here we propose three typical
use cases of QfaR.

Robust, easy scanning of existing static QR codes. The
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intended for close-range interactionag., scanning a menu.

It is important to notice that, no matter how far a code is
intended to be scanned, QfaR increases that distance by 4x or
more. This is because the limiting factor for a QR code to be
successfully scanned is how many pixels a single module (a
black/white bit) occupies in the captured image. In Fig. 1(a),
we show a long-range example where the scanning distance
of a 0.5m-sized code is extended from 21m (conventional) to
88m (QfaR). Even for a short-range example such as scanning
an acrylic menu stand in a restaurant, QfaR could extend
the scanning distance from 0.5m to 2m, which allows easy
scanning even across the table.

In addition to extended distances, location-guided pruning
also provides robustness against image distortions due to
other kinds of non-ideal imaging conditions, including large
tilt angles (perspective distortion), motion blur, and low-light.
To summarize, QfaR makes the scanning of existing QR codes
with xed locations more robust and e ortless.

Serendipitous scanning. Beyond high-performancatten-
tive code scannin@faR mayserendipitouslynd a code even
before the user notices it. Fig. 2 (Left) shows a concept im-
age: The camera app picks up three tiny codes in the photo
without being told explicitly to scan a code and displays the
decoded information on top of the image. Thigrendipi-
tous scannin@f codes provides new opportunities for QR
codes deployers to deliver digital contents. One such exam-
ple isaugmented storefrontg/hen a user sees through a
smartphone screen or smartglasses, all shops display their
bestselling products as augmented reality elements, provid-
ing a new form of shopping experience.

Context-aware code scanning: QfaR can also be used for
non-static codes where the list of codes can be pruned down
using contextual information instead of geographical infor-
mation. Fig. 2 (Right) demonstrates a scenario where QfaR is
applied to friending people on a social media app. Instead of
building a database through crowdsourcing, users temporar-
ily share their locations with the server when the friending
mode is on. The code list is pruned down to the set of active
users in the spatial vicinity, which can be quite small even
when a low-precision user location is providedd., from

IP address of the mobile network or Wi-Fi hotspot). QfaR
then allows users to friend people across a larger distance
(e.g., across the table without the need to walk around the
table), which results in a smooth user interaction experience
especially when there is a large group of people.

As another example, we conduct a case study where QfaR
is utilized to take attendance in a large classroom. Each stu-
dent wears a QR-badge, and regular mobile phones are used
to take images to identify individuals present in the room.

advantage of being able to scan QR codes at longer distancesThe study exposes various opportunities and challenges.

may be unclear at rstglance as existing QR codes are mostly
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1.2 Scope and Implications

The main contribution of this work is a novel location-guided
scanning framework, which enables robust, long-distance
scanning, using only o -the-shelf and computationally e -
cient (Sec. 6) techniques such as template matchifhgupd
object detection neural network<p], which are computa-
tionally e cient.

The proposed framework is not meant to replace existing
visual code readers which can decode without communi-
cating with a server. Instead, it is designed to complement
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existing readers and provide a smoother user experience. In Figure 6: Notations for the conventional QR codes scan-
practice, the code reader should switch seamlessly between ning. A QR code can be represented by a binary square

the two modes, as shown in Fig. 5. The conventional decod-

ing scheme is rst used to scan the full code and update the

matrix D, which appears as a quadrilateral in the cap-
tured image |. The code image is then rectied ( I<) and

estimated code location on the server if scan succeeds. If thresholded ( B). Conventional Reed-Solomon decod-
scan fails under challenging conditions, the reader automat- ing algorithms are applied to obtain the data payload

ically switches to the proposed location-guided scanning.
The whole process is completely transparent to the user.
Following are the main contributions of this paper:
We propose a novel location-guided decoding approach
that is robust to channel impairments resulting from
long distances and other artifacts.
We derive an upper bound of the probability of decod-
ing failure. We show that in practical scenarios, the
probability of decoding failure is vanishingly low.
We present a method for automatically building a
spatially-indexed database of codes via crowdsourcing
to support location-guided pruning.
We develop a neural network-based code detector for
robustly locating low-resolution codes in images.
We empirically evaluate the decoding performance
over a wide range of scenarios both in simulation and
real experiments using common iOS and Android plat-
forms. QfaR signi cantly increases the range and ap-
plicability of visual codes.

2 RELATED WORK

Image processing techniques for improving decoding
performance. One idea to allow scanning visual codes at
longer distances is to apply image super-resolution to the

(Top), but fail when the distance is long and B contains
a lot of errors (Bottom).

while the proposed method can further improve decoding
performance by utilizing location information.

Visual code designs for scanning from a long distance.
Novel visual codes that are speci cally designed for scanning
from a wide range of distances have also been proposed. A
class of spatially subdividing methodg,[5, 11, 12 24 divide

the black or white dot in the base level into smaller blocks
to encode information for the next level. Frequency domain
approaches10 21] encode information in di erent bands

in the frequency domain, and then converted to a 2D code
in the spatial domain through inverse Fourier transform.
Both space and frequency domain methods focus on novel
multi-resolution code designs such that di erent bands of in-
formation are sorted by their importance such that the most
important information is still decodable at a long distance..
Our work proposes a scanning framework that extends the
maximum scanning distance of codes and is more general
in the sense that it is compatible with all existing codesy,

QR codes) and do not require replacing them with new codes.
It is possible to combine both approaches in practice.

captured images before decoding. Super-resolution methods 3 CONVENTIONAL QR CODE SCANNER

speci cally designed for barcoded {] and QR codes1H
have been proposed which perform better than conventional
super-resolution methods as they take advantage of the traits
of QR codes such as bimodal distribution of image intensi-
ties and grid-like spatial structure. Another idea to improve
decoding performance is to rely on deep learning to robustly
detect, align, and decode QR cod@§]] or use a super-
resolution network prior to decoding (WeChat QRH),
which achieve state-of-the-art performance. These methods
decode QR codes by extracting information from images only,

3.1 Conventional Detection and Decoding

Before introducing the proposed QfaR framework, we rst
give an overview on conventional QR code scanners. A QR
code can be represented by=a = binary square matrix

D 2 f01g =. The resolutior= is de ned by theversionof

QR codesdg.,= = 21for Version 1 QR codes). When a user
take an image 2 »1%4 @(? @s the camera resolution) of
the code, the code appears as a quadrilateral whose shape is
de ned by the relative position and orientation of the code.
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