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Abstract: The present study investigates the effect of successive reproduction on the dimensional characteristics of handwritten 

signature samples using a computational image analysis approach. Samples were reproduced up to five generations (G1-G5) 

using laser multifunction printers (MFPs), inkjet MFPs and single-function (SF) photocopiers, and were compared with original 

control specimens. Dimensional measurements, specifically height and width, were extracted using Fiji (ImageJ), an open-source 

digital image processing software, to support precision and reproducibility in measurement acquisition. Statistical analysis was 

performed using one-way analysis of variance (ANOVA), Dunnett's post hoc test and correlation analysis, with significance set at 

p <= 0.05. The results indicated that no statistically significant differences were observed in either height or width measurements 

across all devices and generations (p > 0.05). Minor fluctuations in variability were observed in later generations; however, these 

remained statistically non-significant. Correlation analysis further revealed no meaningful relationship between height and width 

variations, indicating independent and random dimensional changes. The findings demonstrate that computational measurement 

using Fiji provides reliable dimensional extraction, while modern reproduction technologies preserve geometric features with 

high fidelity. From a forensic and computational perspective, dimensional parameters are stable but possess limited 

discriminative power for detecting reproduction or forgery. The study highlights the importance of integrating digital image 

analysis tools into forensic workflows and recommends future incorporation of pixel-level and feature-based computational 

methods for enhanced document examination. 
Keywords: Fiji (ImageJ); computational forensics; digital image analysis; forensic document examination; reproduced 

signatures; dimensional analysis. 
 

1. INTRODUCTION 
Documents are central to administrative, legal and investigative processes because they record information 

and support authentication, transaction and identity-related decisions. A document may contain printed text, seals, 

logos, handwriting and signatures. Among these elements, handwritten signatures remain one of the most widely 

accepted methods of personal authentication because they are simple to execute and may retain individualistic 

features of the writer [1,2]. 
A signature is not merely a graphical mark; it reflects neuromuscular coordination, habitual writing behavior 

and individual variation. These features are considered during forensic document examination to assess authorship, 

genuineness or possible simulation. The forensic comparison of signatures relies on the combined evaluation of 

class characteristics and individual characteristics, since no two individuals are expected to reproduce all 

handwriting features in exactly the same manner [2-7]. 
In forensic investigations, questioned documents are not always available in their original form for 

examination. Reproduced documents, including photocopies and scanned-and-printed copies, are frequently 
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encountered when the originals are retained in secure custody, unavailable, misplaced, or reproduced for 

dissemination across multiple locations. Modern reproduction devices, including laser MFPs, inkjet MFPs and SF 

photocopiers, are capable of producing high-quality copies; however, the evidential value of such copies remains a 

practical concern for investigators and forensic document examiners [8-15]. 
Previous studies have examined several aspects of reproduced or photocopied documents, including line 

quality, handwriting features, signature forgery detection, and comparisons between original and reproduced 

documents [9-13]. At the same time, computational approaches have increasingly contributed to handwriting and 

document examination through digital feature extraction, interactive tools and image-based analysis frameworks 

[16-19]. Nevertheless, limited attention has been directed toward the quantitative dimensional stability of 

reproduced signatures across successive generations of reproduction. 
Accurate assessment of dimensional stability is important because signature comparison requires natural 

proportions to be preserved as far as possible. If reproduction introduces measurable distortion in height or width, 

the interpretation of similarities or differences may be affected. The present study therefore evaluates the 

dimensional consistency of handwritten signatures across five successive reproduction generations using different 

categories of reproduction devices. By combining statistical testing with Fiji (ImageJ)-based computational image 

measurement, the study assesses whether reproduced signatures retain dimensional integrity and considers the 

forensic and computational implications of the findings. 

2. STATEMENT OF THE PROBLEM 
The increasing acceptance and circulation of reproduced documents has created a practical challenge in 

forensic document examination. Investigators may need to submit reproduced copies for examination when the 

original document is unavailable, but uncertainty remains regarding whether inherited signature features remain 

sufficiently stable for forensic interpretation. In particular, dimensional features such as height and width may be 

assumed to be preserved when reproduction is performed at the original scale (100%) without enlargement or 

reduction, but this assumption requires empirical validation across device types and successive reproduction 

generations. This study addresses this problem by testing whether reproduced signatures show statistically 

significant dimensional variation when reproduced through laser MFPs, inkjet MFPs and single-function 

photocopiers up to five generations. 

3. MATERIALS AND METHODS 
3.1 Sample Collection and Reproduction Protocol 

A total of 110 reproduced signature samples were generated from an original control signature for the purpose 

of evaluating dimensional consistency across successive reproduction generations. Reproductions were obtained up 

to five generations (G1-G5) using 22 different document reproduction machines selected from three categories: laser 

MFPs, inkjet MFPs and SF photocopiers. Each reproduced copy served as the source document for the subsequent 

generation, thereby establishing a controlled sequential reproduction chain. 

3.2 Image Acquisition 
All original and reproduced signature samples were digitized using an HP Deskjet 3545 scanner at a 

resolution of 300 dpi. Images were preserved in a lossless TIFF format to minimize compression-related artefacts 

and maintain image integrity during analysis. To reduce external variability, uniform orientation, standardized 

scanning conditions and minimal background noise were maintained throughout the image acquisition process. 

3.3 Measurement Using Fiji (ImageJ) 
Dimensional analysis was performed using Fiji (ImageJ), a Java-based open-source image processing and 

analysis software that supports scientific image analysis and reproducible measurement workflows [20, 21]. Fiji was 

selected because it provides pixel-level measurement tools, calibration capability and compatibility with 

computational image analysis procedures. 
Each scanned signature image was imported into Fiji and subjected to a standardized processing workflow. 

The region of interest (ROI) corresponding to the signature area was selected and isolated for analysis. Images were 

converted to 8-bit grayscale and then to binary format to facilitate thresholding and feature extraction. Manual 

thresholding was applied to reduce background noise and enhance edge clarity, thereby improving the visibility of 

signature boundaries. 
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Scale calibration was performed using a known reference scale before dimensional measurement. Height and 

width were measured as the maximum vertical and horizontal extents of each signature, respectively. Measurements 

were digitally recorded and exported to Microsoft Excel for statistical analysis. To improve reliability, each 

measurement was repeated three times and the mean value was used for analysis. 

3.4 Computational Significance of Fiji-Based Analysis 
The use of Fiji enabled standardized computational analysis with reduced observer dependency. The software 

provided pixel-level precision, reproducibility of measurements and reduced subjective bias associated with manual 

dimensional estimation. The digital workflow also supports integration with computational forensic methodologies, 

including automated feature extraction and artificial intelligence-based document examination frameworks [16-21]. 

3.5 Statistical Analysis 
Statistical analysis was conducted to evaluate dimensional variations across device categories and 

reproduction generations. One-way ANOVA was used to assess differences in height and width measurements 

among machine groups across successive generations. Dunnett's post hoc test was then applied to compare each 

machine category directly with the control group. Correlation analysis was performed to examine the relationship 

between variations in height and width measurements. Statistical significance was evaluated at p <= 0.05. The 

analysis was designed to test whether reproduced signatures showed statistically significant dimensional changes 

when compared with the control. 

4. Results and Discussion 
4.1 Dimensional Stability Across Generations 

ANOVA results for height and width are illustrated in Fig. 1. Height p-values ranged from 0.183 to 0.465, 

while width p-values ranged from 0.416 to 0.951. All values were greater than 0.05, indicating that no statistically 

significant differences existed across device categories or generations. These findings confirm that signature 

dimensions remained stable up to five generations of reproduction. 

 
Figure 1. ANOVA p-values for height and width across five generations (G1-G5). 

4.2 Variability Analysis 
The F-values shown in Fig. 2 indicate slight increases in height variability in later generations, particularly 

G4 and G5, while width remained comparatively stable with minimal fluctuation. However, all observed variations 

were statistically non-significant. This indicates that the variability was random rather than systematic and that no 

device category introduced measurable dimensional distortion. 
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Figure 2. ANOVA F-values for height and width across generations. 

4.3 Device-Wise Comparison with Control 
Dunnett's test results showed that all comparisons between device groups and the control yielded p-values 

greater than 0.05. Mean differences were small and inconsistent in direction. A relatively larger deviation was 

observed for inkjet MFP in G5 for width (mean difference = -0.17083), but this remained statistically non-significant 

(p = 0.169). These findings support the interpretation that no device category introduced significant dimensional 

distortion when compared with the control. 

4.4 Correlation Between Height and Width 
Correlation analysis, presented in Fig. 3, revealed weak relationships between height and width, with 

correlation coefficients ranging from -0.033 to 0.302. All correlations were statistically non-significant, indicating 

that height and width variations were independent and that no proportional scaling effect occurred during 

reproduction. 

 
Figure 3. Correlation between height and width measurements across five generations (G1-G5). 

4.5 Forensic and Computational Implications 
The findings establish that dimensional features such as height and width are stable but non-diagnostic. 

Reproduction did not introduce detectable geometric distortion, and the computational workflow enhanced 

measurement reliability but did not increase the discriminative power of dimensional parameters alone. Therefore, 

forensic examination of reproduced signatures should not rely exclusively on height and width. Greater interpretive 

value may be obtained by integrating dimensional findings with line quality, stroke dynamics, pixel-level 

characteristics, texture analysis and other qualitative features previously considered in studies on photocopied and 

reproduced documents [10-16]. 

4.6 Contribution to Computational Forensics 
This study contributes to computational forensics by demonstrating a reproducible digital measurement 

workflow for the assessment of signature dimensions in reproduced documents. The use of Fiji provides a practical 

and accessible platform for standardized image measurement and offers a basis for future integration with automated 

feature extraction, machine learning and deep learning-based handwritten signature analysis. The findings also 

provide empirical support for cautious forensic use of high-quality reproduced signatures when original documents 
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are unavailable, while emphasizing that dimensional analysis must be interpreted as one component of a broader 

document examination process. 

5. CONCLUSION 
The widespread use of reproduced documents in administrative and legal contexts necessitates a clear 

understanding of their forensic reliability. The present study demonstrated that dimensional characteristics of 

handwritten signatures, specifically height and width, remained statistically stable across successive reproduction 

generations (G1-G5) and across different device categories. The absence of statistically significant variation 

indicated that modern reproduction technologies preserved geometric features with a high degree of fidelity. 
The use of Fiji (ImageJ) as a computational measurement tool further supported precision and reproducibility 

in dimensional analysis, indicating that the observed stability was not influenced by measurement bias. The study 

therefore contributes to both forensic science and computational forensics by presenting a standardized, accessible 

and reproducible workflow for quantitative examination of reproduced signatures. 
However, dimensional parameters were found to be robust rather than diagnostically decisive. Height and 

width alone showed limited discriminative value for identifying reproduction or forgery. This limitation indicates 

that dimensional analysis should be considered as a supportive measurement rather than a standalone basis for 

forensic conclusion. Qualitative and micro-level features, including line quality, stroke dynamics, edge 

characteristics, pixel-level texture and toner or ink distribution, remain important for more complete interpretation. 
The main uniqueness of the study lies in its multi-device and multi-generation design combined with Fiji-

based computational image analysis. The findings support the cautious use of high-quality first-generation 

reproduced copies in forensic examination when original documents are unavailable, provided that conclusions are 

framed carefully and supported by additional features. Future research should expand the sample base, include more 

device models and scanning conditions, and integrate automated feature extraction, texture analysis and machine 

learning methods to improve the diagnostic capability of reproduced document examination. 
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List of Abbreviations 
Abbreviation Definition 

MFP Multifunction printer 

SF Single function 

ROI Region of interest 

ANOVA Analysis of variance 

References 

1. Osborn A (1929) Questioned documents, 2nd edn. Boyd Printing Company. 
2. Desai B, Kalyan JL (2013) Forensic examination of handwriting and signatures. Int J Innov Res Dev 2:514-527. 
3. Caligiuri MP, Mohammed LA (2012) The neuroscience of handwriting: applications for forensic document 

examination. CRC Press. 
4. Wing AM, Haggard P, Flanagan JR (eds) (1996) Hand and brain: the neurophysiology and psychology of hand 

movements. Academic Press. 
5. Stewart LF (2017) The process of forensic handwriting examinations. Forensic Res Criminol Int J 4(5). 

https://doi.org/10.15406/frcij.2017.04.00126. 
6. Gupta RR (2018) A successful examination of writing in fixing authorship: a case study. Forensic Sci Addict Res 3(1). 

https://doi.org/10.31031/FSAR.2018.03.000560. 
7. Found B, Rogers D (2008) The probative character of forensic handwriting examiners' identification and elimination 

opinions on questioned signatures. Forensic Sci Int 178(1):54-60. https://doi.org/10.1016/j.forsciint.2008.02.001. 
8. Guest RM (2004) The repeatability of signatures. In: Ninth International Workshop on Frontiers in Handwriting 

Recognition, pp 492-497. https://doi.org/10.1109/IWFHR.2004.103. 
9. Totty RN (1990) The examination of photocopy documents. Forensic Sci Int 46(1-2):121-126. 

https://doi.org/10.1016/0379-0738(90)90148-R. 
10. Dawson GA, Lindblom BS (1998) An evaluation of line quality in photocopied signatures. Sci Justice 38(3):189-194. 

https://doi.org/10.1016/S1355-0306(98)72103-3. 
11. Saini K, Singh A (2008) The evaluation of handwriting features in photocopied signatures. Internet J Forensic Sci 4(1). 
12. Saroa JS, Saini K (2016) Determination of the authenticity of photocopied documents. Prob Forensic Sci 108:623-631. 
13. Jasuja OP, Mishra S, Singh M (2022) Variations in line quality of handwritten strokes due to the photocopying process: 

a preliminary study. Arab J Forensic Sci Forensic Med 4(1):28-36. https://doi.org/10.26735/BMAA5795. 
14. Clare H, Kumar SR, Mahesh S, Afreen T (2019) Comparative study of original, photocopy and colored copy of 

handwritten documents using a stereo microscope. Acad J Forensic Sci 2(1):1-7. 
15. Patgar SV, T V, S M (2015) A system for detection of fabrication in photocopy document. Comput Sci Inf Technol 29-

35. https://doi.org/10.5121/csit.2015.51404 
16. Diaz M, Ferrer MA, Quintana JJ (2019) Anthropomorphic features for on-line signatures. IEEE Trans Pattern Anal 

Mach Intell 41(12):2807-2819. https://doi.org/10.1109/TPAMI.2018.2869163. 
17. Pratama SF, Muda AK, Choo YH, Muda NA (2014) A new swarm-based framework for handwritten authorship 

identification in forensic document analysis. In: Muda AK, Choo YH, Abraham A, Srihari SN (eds) Computational 

intelligence in digital forensics: forensic investigation and applications, vol 555. Springer, pp 385-411. 

https://doi.org/10.1007/978-3-319-05885-6_16. 
18. Parziale A, Santoro A, Marcelli A, Rizzo AP, Molinari C, Cappuzzo AG, Fontana F (2014) An interactive tool for 

forensic handwriting examination. In: 14th International Conference on Frontiers in Handwriting Recognition, pp 440-

445. https://doi.org/10.1109/ICFHR.2014.80. 
19. Parziale A, Davino S, Marcelli A (2015) An algorithm based on visual perception for handwriting comparison. In: 17th 

Biennial Conference of the International Graphonomics Society. 
20. Aragon-Sanchez J, Quintana-Marrero Y, Aragon-Hernandez C, Hernandez-Herero MJ (2017) ImageJ: a free, easy, and 

reliable method to measure leg ulcers using digital pictures. Int J Low Extrem Wounds 16(4):269-273. 

https://doi.org/10.1177/1534734617744951. 
21. Guarnera L, Farinella GM, Furnari A, Salici A, Ciampini C, Matranga V, Battiato S (2017) GRAPHJ: a forensics tool 

for handwriting analysis. In: Battiato S, Gallo G, Schettini R, Stanco F (eds) Image analysis and processing - ICIAP 

2017, vol 10485. Springer, pp 591-601. https://doi.org/10.1007/978-3-319-68548-9_54. 


