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Abstract:

Fingerprint authentication has garnered widespread adoption due to its convenience and reliability in
verifying individual identities. However, traditional fingerprint recognition systems are susceptible to
spoofing attacks, where adversaries can replicate fingerprints using various means to gain unauthorized
access. In response, multispectral imaging has emerged as a promising technology to enhance the security
of fingerprint authentication systems.

This paper presents a comprehensive evaluation of the effectiveness of multispectral imaging in fingerprint
authentication. We delve into the underlying principles of multispectral imaging, which involves capturing
fingerprint images across different spectral bands, ranging from ultraviolet to infrared. By analyzing the
unique spectral characteristics of skin and sub-surface features, multispectral imaging offers a robust
defense against common spoofing techniques, such as artificial replicas and latent prints.

Our evaluation encompasses a series of experiments conducted using state-of-the-art multispectral imaging
devices and datasets comprising genuine and spoofed fingerprints. We assess the performance of
multispectral imaging in terms of accuracy, robustness against spoofing attacks, and resistance to
environmental variations. Furthermore, we investigate the computational efficiency and practical feasibility
of integrating multispectral imaging into existing fingerprint authentication systems.

The results of our study demonstrate the significant enhancement in security achieved through multispectral
imaging. Compared to conventional methods, multispectral imaging exhibits superior performance in
distinguishing between genuine and spoofed fingerprints, even under challenging conditions. Moreover,
our findings highlight the scalability and adaptability of multispectral imaging, making it a viable solution
for enhancing biometric security across various applications and industries.

Introduction

Background on Fingerprint Authentication

Fingerprint authentication is a biometric technology that has gained widespread acceptance and deployment
due to its unique advantages. It relies on capturing and analyzing the minutiae points, ridges, and valleys
present in an individual's fingerprint. These patterns are highly distinctive and remain relatively stable
throughout a person's life, making them an ideal biometric identifier for authentication purposes.

The adoption of fingerprint authentication spans various sectors, including consumer electronics (e.g.,



smartphones, laptops), enterprise security systems, border control, and forensic applications. Its popularity
stems from factors such as user convenience, fast processing times, and relatively low implementation costs
compared to other biometric modalities.

Overview of Spoofing Attacks in Fingerprint Recognition Systems

Despite its effectiveness, fingerprint authentication systems are vulnerable to spoofing attacks, which aim
to deceive the system by presenting falsified or replicated fingerprints. Spoofing attacks can take several
forms, ranging from basic methods such as using gelatin molds or lifted prints to sophisticated techniques
involving high-resolution imaging and 3D printing.

Common spoofing techniques include:

Latent Print Spoofing: Using latent fingerprints left on surfaces to create fake fingerprints.

Gelatin or Silicone Molds: Creating molds based on lifted prints to produce replicas.

Printed Replicas: Printing high-resolution images of fingerprints on various materials.

Synthetic Fingerprint Generation: Using algorithms and 3D printing to create synthetic fingerprints.

These attacks pose significant security risks, as successful spoofing can lead to unauthorized access, identity
theft, and compromised security systems.

Introduction to Multispectral Imaging as a Solution for Enhancing Security

In response to the escalating threat of spoofing attacks, researchers and industry experts have explored
advanced imaging techniques such as multispectral imaging. Multispectral imaging involves capturing
fingerprint images across multiple spectral bands, including visible, infrared, and ultraviolet wavelengths.
This approach enables the detection of unique features not visible to the naked eye, such as sweat pores,
ridge details, and sub-surface structures.

The key advantages of multispectral imaging in fingerprint authentication include:

Enhanced Feature Extraction: Multispectral imaging enhances the extraction of detailed features from
fingerprints, including ridge patterns, pores, and texture variations.

Spoof Detection: By analyzing spectral characteristics, multispectral imaging can differentiate between
genuine fingerprints and spoofed replicas or artifacts.

Robustness to Environmental Factors: Multispectral imaging is less affected by environmental factors such
as ambient light, moisture, and surface conditions, ensuring consistent performance across diverse operating
conditions.

Literature Review



Biometric authentication, particularly fingerprint recognition, has become ubiquitous in modern security
systems due to its convenience and reliability. However, these systems are not immune to attacks, especially
fingerprint spoofing, where malicious actors attempt to deceive the system using fabricated fingerprints.
This section delves into the existing literature surrounding fingerprint spoofing and authentication
techniques, providing a comprehensive overview of the challenges and advancements in this field.

Fingerprint Spoofing Attacks

The literature extensively covers various fingerprint spoofing techniques, including artificial replicas, latent
prints, gelatin molds, and 3D printed fingers. Studies detail the materials and methods used in these attacks,
highlighting the sophistication and diversity of spoofing methods employed by adversaries.

Researchers investigate the effectiveness of spoofing attacks against different types of fingerprint sensors,
such as optical, capacitive, and ultrasonic sensors, analyzing sensor-specific vulnerabilities and attack
surfaces.

Biometric Vulnerabilities

Beyond fingerprint spoofing, researchers explore vulnerabilities in other biometric modalities, such as iris
recognition and face recognition, shedding light on potential multimodal attacks. Studies examine the
impact of environmental factors, aging effects, and physiological changes on biometric authentication
systems, elucidating the challenges of maintaining accuracy and security over time.

The literature discusses the implications of biometric vulnerabilities in real-world scenarios, emphasizing
the importance of enhancing security measures through continuous monitoring, adaptive algorithms, and
risk-based authentication strategies.

State-of-the-Art Authentication Techniques

Scholars investigate state-of-the-art authentication techniques, including minutiae-based matching, ridge
feature analysis, texture-based methods, and deep learning approaches. Comparative studies evaluate the
performance of different authentication algorithms under various spoofing scenarios, considering metrics
such as false acceptance rate (FAR), false rejection rate (FRR), and receiver operating characteristic (ROC)
curves.

Researchers analyze the impact of feature extraction methods, matching algorithms, and template protection
schemes on the overall security and usability of fingerprint authentication systems, providing insights into
best practices and emerging trends in biometric security.



Multispectral Imaging in Biometric Security

A growing body of research focuses on multispectral imaging as a promising solution for enhancing
biometric security. Studies explore the advantages of multispectral imaging, such as capturing unique
spectral features of fingerprints, including sub-surface characteristics (dermal ridges, sweat pores) and
physiological properties (blood flow, oxygenation levels), which are difficult to replicate in spoofed prints.

Researchers investigate the spectral properties of skin and its response to different wavelengths of light,
highlighting the potential for using multispectral imaging to detect liveness indicators and mitigate spoofing
attacks.

Previous Studies on Multispectral Imaging

Literature reviews existing studies that have utilized multispectral imaging in biometric authentication,
highlighting the diversity of applications and the potential for improving spoof detection rates. Researchers
analyze the performance of multispectral imaging devices from different manufacturers, considering factors
such as spectral range, spatial resolution, and signal-to-noise ratio (SNR).

Comparative evaluations assess the robustness of multispectral imaging against common spoofing materials
(e.g., silicone, gelatin, latex) and techniques (e.g., print lifting, image manipulation), benchmarking the
performance of multispectral systems against conventional fingerprint sensors.

Challenges and Opportunities

The literature identifies key challenges in implementing multispectral imaging, such as cost, hardware
limitations, and integration complexities. Researchers propose innovative solutions to address these
challenges, including sensor fusion techniques, feature-level fusion algorithms, and deep learning models
trained on multispectral data.

Scholars discuss the role of standards and certifications in validating the effectiveness and reliability of
multispectral imaging systems for biometric authentication, advocating for industry-wide collaboration and
knowledge sharing to accelerate adoption and deployment.

Gap Analysis

Through a gap analysis, researchers identify areas where current literature falls short, such as the lack of
standardized evaluation protocols for multispectral imaging systems. Recommendations are made for future
research directions, including the need for large-scale datasets, benchmarking frameworks, and
collaborative efforts among academia, industry, and government agencies.

The literature calls for interdisciplinary research collaborations spanning computer science, optics, material



science, and psychology to address complex challenges in biometric security and advance the state-of-the-
art in authentication technologies.

Introduction to Multispectral Imaging

Multispectral imaging (MSI) is an advanced imaging technique that surpasses conventional RGB imaging
by capturing and analyzing information across multiple spectral bands, including ultraviolet (UV), visible
(VIS), and infrared (IR) wavelengths.

UV imaging within MSI reveals surface-level details such as skin texture, perspiration patterns, and surface
contaminants, all of which are critical for fingerprint analysis and anti-spoofing measures.

VIS imaging, akin to traditional RGB imaging, captures surface features of fingerprints, while IR imaging
penetrates deeper, capturing sub-surface structures like sweat glands and ridge patterns. This spectral
diversity enhances the overall accuracy and security of fingerprint authentication.

Spectral Bands in Multispectral Imaging

Ultraviolet (UV): UV imaging within MSI detects variations in skin texture, surface moisture, and blood
flow patterns, providing valuable data for distinguishing genuine fingerprints from spoofed ones. UV
fluorescence techniques can also highlight latent prints left behind by individuals.

Visible (VIS): The VIS spectrum in MSI captures the familiar RGB colors and surface features of
fingerprints. It complements UV and IR imaging by providing additional data on surface-level details,
aiding in comprehensive fingerprint analysis and recognition.

Infrared (IR): IR imaging in MSI is crucial for capturing sub-surface features that are not visible to the
naked eye or conventional RGB cameras. It reveals detailed ridge patterns, sweat glands, and other unique
characteristics, making it difficult for adversaries to replicate or spoof fingerprints.

Hardware Components of Multispectral Imaging Devices

MSI devices integrate specialized cameras with high-resolution sensors capable of capturing images across
multiple spectral bands simultaneously.

Filters such as dichroic filters and bandpass filters are strategically used to isolate specific spectral regions,
ensuring precise image acquisition and spectral analysis.

Sensors with high spectral resolution and sensitivity enable the capture of detailed spectral information,
facilitating accurate and reliable biometric analysis in fingerprint authentication systems.

Software and Algorithms in Multispectral Imaging

Advanced image processing algorithms are pivotal in MSI for analyzing and extracting relevant features
from multispectral images.



Machine learning algorithms, including deep learning models, play a significant role in pattern recognition,
classification, and anomaly detection, enhancing the accuracy and robustness of fingerprint authentication
systems.

Software platforms designed for MSI often include tools for image registration, fusion, and enhancement,
optimizing the quality and usability of multispectral fingerprint data for authentication purposes.

Applications and Advantages of Multispectral Imaging in Fingerprint Authentication

Anti-Spoofing: MSI significantly bolsters the resilience of fingerprint authentication systems against
spoofing attacks by capturing and analyzing unique features that are challenging to replicate artificially.

Environmental Robustness: MSI exhibits greater robustness to environmental factors such as lighting
variations, humidity, and surface conditions, ensuring consistent and reliable fingerprint recognition across
diverse operating conditions.

Forensic Analysis: In forensic applications, MSI enables experts to analyze latent prints, identify tampering
attempts, and extract additional information for criminal investigations, contributing to law enforcement
and security initiatives.

Challenges and Future Directions

Challenges in MSI include cost-effectiveness of hardware, seamless integration with existing systems,
standardization of imaging protocols, and optimization of algorithms for real-time processing and analysis.

Future research directions may focus on developing compact and cost-effective MSI solutions, exploring
integration with mobile devices for portable authentication, and refining algorithms for enhanced accuracy
and speed in biometric recognition tasks.

Experimental Methodology

This section outlines the comprehensive and meticulous experimental methodology employed to assess the
effectiveness of multispectral imaging in fingerprint authentication. Every aspect of the experiment was
carefully designed and executed to ensure accurate and reliable results.

Experimental Setup
Selection of Multispectral Imaging Devices:

Extensive research and evaluation were conducted to choose cutting-edge multispectral imaging devices
renowned for their high-resolution imaging capabilities across multiple spectral bands.

Criteria for selection included spectral range coverage (visible, near-infrared, and ultraviolet), spatial
resolution, signal-to-noise ratio, and compatibility with fingerprint imaging protocols.

Dataset Acquisition and Preparation:



Genuine Fingerprint Samples: A diverse dataset comprising thousands of high-quality genuine fingerprint
images was sourced from reputable databases, ensuring a representative sample population.

Spoofed Fingerprint Samples: A meticulous process was followed to create a varied and challenging dataset
of spoofed fingerprint samples, incorporating materials such as silicone molds, gelatin replicas, latent prints,
and 3D printed replicas.

Evaluation Metrics
Accuracy Metrics:
True Positive Rate (TPR): The ratio of correctly identified genuine fingerprints to all genuine fingerprints.

False Positive Rate (FPR): The ratio of incorrectly identified spoofed fingerprints to all spoofed
fingerprints.

Receiver Operating Characteristic (ROC) Curves: Graphical representation of the trade-off between TPR
and FPR across different threshold values.

Area Under the Curve (AUC): Quantitative measure of the overall performance of the authentication system
based on the ROC curve.

Robustness Testing:

Environmental Factors: The experiment considered a range of environmental factors such as lighting
conditions (varying intensities and angles), surface reflections, and temperature variations to evaluate the
system's robustness in real-world scenarios.

Spoofing Techniques: Various spoofing techniques including fake fingerprints made from different
materials, latent prints, and altered fingerprint presentation angles were used to test the system's resilience.

Experimental Procedure

Preprocessing and Enhancement:

Preprocessing: Fingerprint images underwent preprocessing steps including noise reduction, contrast
enhancement, and normalization to standardize image quality.

Enhancement Techniques: Advanced enhancement algorithms were applied to extract finer details and
enhance the visibility of unique features in both genuine and spoofed fingerprints.

Feature Extraction and Analysis:

Feature Extraction: Feature vectors capturing spectral and textural information were extracted using
sophisticated algorithms such as Local Binary Patterns (LBP), Gabor filters, and Histogram of Oriented
Gradients (HOG).



Dimensionality Reduction: Techniques like Principal Component Analysis (PCA) and Linear Discriminant
Analysis (LDA) were employed to reduce feature dimensionality and enhance classification performance.

Classifier Training and Validation:

Machine Learning Models: Several machine learning algorithms including Support Vector Machines
(SVM), Random Forests, and Convolutional Neural Networks (CNNs) were trained and validated using the
extracted features to classify genuine and spoofed fingerprints.

Cross-Validation: K-fold cross-validation techniques were utilized to ensure unbiased model performance
assessment and mitigate overfitting.

Statistical Analysis
Statistical Significance:

Statistical tests such as Analysis of Variance (ANOVA) and t-tests were conducted to determine the
statistical significance of differences in performance metrics between multispectral imaging and traditional
fingerprint authentication methods.

Confidence Intervals: Confidence intervals were computed to quantify the level of uncertainty in the results
and provide a measure of result reliability.

Ethical Considerations
Participant Consent and Data Privacy:

Informed Consent: Participants were provided with detailed information regarding the study objectives,
potential risks, and their rights concerning the use of their biometric data. Written consent was obtained
prior to data collection.

Data Anonymization: Measures were taken to anonymize and protect participant data, ensuring
confidentiality and compliance with ethical guidelines and regulatory requirements.

Results and Analysis

Fingerprint authentication systems are crucial in ensuring secure access to sensitive information and
physical spaces. However, these systems are vulnerable to spoofing attacks, where malicious actors attempt
to deceive the system by presenting fake fingerprints. In this section, we present the results of our
comprehensive evaluation of the effectiveness of multispectral imaging in combating fingerprint spoofing
attacks.

Experimental Setup

The experiments were conducted using a diverse dataset comprising genuine and spoofed fingerprints. The



genuine fingerprints were collected from a wide range of individuals to ensure variability and
representativeness. Spoofed fingerprints were generated using various techniques, including artificial
replicas, latent prints, and gelatin molds, to simulate real-world spoofing scenarios.

For multispectral imaging, we utilized state-of-the-art devices capable of capturing fingerprint images
across different spectral bands, including visible, infrared, and ultraviolet. The multispectral images were
processed using advanced algorithms to extract unique features and enhance the discrimination between
genuine and spoofed fingerprints.

Accuracy and Detection Rates

Our analysis revealed a significant improvement in the accuracy of fingerprint authentication when
employing multispectral imaging. The detection rates for spoofed fingerprints were consistently higher
compared to traditional imaging methods, indicating the effectiveness of multispectral imaging in detecting
spoofing attempts.

Specifically, the visible spectrum captured surface-level features of fingerprints, while the infrared
spectrum provided insights into sub-surface characteristics, such as sweat pores and ridge patterns. The
combination of these spectral bands resulted in enhanced discrimination capabilities, leading to higher
accuracy rates in distinguishing genuine and spoofed fingerprints.

Robustness Against Spoofing Techniques

We evaluated the robustness of multispectral imaging against various spoofing techniques commonly
employed by attackers. Our experiments included scenarios such as printing replicas on different materials,
creating latent prints using adhesive lifters, and generating gelatin molds to replicate fingerprint
impressions.

The results demonstrated that multispectral imaging consistently outperformed traditional imaging methods
in detecting spoofed fingerprints across these diverse scenarios. The ability to capture both surface and sub-
surface features enabled multispectral imaging to effectively identify anomalies and inconsistencies
indicative of spoofing attempts.

Environmental Variations

Another aspect of our analysis focused on assessing the performance of multispectral imaging under
different environmental conditions. We tested the imaging devices in varying lighting conditions,
temperatures, and humidity levels to mimic real-world deployment scenarios.

The findings indicated that multispectral imaging remained robust and reliable across these environmental
variations. The adaptive nature of multispectral imaging algorithms ensured consistent performance,
regardless of ambient factors, thereby enhancing the overall reliability and usability of fingerprint
authentication systems.



Computational Efficiency and Practical Feasibility

In addition to performance metrics, we evaluated the computational efficiency and practical feasibility of
integrating multispectral imaging into existing fingerprint authentication systems. Our experiments showed
that multispectral imaging did not significantly impact processing times or system resource requirements,
making it a viable and scalable solution for real-world deployment.

Discussion

The results of our study underscore the significant advantages of multispectral imaging in combating
fingerprint spoofing attacks. By leveraging advanced imaging techniques and spectral analysis,
multispectral imaging offers a robust and reliable defense against common spoofing techniques, enhancing
the overall security and integrity of fingerprint authentication systems.

Furthermore, the scalability, adaptability, and minimal impact on system resources make multispectral
imaging a promising technology for widespread adoption in various industries and applications requiring
stringent biometric security measures.

Comparative Analysis

Biometric security systems have witnessed significant advancements in recent years, with fingerprint
authentication being one of the most widely used modalities. However, the susceptibility of traditional
fingerprint recognition systems to spoofing attacks necessitates the exploration of advanced technologies
such as multispectral imaging. This section conducts a comprehensive comparative analysis between
multispectral imaging and conventional fingerprint authentication methods, focusing on several key
aspects:

Accuracy and Reliability:

Multispectral imaging harnesses the power of multiple spectral bands, including visible, infrared, and
ultraviolet, to capture rich details of the fingerprint's surface and subsurface features. This holistic approach
leads to improved accuracy and reliability in distinguishing between genuine and spoofed fingerprints. In
contrast, traditional optical sensors primarily rely on visible light, making them more susceptible to
spoofing attacks using replicas or latent prints.

Detection of Spoofing Techniques:

One of the primary objectives of biometric security systems is to detect and mitigate various spoofing
techniques employed by adversaries. Multispectral imaging exhibits superior capabilities in detecting a
wide range of spoofing materials, such as silicone molds, gelatin replicas, and latent prints. By leveraging
spectral analysis and advanced algorithms, multispectral imaging can discern subtle differences between
authentic fingerprints and spoofed counterparts, thereby enhancing overall security.

Robustness in Challenging Environments:

Environmental factors, such as ambient lighting conditions and surface variations, can impact the



performance of fingerprint authentication systems. Multispectral imaging demonstrates enhanced
robustness in challenging environments by mitigating the effects of ambient light, surface moisture, and
texture variations. This resilience contributes to consistent and reliable authentication outcomes, even in
diverse operating conditions.

Computational Efficiency and Integration:

Despite its advanced capabilities, multispectral imaging maintains a competitive edge in terms of
computational efficiency and system integration. Modern multispectral imaging devices leverage optimized
algorithms and hardware components to ensure real-time processing of fingerprint data without
compromising performance. Moreover, the seamless integration of multispectral imaging into existing
fingerprint authentication systems facilitates smooth transition and compatibility with diverse applications.

Scalability and Adaptability:

The scalability and adaptability of multispectral imaging make it a versatile solution for various biometric
security applications. Whether deployed in access control systems, financial transactions, or forensic
investigations, multispectral imaging offers scalability to accommodate large-scale deployments while
adapting to evolving security challenges. This adaptability is further enhanced through ongoing research
and advancements in multispectral imaging technology.

Discussion

In this section, we delve into a comprehensive analysis and interpretation of the results obtained from our
experiments evaluating the effectiveness of multispectral imaging in fingerprint authentication. We explore
the implications of our findings, discuss potential limitations and challenges, and propose future research
directions in the realm of biometric security.

Interpretation of Results

Our experimental results reveal a significant enhancement in the security and reliability of fingerprint
authentication systems when employing multispectral imaging technology. The ability of multispectral
imaging to capture unique spectral characteristics of fingerprints across different wavelengths contributes
to its effectiveness in distinguishing between genuine and spoofed fingerprints. This capability is
particularly crucial in mitigating common spoofing techniques, such as artificial replicas and latent prints,
which are challenging for traditional fingerprint recognition systems to detect.

Furthermore, the analysis of multispectral imaging's performance in detecting spoofed fingerprints under
varying environmental conditions sheds light on its robustness and adaptability. The consistent accuracy
and low false acceptance rates observed across different scenarios underscore the reliability of multispectral
imaging as a countermeasure against evolving spoofing attacks.



Limitations and Challenges

Despite the promising results, our study acknowledges several limitations and challenges associated with
multispectral imaging in fingerprint authentication. One limitation is the cost and complexity of
implementing multispectral imaging devices, which may pose practical constraints for widespread
adoption, particularly in resource-constrained environments. Additionally, the effectiveness of
multispectral imaging may vary depending on factors such as skin type, age, and external factors like dirt
or moisture on the fingerprint surface.

Moreover, while multispectral imaging offers enhanced security against common spoofing techniques, it
may not be entirely immune to advanced spoofing methods, such as 3D-printed fingerprints or gelatin
molds. Future research efforts should focus on addressing these challenges to further strengthen the security
posture of multispectral imaging-based fingerprint authentication systems.

Future Research Directions

Our study opens avenues for future research aimed at advancing multispectral imaging technology in
biometric security. One potential direction is the integration of machine learning algorithms to improve the
accuracy and robustness of spoof detection using multispectral data. Leveraging deep learning techniques
for feature extraction and classification could enhance the ability of multispectral imaging to detect
sophisticated spoofing attacks.

Additionally, exploring novel spectral bands or combinations of wavelengths beyond the visible, infrared,
and ultraviolet ranges could unlock new insights into fingerprint authentication and further enhance security
capabilities. Collaborative research efforts involving academia, industry, and government agencies are
essential to drive innovation and development in multispectral imaging for biometric applications.

Conclusion

In conclusion, our study provides a comprehensive assessment of the effectiveness of multispectral imaging
in enhancing the security and reliability of fingerprint authentication systems. Through a series of
experiments and analysis, we have demonstrated the significant advantages of multispectral imaging
technology in mitigating spoofing attacks and improving overall authentication accuracy.

The key findings of our research indicate that multispectral imaging offers a robust defense against common
spoofing techniques, including artificial replicas and latent prints. By capturing unique spectral
characteristics of fingerprints across different wavelengths, multispectral imaging enables reliable
differentiation between genuine and spoofed fingerprints, even under challenging environmental
conditions.

Furthermore, the scalability and adaptability of multispectral imaging make it a viable solution for
enhancing biometric security across various applications and industries. While our study acknowledges
certain limitations and challenges associated with multispectral imaging, such as cost and complexity,
ongoing advancements in technology and research efforts are expected to address these barriers over time.



The implications of our findings extend beyond the scope of fingerprint authentication, highlighting the
broader potential of multispectral imaging in biometric security and identification systems. The integration
of machine learning algorithms and exploration of novel spectral bands present exciting opportunities for
further enhancing the capabilities of multispectral imaging in detecting and preventing advanced spoofing
attacks.

In essence, our research underscores the importance of adopting advanced imaging techniques, such as
multispectral imaging, to bolster the integrity and reliability of biometric authentication systems in an
increasingly digital and interconnected world. As biometric security continues to play a pivotal role in
safeguarding sensitive information and ensuring secure access, the continued development and adoption of
innovative technologies like multispectral imaging are paramount.

We envision that our study will stimulate further research and collaboration among researchers, industry
experts, and policymakers to advance the state-of-the-art in biometric security and authentication
methodologies. By leveraging the strengths of multispectral imaging and addressing ongoing challenges,
we can pave the way for more secure and trustworthy authentication solutions in the years to come.
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