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State-of-the-Art OCR Technologies (Non‑LLM

Based)

Introduction

Optical Character Recognition (OCR) is the process of extracting text from images or scanned documents and

converting it into machine-readable format. Modern OCR systems have evolved far beyond the rule-based

template matchers of the past – today’s state-of-the-art solutions leverage deep learning models (CNNs,

RNN/LSTMs, Transformers, etc.) to achieve high accuracy on a variety of text types. This report focuses on OCR

technologies not based on large language models (LLMs) – instead, we examine dedicated OCR engines and

frameworks (open-source and commercial) that use computer vision and sequence modeling techniques for text

recognition. We will delve into the technical foundations of each solution, including their architectures, feature

extraction methods, text segmentation strategies, post-processing techniques, language support, and ideal use

cases. Recent advancements from roughly 2022–2025 are highlighted, with special attention to systems

optimized for specific modalities (printed documents, handwriting, historical texts, and real-time mobile OCR).

We also include benchmarks and comparisons where available to illustrate performance, accuracy, and

efficiency differences across systems.

(Note: All citations refer to source materials for the technical claims and data points discussed.)

Open-Source OCR Systems and Frameworks

Tesseract – Legacy Workhorse with LSTM Upgrade

Tesseract is a long-standing open-source OCR engine (originating in the 1980s at HP, now maintained by

Google) that remains a popular baseline for OCR research and applications [1] adityamangal98.medium.com. The

latest versions (4.x and 5) introduced a neural network-based OCR engine using LSTM (Long Short-Term

Memory) networks, a significant modernization over its earlier rule-based methods [2] researchgate.net [1]

adityamangal98.medium.com.

Architecture: Tesseract’s neural engine is essentially an LSTM-based sequence recognizer that processes text one line at

a time. It was influenced by OCRopus’s Python LSTM design but rewritten in C++ for efficiency [3] nanonets.com. Internally,
Tesseract 4/5 uses a convolution + bi-directional LSTM pipeline (a form of CRNN) to read sequences of character images

and output text via a CTC decoder [4] nanonets.com [5] nanonets.com. It pre-dates modern frameworks like TensorFlow,

using a custom network specification (VGSL) to define the model [3] nanonets.com. The LSTM network was trained on

hundreds of thousands of text lines across ~4500 fonts for Latin script, and sizeable datasets for other scripts [6]

tesseract-ocr.github.io.

Text Line Segmentation: Tesseract first performs page layout analysis to segment the image into text lines and regions.

The legacy segmentation uses connected-component analysis and projection profiles to detect columns, lines, words, etc.
[7] nanonets.com. In Tesseract 4, this layout analysis step is still used before the LSTM recognizer processes each line

image. The engine offers multiple Page Segmentation Modes (PSM) to handle different layouts (e.g. single column, sparse

text, etc.). However, it has no deep learning layout detector, so complex layouts (overlapping text, tables) can pose

problems [8] researchgate.net [9] adityamangal98.medium.com. Tesseract assumes reasonably clean separation of text

from background; skewed or perspective-distorted images may need preprocessing to achieve optimal results [8]

researchgate.net.
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Feature Extraction & Recognition: For each text line, Tesseract’s LSTM engine extracts image features and feeds them into

the bi-LSTM. Essentially, it scans the line image from left to right, converting columns of pixel data into a sequence of

feature vectors (the “frames” for LSTM). The LSTM then predicts a character class for each frame, and these are merged

into final text via CTC (Connectionist Temporal Classification) decoding [10] medium.com [11] medium.com. Tesseract’s

legacy engine performed two-pass adaptation (adaptive classifier trained on the first pass results) [7] nanonets.com, and

the LSTM engine inherits some of this adaptivity – it can learn font specifics as it reads further down a page [12]

researchgate.net. No GPU is required; the implementation uses CPU vector instructions for speed, making it lightweight but

slower than GPU-accelerated frameworks [13] tesseract-ocr.github.io.

Post-Processing: Tesseract can apply language-specific post-processing if language models (dictionaries) are provided. It

can do simple spell-checking and dictionary matching on the raw OCR output to correct obvious errors. However, its

default mode relies mainly on the LSTM’s internal contextual output. Tesseract 4’s LSTM effectively encodes some context

(character n-gram patterns) implicitly, reducing reliance on external language models [12] researchgate.net. Still, enabling
the “best” OCR accuracy often involves using the appropriate language data pack, which includes dictionaries for post-OCR

correction.

Supported Languages: One of Tesseract’s greatest strengths is broad language support – it ships with trained models for

over 100 languages and scripts[2] researchgate.net [1] adityamangal98.medium.com (from English and Chinese to

Arabic, Devanagari, etc.). It also supports right-to-left scripts and even historic scripts (like Fraktur Gothic, if trained models

are provided). Users can fine-tune or retrain models for unusual fonts or new languages, though this process is non-trivial

(requires preparing ground truth and using Tesseract’s training tools) [9] adityamangal98.medium.com.

Use Cases & Performance: Tesseract is well-suited for scanned documents, books, and other “clean” printed text

where layout is simple. It is often used to OCR PDFs in batch jobs and remains a benchmark for open-source OCR [14]

medium.com. It’s lightweight (CPU-only) and easily deployable, making it a good choice for offline OCR on devices with

limited resources. However, Tesseract struggles with complex layouts (multicolumn with tables or irregular text flow) and

with noisy or low-resolution images[12] researchgate.net [9] adityamangal98.medium.com. It is also not adept at

handwriting or scene text in natural images – tasks for which newer deep-learning models perform far better. In summary,

Tesseract is “the old monk” – robust for classic OCR tasks, but not state-of-the-art on more challenging modern OCR

benchmarks [1] adityamangal98.medium.com [9] adityamangal98.medium.com. (For instance, it cannot directly handle

curved text or strong perspective distortion in photos, and its accuracy degrades on handwriting.) Many projects still use

Tesseract for its flexibility and language coverage, but if highest accuracy is needed on difficult inputs, one often turns to

the deep learning models described next.

PaddleOCR – Industrial-Grade Deep OCR (Baidu)

PaddleOCR is an open-source OCR toolkit from Baidu that has emerged as an “industrial powerhouse” for OCR

tasks [15] adityamangal98.medium.com. It provides a full pipeline from text detection to recognition, with highly

optimized models for both accuracy and speed. PaddleOCR’s development has focused on practical

deployment: it offers lightweight models for mobile/embedded use as well as high-accuracy models for server-

side processing [16] medium.com [17] medium.com.
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Architecture: PaddleOCR adopts a two-stage OCR pipeline: a text detection model to find text regions in the image,

followed by a text recognition model to transcribe each detected region [18] medium.com [19] medium.com. This modular
design allows swapping in different algorithms. By default, the flagship pipeline (PP-OCR, “Practical PaddleOCR”) uses

DBNet (Differentiable Binarization) for text detection and an RNN-based recognizer (CRNN) for text lines [19]

medium.com. The detection stage (DBNet) is a segmentation-based approach that predicts text regions with a

differentiable thresholding mechanism, achieving accurate localization even for curved or irregular text. The recognition

stage initially was a CRNN (Convolutional Recurrent Neural Network) – essentially CNN feature extractor + bi-LSTM

sequence model + CTC decoder [10] medium.com [11] medium.com – similar to earlier academic models. However, recent

PaddleOCR versions (PP-OCRv3 in 2022) have upgraded to a Transformer-based recognizer called SVTR (Spatial Visual

Transformer) in place of the LSTM [20] research.baidu.com [21] research.baidu.com. SVTR abandons RNNs and instead

uses Transformer encoder layers to capture long-range context in the text image, yielding higher accuracy at some cost to

speed [21] research.baidu.com. The PP-OCRv3 pipeline incorporates nine optimization strategies, including improved

backbone networks, knowledge distillation, and data augmentation, making it a state-of-the-art solution for multilingual

scene text recognition [22] research.baidu.com [21] research.baidu.com.

Feature Extraction: In PaddleOCR, feature extraction happens at multiple stages. The detection network uses a CNN

backbone (e.g. ResNet or MobileNet) and an FPN (Feature Pyramid Network) neck to extract multi-scale features, feeding

into the DBNet segmentation head [20] research.baidu.com. For recognition, the image of each text line/word is fed through

a deep CNN (e.g. ResNet45 or MobileNet variants) to produce a sequence of feature vectors (typically by column). In the

CRNN model, these feature vectors are then processed by two stacked Bi-LSTM layers which output a probability

distribution over characters at each position [10] medium.com [11] medium.com. With SVTR (Transformer), the CNN

features are instead fed into Transformer encoder blocks which model global character context [21] research.baidu.com.
Notably, PP-OCRv3’s recognition model eliminated RNNs in favor of Transformers, leading to improved context modeling

(and a 5%+ accuracy boost over the previous LSTM-based model) [23] research.baidu.com [21] research.baidu.com.
PaddleOCR also includes an angle classifier (a small CNN) that can detect if a text image is rotated 90/180 degrees, to

correct rotated text before recognition [24] medium.com [25] medium.com.

Text Detection & Segmentation: The default detector, DBNet, predicts a segmentation map of text regions. A post-

processing step (differentiable binarization) yields tight polygon or box coordinates around each text instance [20]

research.baidu.com. This approach is fast and accurate, even for oriented or curved text, making PaddleOCR suitable for

both document text and scene text (signs, etc.). The detector has been optimized in PP-OCRv3 with techniques like a larger

receptive field backbone (LK-PAN) and improved feature fusion (RSE-FPN), plus a teacher-student distillation to boost a

lightweight model’s accuracy [22] research.baidu.com [26] research.baidu.com. The result is that PaddleOCR can localize

text in complex images with high precision while keeping the model small.

Post-Processing: PaddleOCR’s recognition outputs can be augmented with language model decoding if desired, but by

default it uses greedy or CTC decoding to get the text sequence. One of the hallmarks of PP-OCR is extensive post-

processing optimizations: for example, it employs knowledge distillation and unified mutual learning during training to

create a pair of models (teacher and student) that mutually refine each other [27] research.baidu.com [28]

research.baidu.com. At runtime, the smaller student model achieves near-teacher accuracy. PaddleOCR also provides

utilities for table structure recognition and key-value pair extraction in documents, using additional models (these go

beyond basic OCR into document parsing). For output, PaddleOCR can return each text block’s coordinates, the recognized

text, and a confidence score, which is useful for downstream processing (e.g., highlighting text positions or preserving

layout).

Supported Languages: PaddleOCR supports 80+ languages out of the box [29] research.baidu.com. This includes a wide
range of scripts: Latin, Chinese (simplified & traditional), Japanese, Korean, Cyrillic, Indic scripts, Arabic, etc. Multi-

language support is achieved via trained models for each (or multi-lingual combined models in some cases). Notably, PP-

OCR has dedicated Chinese+English models (reflecting Baidu’s focus) and separate models for other language families. The

community has contributed additional language models as well. All models are Apache-licensed and can be downloaded for

use.
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Use Cases & Performance: PaddleOCR is engineered for both high accuracy and deployment efficiency, making it a top

choice for production OCR systems. It excels in industrial use cases like invoice processing, ID card recognition, license

plate reading, and scene text reading in images [30] adityamangal98.medium.com [31] adityamangal98.medium.com.
The accuracy of PaddleOCR (especially PP-OCRv3 and later) is on par with or exceeding other state-of-the-art frameworks

– Baidu reported ~5–11% precision improvements in the latest version for English, Chinese and multilingual models [32]

research.baidu.com. Impressively, these gains come while keeping models lightweight: the entire PP-OCRv2 model

(detector + recognizer + classifier) is only ~17 MB in size [29] research.baidu.com, enabling use on mobile devices. In

fact, PaddleOCR provides mobile-optimized models (PP-OCR Lite) that run in real-time on smartphones or ARM boards.

For example, by replacing ResNet with MobileNet-SSDLite and using INT8 quantization, it achieves inference speeds on the

order of tens of milliseconds per image on CPU. This makes it ideal for real-time applications like AR translation, assistive

text reading, or embedded OCR in IoT devices. The trade-off is a slightly steeper learning curve – PaddleOCR is based on

the PaddlePaddle deep learning framework, which may be unfamiliar to some (compared to PyTorch or TensorFlow) [33]

adityamangal98.medium.com. Nonetheless, its documentation and community support are strong. In summary, PaddleOCR

represents the cutting-edge of open-source OCR engineering, combining advanced research (e.g. Transformers,

distillation) with practical deployment needs (speed, size) in one package [30] adityamangal98.medium.com [31]

adityamangal98.medium.com. It is often the top-performing open solution in OCR benchmarks and has even been

favorably compared to commercial OCR engines in accuracy [34] arxiv.org.

EasyOCR – Simple API, CRNN under the Hood

EasyOCR is another popular open-source OCR library, notable for its ease of use. Developed by the JaidedAI

team, it provides a high-level Python API that allows developers to get OCR results with just a few lines of code

(e.g. reader.readtext(image_path) ) [35] github.com [36] github.com. Underneath, EasyOCR employs proven deep

learning models for detection and recognition, offering a good balance between simplicity and performance.

Architecture: The EasyOCR pipeline uses a CRAFT text detector (Character-Region Awareness For Text) for locating text,

and a CRNN for text recognition[37] github.com [38] github.com. CRAFT is a CNN-based detector that excels at finding

individual character regions and linking them into words, which works well for scene text and arbitrary layouts. The

recognition model is a standard Convolutional Recurrent Neural Network: it uses a deep CNN (EasyOCR uses a ResNet

backbone by default, with options for VGG) to extract feature sequences, then two Bi-LSTM layers for sequence modeling,

and a CTC decoder to produce the final text [39] github.com [40] github.com. This CRNN architecture is described in an

academic paper by Baek et al. (Clova AI), and EasyOCR’s implementation borrows from the open-source deep-text-

recognition-benchmark by Clova AI [41] github.com. The use of CTC means it does not require character-level segmentation

– the network learns to align predictions with image features.

Feature Extraction: In the CRNN recognizer, feature extraction is done by the CNN (ResNet). The CNN produces a feature

map for the text image; then, columns of this map are taken (across all feature channels) to form a sequence of feature

vectors [42] medium.com. Each vector roughly corresponds to a vertical slice (receptive field) of the text image [43]

medium.com. These features are fed into the Bi-LSTM layers, which output a probability distribution over the character set

at each time-step (position in the sequence). The CTC decoder then merges these probabilities, ignoring blanks and

repeating characters to yield the final recognized string [44] poshan0126.medium.com [45] poshan0126.medium.com.
EasyOCR’s default models are pre-trained on English and on some multilingual data, using a training set synthesized via

TextRecognitionDataGenerator (as cited in their docs) [46] github.com.

Text Detection & Segmentation: The CRAFT detector produces quadrilateral bounding boxes for each text line or word. It’s

especially useful for scene text (e.g. text in photos, signboards, etc.) because it can handle arbitrary orientations and

curvy text by linking characters. EasyOCR applies CRAFT on the input image to get a list of text box coordinates [37]

github.com. Each region is then cropped, optionally rotated upright, and fed to the recognizer. No explicit page layout

analysis is performed – EasyOCR doesn’t classify regions into columns or distinguish between text vs non-text beyond what

CRAFT detects. It assumes each detected box is a separate text entity. This means EasyOCR is not inherently aware of multi-

column document structures or reading order beyond the spatial sorting of detected boxes. However, it can detect vertical

text and rotated text by design (CRAFT and the recognition model both can handle rotated inputs) [47]

adityamangal98.medium.com.
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Post-Processing: For decoding, EasyOCR by default uses greedy decoding with CTC to get the text from the output

matrix. However, it also implements beam search decoding with an n-gram language model for improved accuracy [48]

github.com. In the GitHub notes, they credit GitHub user @githubharald for a beam search implementation [48] github.com.
Additionally, EasyOCR uses character dictionaries for each language which define the allowed characters and some lexicon

constraints [49] github.com. The user can specify multiple languages when initializing (e.g. Reader( ['en','ch_sim'])

for English + Chinese), and EasyOCR will load the appropriate model weights and character sets [35] github.com [50]

github.com. Not all language combinations are compatible (e.g. mixing very different scripts is not supported by a single

model), but English can be combined with any since it shares characters with Latin script languages [50] github.com.
EasyOCR does not perform advanced spelling correction or dictionary-based error correction beyond what the CRNN and

optional beam search provide.

Supported Languages: As of recent updates, EasyOCR supports 80+ languages covering most major scripts [51]

github.com. This includes Latin alphabets (dozens of languages), Cyrillic, Greek, Arabic, Chinese (simplified & traditional),

Japanese, Korean, Thai, Devanagari (Hindi, Sanskrit), Tamil, Telugu, and more [51] github.com. Each language has a

pretrained model or shares a model with similar scripts. For example, one model might cover all Latin-based languages (with

a large alphabet including accented characters), whereas others are separate for Chinese, Japanese, etc. The accuracy can

vary – languages with complex characters like Chinese/Japanese have separate model architectures (often using attention

rather than CTC due to the large character set). EasyOCR is continually adding languages with community help; adding a

new language involves supplying the character set and some training data [49] github.com.

Use Cases & Performance: EasyOCR is dubbed “the developer’s darling” because of how quick one can get it running for

prototyping and simple applications[52] adityamangal98.medium.com [53] adityamangal98.medium.com. It’s pure-
Python (built on PyTorch) and supports GPU acceleration, making it quite fast for real-time tasks on moderate hardware
[47] adityamangal98.medium.com. Typical use cases include: GUI or mobile apps where you want to OCR an image on the

fly, small-scale OCR tasks in research, or any scenario where ease of integration is key. It works well on natural scene text

and standard printed documents, and has “decent handwriting support” for neat handwriting or digital ink [47]

adityamangal98.medium.com (though it’s not specifically an HTR engine, it can handle some handwriting if the characters

resemble printed ones). EasyOCR can detect rotated and vertical text as mentioned, but it lacks layout analysis – it’s not

ideal for extracting text from complex PDFs with columns, tables, or dense formatting [33] adityamangal98.medium.com. It
treats OCR as reading isolated text snippets. Therefore, for dense documents (forms, multi-column articles), one might need

to combine it with other tools (or use a different engine). In terms of accuracy, EasyOCR’s CRNN models are quite good on

standard benchmarks, but they may lag behind more sophisticated transformer-based models or heavily optimized systems

like PaddleOCR in absolute accuracy. Its strength is the balance of accuracy with simplicity. Many users report that

EasyOCR outperforms Tesseract on scene text or when GPU is available, but PaddleOCR often yields higher accuracy if one

is willing to handle the PaddlePaddle dependency [54] reddit.com [55] news.ycombinator.com. Overall, EasyOCR provides

a friendly on-ramp to deep learning OCR, making it “the instant noodle” of OCR – quick, tasty results with minimal effort [53]

adityamangal98.medium.com [56] adityamangal98.medium.com.

MMOCR – OpenMMLab’s Modular OCR Toolbox

MMOCR is an open-source toolkit from the OpenMMLab project (known for MMDetection, etc.), designed as a

comprehensive toolbox for text detection, recognition, and understanding. Rather than a single OCR

engine, MMOCR is a framework that implements many state-of-the-art models in a unified way [57] ikomia.ai [58]

adityamangal98.medium.com. It’s geared towards researchers and developers who want to experiment with

different OCR algorithms or train custom models.
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Architecture & Models: MMOCR is highly modular. It supports 8+ text detection algorithms and 9+ text recognition

algorithms as of 2023 [57] ikomia.ai. For detection, this includes models like DBNet, Mask R-CNN (text variant), PSENet

(Progressive Scale Expansion), PANet (Pixel Aggregation Network), TextSnake, etc. [59] mmocr.readthedocs.io [60]

mmocr.readthedocs.io. For recognition, it includes CRNN, SAR (Sequential Attention Reader), NRTR (No-Recurrent

Transformer OCR), RobustScanner, SATRN (Spatial Attention Transformer), ABINet (which adds an auxiliary language

model), among others [61] mmocr.readthedocs.io [62] mmocr.readthedocs.io [63] mmocr.readthedocs.io. Essentially,
MMOCR provides the “reference implementations” of many recent papers. The architecture for each is plugin-based: you

have a backbone CNN (ResNet, VGG, etc.), optional neck (like FPN or transformer encoder), a head/decoder (for

detection, this might be a segmentation head; for recognition, an attention decoder or CTC), and corresponding loss

functions [64] mmocr.readthedocs.io [65] mmocr.readthedocs.io. Users configure models via JSON/YAML config files,

choosing components as needed. MMOCR also supports key information extraction (KIE) models that combine text

detection with entity recognition on documents [66] ikomia.ai [65] mmocr.readthedocs.io, and can integrate with NLP

models for form understanding.

Feature Extraction: Depending on the chosen model, feature extraction could range from standard CNN features (e.g.

ResNet-50 features for DBNet) to more complex multi-scale features. Many detection models in MMOCR use a ResNet+FPN

backbone to get strong multi-level feature maps [64] mmocr.readthedocs.io [67] mmocr.readthedocs.io. For recognition,
a common pattern is a ResNet31 backbone (from a paper by Shi et al.) which is optimized for text feature maps, often

feeding into either a sequence encoder (LSTM or Transformer) or directly into an attention-based decoder [68]

mmocr.readthedocs.io [69] mmocr.readthedocs.io. For example, CRNN in MMOCR uses a VGG-like “VeryDeepVGG”

backbone and a CTC decoder [61] mmocr.readthedocs.io, whereas SAR uses a ResNet31 backbone and an attention-based

decoder (with an LSTM-based parallel SAR decoder) [69] mmocr.readthedocs.io. ABINet in MMOCR is a multi-component

model with a vision transformer encoder, an iterative decoder, and a separate language model (which fuses via an ABIFuser)
[70] mmocr.readthedocs.io [71] mmocr.readthedocs.io. MMOCR’s modular nature means each model’s feature extractor is

tailored to that algorithm’s needs.

Text Detection & Segmentation: MMOCR leverages models that approach text detection in various ways: segmentation-

based (DBNet, PSENet, FCENet), object-detection-based (Mask R-CNN, which detects text boxes possibly with a mask for

shape), and direct regression (some models like TextSnake for curved text). The toolbox handles converting detection

outputs to coordinates via postprocessor classes – e.g., DBNet’s sigmoid output is turned into binary masks then polygons

via a DBPostprocessor [67] mmocr.readthedocs.io. The consistency of the OpenMMLab design makes training and testing

across models uniform. MMOCR can output detection results in standard evaluation formats (for ICDAR, etc.) and can

visualize detection overlays. It also includes layout analysis capabilities indirectly, since some detection models (like Mask

R-CNN in MMOCR) could detect not just words but also higher-level regions if trained to do so. It’s primarily focused on

word/line-level detection though.

Post-Processing & Training: MMOCR provides many utilities for training and evaluating models. It includes data loaders for

common datasets (ICDAR, COCO-Text, etc.), and can plug into distributed training. For recognition post-processing, it has

converters for CTC and attention outputs to get final text [72] mmocr.readthedocs.io [67] mmocr.readthedocs.io. It
supports beam search decoding for attention models and can incorporate lexicons during evaluation if needed (to simulate

constrained recognition). A unique feature is support for semi-supervised learning: e.g., some models can be trained with

a combination of labeled and unlabeled data using consistency losses (the documentation mentions semi-supervised

support) [73] adityamangal98.medium.com. This is cutting-edge for scenarios with limited labeled data. However, using

these advanced features requires careful configuration.

Supported Languages: Out of the box, most MMOCR recognizer models are trained on English (Latin script) or Chinese.

However, the framework is extendable to any language/script provided you have training data. It’s noted to have about 40

languages supported in some capacity [74] adityamangal98.medium.com – likely referring to community-contributed

models or multi-language models. For example, one could train a MMOCR CRNN on French by supplying French annotated

images and adjusting the character set. The modular design supports right-to-left scripts as well (there have been

community experiments with Arabic, etc.). Still, MMOCR is primarily used in research contexts, so it doesn’t come with a

large library of pre-trained multilingual models like PaddleOCR does. The emphasis is more on the algorithms than on pre-

packaged language support.
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Use Cases & Performance: MMOCR is best suited for OCR research and building custom OCR solutions. It’s described

as “the modular alchemist” because you can concoct your own OCR system by mixing components [58]

adityamangal98.medium.com [73] adityamangal98.medium.com. For a developer who wants a quick OCR API, MMOCR

might be overkill – it requires understanding of the config and model zoo. But for a practitioner who wants to fine-tune a

model on a specific dataset (say, a specialized font or unusual layout) or try the latest idea from a paper, MMOCR is ideal. It

supports fine-tuning and evaluation in a consistent framework. In terms of performance, since MMOCR implements SOTA

models, one can achieve very high accuracy with the right choice of model. For example, using ABINet or PARSeq (which

are among the top-performing scene text recognizers in recent literature) can yield excellent accuracy on benchmarks like

ICDAR robust reading challenges. The trade-off is often speed and complexity – e.g., Transformers (SATRN, ViTSTR) in

MMOCR are slower and heavier than a simple CRNN. MMOCR allows you to choose depending on your needs (it even has a

“Tiny” CRNN model for faster but lower-accuracy needs). A recent guide noted that MMOCR supports many cutting-edge

models and is very powerful, but has a steeper learning curve and is more suited for researchers than casual devs[33]

adityamangal98.medium.com. This is accurate: one might use MMOCR to experiment with a novel model or to reproduce

academic results.

In summary, MMOCR doesn’t represent a single OCR solution but a toolbox of solutions. It has been used to

achieve top results in some open competitions. For instance, the documentation cites that integrating advanced

layout analysis and training (as in OCR4all or Kraken) can yield top-tier accuracy on historical texts [75] arxiv.org,

and MMOCR provides the building blocks to do such integration. If you have the time to “experiment in the lab,”

MMOCR is extremely powerful [76] adityamangal98.medium.com – but for a quick deployment, one might wrap a

pre-trained MMOCR model or opt for simpler libraries.

Mindee DocTR – Deep Learning OCR for Documents

DocTR (Document Text Recognition) by Mindee is an open-source OCR library focused on document OCR with

deep learning. It provides end-to-end OCR, including page layout analysis, text detection, and recognition, with

an easy Python API (and integration into the PyTorch ecosystem) [77] github.com [78] github.com. DocTR is often

praised for its high performance on structured documents and for having modern Transformer-based models

under the hood.

Architecture: DocTR follows a two-stage approach: first text detection (localize words/lines), then text recognition

(transcribe each one) [77] github.com. The library allows choosing different architectures for each stage. For detection,

DocTR’s default is DBNet (with a ResNet-50 backbone) which is fast and accurate for document text [79] github.com. An
alternative detection model in DocTR is LinkNet (good for dense text). For recognition, DocTR offers multiple models: a

CRNN with VGG-16 backbone (crnn_vgg16_bn), a CRNN with MobileNet for lighter use, and more advanced models like

SAR (Sequence Attention Recognizer), MASTER (Multi-Aspect Self-Attention Text Recognizer), and even Vision

Transformer (ViT) based models like ViTSTR and PARSeq[80] mindee.github.io [81] mindee.github.io. Notably, DocTR

includes implementations of ViTSTR (Vision Transformer for STR) and PARSeq (Paragraph-aware sequential OCR),

which are recent (2021–2022) transformer models for text recognition [82] mindee.github.io [80] mindee.github.io. It also

has a model called Predictor that combines a chosen detector and recognizer to perform full-page OCR easily. In fact, using

ocr_predictor(det_arch='db_resnet50', reco_arch='crnn_vgg16_bn', pretrained=True)  will build a pipeline

with those components and load pretrained weights [79] github.com. Under the hood, DocTR extensively uses Transformers

– for example, its highest-accuracy recognizer uses a transformer encoder-decoder architecture (much like TrOCR or the

one in the paper “Attention is all you need for OCR”). DocTR was recently adopted into the official PyTorch ecosystem,

indicating its maturity [83] docs.pytorch.org.
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Text Line Segmentation: The detection stage (DBNet by default) produces polygonal text regions. DocTR’s detection is

layout-aware in that it can find text across multiple columns and returns coordinates in page-relative positions [77]

github.com [78] github.com. DocTR’s ocr_predictor  will take an image (or PDF) and automatically handle resizing,

detect all text lines (or words), sort them (by reading order), and then feed them to the recognition model. It can even output

hierarchical structure: Page -> Blocks -> Lines -> Words, with coordinates for each [84] github.com. This means DocTR can

reconstruct the layout of a page to some extent (e.g., maintaining the distinction between separate columns or paragraphs).

The detection model DBNet has proven effective on dense documents, achieving recalls ~73-74% on challenging sets like

FUNSD (form understanding dataset) [85] mindee.github.io. DocTR also provides a rotated text feature – it can detect text

at arbitrary orientation and then rotate it for recognition, or output the rotation angle. This is useful for scanned documents

that might have mixed orientations or marginalia. In usage, one can choose to assume all pages are upright (for speed) or let

DocTR handle orientation detection [86] github.com.

Recognition & Features: For recognition, if using the CRNN (VGG16-BN + BiLSTM + CTC), it works similarly to described

CRNNs: the VGG16 (with batch norm) extracts feature maps, which are sliced into sequences for the BiLSTM, and then

decoded via CTC. The MASTER model available in DocTR uses a Transformer-based decoder (with no LSTM, using multi-

head attention to attend over the visual features) [62] mmocr.readthedocs.io. ViTSTR uses a pure Vision Transformer as a

feature extractor and a small linear decoder – it treats text as a patch sequence problem (this model is particularly good for

regular horizontal text) [87] mindee.github.io [88] mindee.github.io. PARSeq is another advanced model (by Google

Research) that uses a transformer and iterative refinement decoding – DocTR’s benchmark suggests PARSeq achieved

among the top accuracy on their tests [80] mindee.github.io [89] mindee.github.io. DocTR provides pretrained weights for

these models, trained on public datasets (like SynthText, ICDAR, etc.). The performance difference is that transformer

models like ViTSTR, PARSeq tend to yield slightly higher accuracy, especially on harder cases (long text, angled text), at the

cost of being heavier and slower [90] mindee.github.io [82] mindee.github.io. For instance, DocTR’s table shows PARSeq at

~95.6% accuracy on their eval with ~23M params, whereas a MobileNet CRNN was ~94.5% with 4.5M params [91]

mindee.github.io [90] mindee.github.io.

Post-Processing: DocTR returns results in a structured format. Each text element comes with a confidence score. It can

output recognized text directly or reconstruct a searchable PDF by “overlaying” the recognized text at the original

coordinates (useful for creating a PDF with text layer) [92] github.com. For languages, DocTR’s default models are focused

on English (Latin alphabet). However, it allows specifying the vocabulary/charset for recognition models; one can swap in

French or Spanish character sets, etc. [93] mindee.github.io. The documentation shows how to access or modify the vocab

of a model (e.g., to include accented characters) [93] mindee.github.io. There is no heavy dictionary correction in DocTR’s

pipeline by default, but one could integrate a spell-checker if needed on the output text.

Supported Languages: DocTR’s pre-trained models primarily target English and French (Mindee being a French company)

and some numeric/financial data formats. The GitHub mentions 50+ languages supported in some capacity [94]

adityamangal98.medium.com – likely meaning that by changing the character set and perhaps fine-tuning, it can handle

dozens of languages. But unlike Tesseract or PaddleOCR, DocTR doesn’t (yet) provide a full suite of ready multilingual

models. It excels in Latin-alphabet documents; for non-Latin scripts, one would need to train a model (the toolkit can

certainly handle it, since the architectures are general). The detection model is script-agnostic (text is text), so it will detect

Chinese or Arabic text just fine – it’s the recognition model that needs appropriate training.
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Use Cases & Performance: DocTR shines in structured document OCR, such as reading academic papers, forms,

business documents, where preserving layout and achieving high fidelity is important. It is one of the more accurate open-

source OCR solutions on such tasks. In a benchmark provided in its docs, DocTR (with DBNet + a Transformer recognizer)

was compared to commercial APIs: it achieved ~73.7% recall / 76.5% precision on a form dataset, which is on par with

Google’s Vision API (which had ~64% recall on the same, but that might be a partial comparison) and not far from Amazon

Textract’s recall (78%) [85] mindee.github.io [95] mindee.github.io. Notably, Textract had higher recall but much lower

precision on one dataset (indicating more false positives) [95] mindee.github.io. This suggests DocTR’s balance of

detection and recognition is strong. Another advantage is that DocTR runs fully offline (no calls to cloud services) and can

be integrated into Python workflows easily – a plus for privacy and speed. It can process PDF files natively (using pdf2image

internally to rasterize pages) and output results in various formats (JSON, PDF with hidden text, etc.) [92] github.com.
DocTR is a relatively new entrant (around 2021) but quickly gained attention; for example, it was featured when it joined

PyTorch ecosystem. Its use of Transformers represents the direction of state-of-the-art: moving beyond LSTMs to get even

better accuracy on long text lines and complex scripts [96] arxiv.org [94] adityamangal98.medium.com. For typical A4
page scans, DocTR’s accuracy is extremely high (with clean input, one can expect character accuracy > 98-99%). It also can

handle handwritten-style fonts or digital ink moderately if the recognizer is fine-tuned, but for true cursive handwriting,

one would need an HTR-specific model (DocTR does not come with a cursive handwriting model). Finally, regarding

efficiency, DocTR’s CNN models are quite fast with GPU, but the Transformer models are heavier. For example, ViTSTR-large

has 85M parameters and was ~11× slower than a small CRNN on CPU (taking ~100 ms per text line on a CPU) [97]

research.baidu.com. DocTR mitigates this by offering smaller models for those who need speed (MobileNet CRNN runs

faster, albeit with slightly lower accuracy). In summary, DocTR represents state-of-the-art document OCR in open-source,

leveraging modern deep learning to handle both text and layout with high accuracy [98] adityamangal98.medium.com [99]

adityamangal98.medium.com. It is an excellent choice when you need to OCR complex documents and maintain structure,

and its performance is competitive with (or even exceeding) some commercial OCR APIs on standard benchmarks [85]

mindee.github.io [95] mindee.github.io.

Calamari – Ensemble OCR for Historic Prints

Calamari OCR is an open-source OCR toolkit tailored for text line recognition, with a focus on historical print

documents and even some handwriting. It has gained popularity in the digital humanities community for its high

accuracy on difficult texts like 19th-century newspapers or books in Fraktur font. Calamari uses deep CNN-

LSTM models and an ensemble approach (voting) to boost accuracy [100] poshan0126.medium.com [101]

poshan0126.medium.com.

Architecture: Calamari’s core is a neural network OCR model for single text lines, typically a CNN + bidirectional LSTM

with CTC, similar to CRNN. The default network in Calamari (per its documentation and paper) consists of two convolutional

layers (with 64 and 128 filters, kernel size 3×3) each followed by max pooling, then a Bidirectional LSTM layer, and finally

a fully connected output layer over the character set [102] poshan0126.medium.com. The network is trained with CTC loss

just like other sequence OCR models [44] poshan0126.medium.com [103] poshan0126.medium.com. What sets Calamari
apart is its support for training multiple models in an ensemble. It can perform cross-fold training: for example, train 5

models on different splits of the data (each sees slightly different training data), then use all 5 for prediction and combine

their outputs by voting [104] github.com. This approach leverages the variance between models – each model may make

different mistakes, and a voting scheme (often confidence-weighted) can resolve ambiguities, resulting in significantly lower

error rates [105] poshan0126.medium.com [106] poshan0126.medium.com.

Text Segmentation: Notably, Calamari by itself does not do page layout or line segmentation[107]

poshan0126.medium.com. It operates on pre-segmented line images. This means that to OCR a whole page with

Calamari, one typically uses an external layout analysis (such as OCRopy’s segmentation, or another tool to cut out lines). In

practice, Calamari is often integrated into pipelines like OCR4all or used with pre-segmented data. The design decision to

exclude segmentation allowed Calamari’s authors to focus on optimizing the recognition stage heavily. It supports vertical

and bidirectional text lines (useful for mixed RTL/LTR scenarios) by handling line images accordingly [108]

poshan0126.medium.com.
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Feature Extraction & Training: The CNN layers extract visual features from the line image, compressing it to a fixed height

(Calamari usually normalizes lines to 48 px height with padding) [108] poshan0126.medium.com. The BiLSTM then

captures context across the sequence. Training uses CTC, and fine-tuning is a key feature – Calamari makes it easy to fine-

tune a pre-trained model on your specific dataset (a common need for historical documents, where a generic model might

need slight adaptation) [109] poshan0126.medium.com. It even supports “codec resizing”, which means you can fine-tune

a model to a new character set (e.g., adding characters) without losing the learned weights for existing characters [109]

poshan0126.medium.com. This is very handy for historical documents that may contain archaic characters or diacritics not

present in base models.

Ensemble Voting: During prediction, if an ensemble of n models is used, each model will output a sequence and character-

level confidence scores. Calamari then performs confidence-based voting to produce the final sequence [105]

poshan0126.medium.com. Essentially, for each time-step (or each hypothesized character position), it looks at the

characters predicted by each model and their confidences, and picks the most confident consensus. This drastically

reduces random errors. For example, if one model mis-reads a character due to noise but four models get it right, the wrong

one can be outvoted. The result is a robust final output. Empirical studies have shown Calamari’s ensemble approach can

reduce character error rates by 30-50% compared to a single model, especially on difficult print like Gothic fonts [110]

arxiv.org. Indeed, one study noted that an ensemble of LSTM models (Calamari) brought CER on 19th-century Fraktur

below 1%, outperforming Tesseract and even commercial engines on that task [110] arxiv.org. This is an impressive feat,
indicating near human-level transcription accuracy for that domain.

Supported Languages & Scripts: Calamari is mostly used for Latin-script historical texts (English, German Fraktur, etc.),

but it can be trained on any alphabet. It doesn’t come with built-in language models or dictionaries – it’s strictly character

sequence output. If needed, one could apply a lexicon post-correction externally. It handles Unicode well, so things like long

s (ſ) in old texts, or combining diacritics, can be recognized if included in the training data. The OCR4all project provides

pretrained Calamari models for German Fraktur, early 20th century prints, etc., which are widely used in heritage

digitization. Calamari can also be used for handwritten text lines, though its default conv+LSTM is more tuned to print; some

have trained it on cursive with success by adjusting network size.

Use Cases & Performance: Calamari is a high-accuracy OCR engine for line-based OCR, especially suited for historical

documents, typewritten archives, and any scenario where you can invest in training custom models. It may not be the

fastest (using multiple LSTMs in ensemble is computationally heavier), but it’s optimized to minimize errors. Researchers

often use Calamari when they need to transcribe large collections of old printed works with minimal mistakes – for example,

digitizing historical newspapers where even a 1% error rate could be thousands of errors, Calamari’s ensemble can

dramatically improve quality [111] arxiv.org. It’s also used in competition submissions for difficult OCR tasks. The main

limitation is that Calamari only works on pre-segmented lines – so it’s not an all-in-one solution; it’s one part of a pipeline.

Also, it doesn’t inherently know about page-level context or reading order beyond a single line. But those concerns can be

managed by pairing it with a layout tool. In summary, Calamari demonstrates that ensemble deep learning can push OCR

accuracy to new heights, particularly in specialized domains like historical print OCR. As one paper concluded, using

Calamari’s mixed CNN–LSTM models and voting “outperform previous models” on various languages [112] aclanthology.org.
If ultimate accuracy on challenging printed text is the goal (and one has the compute to handle ensembles), Calamari is a top

choice [110] arxiv.org. It exemplifies state-of-the-art non-LLM OCR for niche domains by leveraging ensemble learning and

fine-tuning.

Kraken – Trainable OCR/HTR for Historical & Non-Latin Scripts

Kraken is an open-source OCR system optimized for historical documents and non-Latin scripts, providing a

full pipeline (layout analysis, text recognition) that is highly customizable kraken.re. It is essentially the spiritual

successor to OCRopus, maintained by developer Benjamin Kiessling. Kraken is often used via its command-line

interface or integrated into transcription platforms like eScriptorium.
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Architecture: Kraken is designed to be fully trainable for both layout analysis and text recognition kraken.re. By default, its

text recognition engine is an LSTM-based neural network similar to OCRopus/Calamari (multi-layer CNN + BiLSTM + CTC).

One key aspect: Kraken supports variable network architectures – users can define the network layers (to an extent) or

use pre-built ones kraken.re. For example, one can choose a smaller model for speed or a larger one for accuracy. Kraken’s

default models for printed text use a convolutional frontend and 1 or 2 BiLSTM layers, whereas for handwriting it may use

deeper LSTMs. Historically, Kraken also experimented with MDLSTM (multi-dimensional LSTM) networks (like OCRopus’s

older approach) for handwriting, but current versions lean towards simpler 1D LSTMs with careful training.

Layout Analysis: Unlike many OCR engines, Kraken includes a trainable layout analysis (segmenter). It can perform page

segmentation to detect text lines, and it’s not limited to Latin layouts – it handles right-to-left and vertical text directions

(for scripts like Arabic, or Mongolian which is vertical) kraken.re. The layout analysis is powered by a neural network (often a

U-Net or similar CNN that finds baselines or text regions). Users can train this on custom layouts, meaning if you have

manuscripts with complex layouts, you can fine-tune Kraken’s segmenter to those. By default, Kraken provides models for

typical historical book layouts and also for some non-Latin scripts that require special segmentation (for instance, Arabic

cursive segmentation into lines can be tricky, and Kraken addresses that). The output of segmentation is a series of

baselines or bounding boxes with reading order, which Kraken then feeds into the recognizer.

Feature Extraction & Recognition: Kraken’s recognizer takes each segmented line region (often using a polygon baseline

with some region of interest around it) and extracts features for the LSTM. If using the default architecture, it likely uses

several convolutional layers to extract a feature sequence, then passes it through a BiLSTM and CTC. The training routine is

flexible – one can start from scratch or fine-tune an existing model on new data. Kraken’s model library (hosted on GitHub

and Zenodo) contains many pretrained models: for example, models for 18th-century French prints, Armenian

manuscripts, Syriac texts, etc. are publicly shared kraken.re kraken.re. This fosters reuse so you might find a model that is

close to your material and fine-tune it rather than starting fresh.

Post-Processing: Kraken can output results in rich formats like ALTO XML, PAGE XML, hOCR, with word bounding boxes

and even character cut positionskraken.re. This is important for researchers who need coordinates of text for highlighting

or searching. It also supports right-to-left and bidirectional text properly – meaning the output text is in the correct reading

order even when mixing scripts (using Unicode BiDi algorithms under the hood). Kraken doesn’t enforce dictionary

correction by default (since it’s often used on historical texts with archaic spellings), but one could apply external post-

correction if desired. The system’s philosophy is to produce the literal transcription as is.

Supported Languages: A major strength of Kraken is its focus on non-Latin and historical scripts. It has out-of-the-box

models or community-contributed models for things like Arabic (including Persian and Ottoman print), Syriac, Greek,

Hebrew, various Indic scripts, etc., as well as blackletter Fraktur and other older European typefaces kraken.re [34]

arxiv.org. Because everything is trainable, Kraken can tackle scripts that commercial OCR often ignores. For instance, users

have trained Kraken on old Cyrillic manuscripts or even CJK (though for Chinese/Japanese, large training data is needed, so

specialized engines might do better). The flexibility in network architecture allows adapting to the script’s needs (e.g., more

LSTM units for Chinese due to large character set). Kraken’s developer provided trained models (“Tentacle” models) for

some scripts on Zenodo, which can be downloaded via the kraken  command-line (as shown by the example of

downloading a French model) kraken.re kraken.re. The license of models is often CC-BY or similar, meaning they are openly

usable.

Use Cases & Performance: Kraken is often the tool of choice in digital humanities projects where one is OCRing historical

archives that mainstream OCR struggles with. For example, comparative evaluations have shown Kraken outperform

Tesseract on challenging historical texts[75] arxiv.org, especially when a specific model is trained for the material. Its

ability to be trained means accuracy can become very high if you provide enough transcribed examples – effectively

reaching state-of-the-art HTR (Handwritten Text Recognition) performance on many benchmarks when properly trained.

A 2020 study noted Kraken’s trainable models “have demonstrated superior accuracy on challenging texts compared to

Tesseract” [75] arxiv.org. In one case, training a Kraken model on early printed Greek achieved far better results than any

out-of-the-box engine. Similarly, for handwritten archives, Kraken (or its integration in Transkribus) yields excellent results if

given a few thousand lines of training from that specific handwriting. It doesn’t do everything automatically – you need to

have training data or use existing models – but the payoff is a custom model fine-tuned to your documents. Efficiency-wise,

Kraken can use GPUs and is relatively fast (processing a line in a fraction of a second on GPU). Its layout analysis uses

neural nets so it’s slower than simple projection profiles but more robust.

In summary, Kraken provides a complete, flexible OCR solution for specialized needs. It stands out for

supporting scripts and layouts that many others cannot, thanks to its trainability and script-awareness

kraken.re. While out-of-the-box usage might require selecting an appropriate model, the effort is worth it for
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difficult material. Kraken essentially fills the gap for OCR/HTR in domains where data is scarce or scripts are

under-served, by allowing the community to build models collaboratively. As the folkloristic OCR study

indicated, combining Kraken’s neural OCR with domain-specific training can achieve excellent results where

generic solutions fail [34] arxiv.org [111] arxiv.org. It’s a shining example of state-of-the-art OCR tailored to the

humanities and archival work – and notably, it achieves this without any LLMs, purely through CNN/LSTM deep

learning and careful training.

Transformer OCR Models – TrOCR and Beyond

In the last few years, Transformer-based OCR models have pushed the envelope in text recognition accuracy.

One prominent example is TrOCR (Transformer OCR) by Microsoft Research [113] arxiv.org. Unlike the previously

discussed engines which often use CNN+LSTM or CNN+CTC, TrOCR is an end-to-end Transformer model that

treats OCR as a sequence-to-sequence problem (image to text) – essentially bringing the advancements of

Transformers into OCR.

TrOCR Architecture: TrOCR uses a Vision Transformer (ViT) as the image encoder and a pretrained text Transformer

(similar to BERT or RoBERTa) as the decoder [114] adityamangal98.medium.com. The image (usually a cropped text line or

word) is split into patches for the ViT encoder, producing a sequence of image embeddings. The decoder takes these and

generates the output text one token at a time, using an autoregressive approach with cross-attention over the image

features [96] arxiv.org. Crucially, TrOCR leverages pretraining: the ViT encoder can be initialized from models pretrained on

ImageNet, and the decoder is initialized from a large language model (hence without being “large” in the modern sense, it’s

still a language model trained on text) [96] arxiv.org. In training, TrOCR was first pretrained on synthetic OCR data

(hundreds of millions of synthetic images of words) with an unsupervised objective, then fine-tuned on real annotated data

for tasks like printed text OCR, handwritten text OCR, and scene text. The result is a model that achieved state-of-the-art

results on multiple OCR benchmarks upon its release [115] arxiv.org. For instance, TrOCR topped accuracy on the printed

text benchmark (ICDAR) and also on the IAM Handwriting dataset, outperforming traditional CNN-LSTM models. Microsoft

open-sourced TrOCR models (available on HuggingFace), making it accessible to the community.

Technical Details: Because TrOCR’s decoder is a language model, it naturally incorporates context and a kind of “built-in

dictionary”. This means it can often correct ambiguous characters by looking at context (for example, it might more

accurately distinguish “O” vs “0” by seeing surrounding letters). The model generates text at the subword level

(wordpieces), not character by character, which is another distinction – it’s effectively doing OCR as a translation from

image to text tokens [96] arxiv.org. This is different from CTC which has no explicit language context. As the TrOCR paper

noted, earlier OCR methods often needed an external language model to post-correct, but TrOCR bakes that into the model

architecture [113] arxiv.org. The TrOCR-base model has around 100 million parameters (depending on variant) – larger than

a typical CRNN, but still manageable with modern hardware.

Performance: The TrOCR paper and subsequent evaluations showed impressive gains in accuracy. For example, on

printed English text, TrOCR improved character error rates by a notable margin. On handwritten text (IAM dataset), it set a

new benchmark (around 2-3% CER, which was a substantial improvement) [115] arxiv.org. On scene text datasets (like
Street View Text or IIIT5K), it also performed strongly, though scene text often needs a detector plus recognizer – TrOCR

addresses the recognizer part. An independent evaluation in 2022 also found TrOCR to be robust against certain image

distortions [116] learnopencv.com. The downside is that Transformers are heavier to run; TrOCR is generally slower than an

equivalent CRNN and needs more memory [33] adityamangal98.medium.com. But for offline high-accuracy requirements,
the trade-off is worth it.

Use Cases: TrOCR (and similar transformer OCR models) are particularly useful in scenarios where you want the highest

possible accuracy and are dealing with either a single language (TrOCR’s released models are English-centric) or you can

fine-tune it to your language. They excel in reading handwritten documents (where context really matters to disambiguate

strokes) and noisy images. For example, Microsoft integrated a version of TrOCR into their Azure Cognitive Services as the

new “Read API” model for handwriting – enabling reading cursive notes in AI Builder. Also, because the decoder is

effectively a language model, one must be cautious: it might occasionally “hallucinate” plausible text if the image is very

unclear (just as an LLM might). But generally, it stays grounded by the encoder’s features.
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Other Transformer Models: TrOCR sparked a trend – other researchers have introduced models like PARSeq (which DocTR

includes) that also use a transformer decoder for OCR, and ABINet which has a vision module plus a separate language

module that refines the output [70] mmocr.readthedocs.io [71] mmocr.readthedocs.io. Another one is SATRN (Spatial

Attention TRansformer Network) which uses self-attention in place of LSTM but still uses a CNN backbone [63]

mmocr.readthedocs.io. These models often report superior accuracy to LSTM ones on benchmarks. ABINet, for example,

reported top accuracy on several scene text datasets by iteratively correcting an initial OCR output with a language model.

The general theme is OCR accuracy is boosted by incorporating more powerful sequence modeling (Transformers) and

training on large data.

Given the rapid development, by 2025 many state-of-the-art OCR research models are transformer-based or

hybrid. They remain specialized (not general-purpose LLMs, but specialist models). Importantly, these are not

LLM-based in the interactive sense, though they do involve language modeling concepts. They don’t require

the massive context or prompts that GPT-style models do; they are trained specifically for image-to-text

mapping. For example, TrOCR-base is far smaller than GPT-3 and is trained on OCR-specific data [117] arxiv.org.

So they fit our definition of non-LLM OCR tech, yet leverage modern deep learning.

In summary, the introduction of Transformers into OCR (via models like TrOCR, ViTSTR, PARSeq) marks a

significant recent advancement. These models have set new records in accuracy for printed text, scene text,

and even handwriting recognition [115] arxiv.org. The trade-offs are increased computational cost and sometimes

being language-specific (TrOCR’s public model is English-only, though one could train similar models for other

languages) [114] adityamangal98.medium.com [33] adityamangal98.medium.com. As hardware and efficiency

techniques improve, we expect transformer OCR to become more common in deployed systems for the toughest

OCR tasks. For now, they represent cutting-edge OCR research – often incorporated into open-source

frameworks (as we saw with DocTR and MMOCR including such models). It’s an exciting area of development

that keeps pushing OCR closer to human-level reading performance in various domains.

Closed-Source & Commercial OCR Solutions

Open-source engines provide transparency and flexibility, but commercial OCR solutions often lead in user-

friendly features, support, and integration into workflows. Here we outline major proprietary OCR systems,

noting their techniques and where recent deep learning advances have been integrated.

ABBYY FineReader – AI-Powered OCR Veteran

ABBYY FineReader is a long-established leader in OCR software, known for its high accuracy on printed

documents and advanced layout analysis. It’s a closed-source, commercial engine, but over the years ABBYY

has incorporated significant “AI” improvements, including neural networks. FineReader’s latest versions (e.g.

FineReader PDF 15 and 16) utilize a combination of deep learning (CNN/LSTM) and ABBYY’s legacy

algorithms to achieve outstanding recognition of complex documents.

Architecture & Features: ABBYY is somewhat secretive about its internals, but it’s documented that recent versions include

a neural network OCR engine based on LSTMs as one option [118] milvus.io [119] guides.libraries.psu.edu. FineReader
typically uses a multi-engine approach: it has a legacy pattern-based engine and a new LSTM-based engine, and it can

blend their results. The LSTM engine likely functions similarly to Tesseract’s or Calamari’s (CNN + BiLSTM + CTC) but

trained on ABBYY’s proprietary extensive dataset across hundreds of languages. In addition, ABBYY’s strength has always

been its layout analysis – it can detect columns, tables, headers/footers, footnotes, etc., and preserve formatting in the

output. The software analyzes page structure using AI to identify text blocks, table grids, images, and distinguishes between

body text and other elements. FineReader 15 was noted to “excel in processing multi-column documents, tables, and low-

quality scans”, areas requiring robust layout parsing and cleanup [120] milvus.io. This suggests heavy use of computer
vision techniques (likely CNNs to classify regions and perhaps detect table lines, etc.). FineReader also incorporates image

pre-processing like binarization, de-skew, noise removal, all tuned by machine learning for optimal OCR input.
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Segmentation: FineReader’s layout segmentation is one of the best in class. It can handle newspapers with multiple

columns, magazine layouts, forms, and more. For instance, it will separate text flowing in two columns and ensure the

reading order is correct (a challenge where Tesseract often fails) [121] researchgate.net. It identifies tables by detecting
ruled lines or consistent vertical alignments, and can output them as actual tables (e.g. in Excel or HTML). This is a

differentiator for business use-cases (like OCR’ing financial statements or forms). The segmentation engine likely uses a

combination of connected component analysis and neural network classifiers to label regions. ABBYY has patents on

segmenting documents using morphology and more recently on using CNNs for region classification.

Recognition & Post-processing: Once text lines are isolated, ABBYY’s recognition step uses its trained OCR models per

language. They have huge language support (over 200 languages including Latin, Cyrillic, CJK, Indic, Arabic, Hebrew, etc.).

FineReader uses language dictionaries and context to improve accuracy – it will flag unlikely word sequences, and can

auto-correct OCR results if they don’t match a word from its extensive lexicons (unless in “exact” mode). It also has an

adaptive learning feature: as the user edits OCR mistakes in the interface, FineReader can learn that pattern (for example, a

specific font quirk) and reapply it to improve results in remaining pages. This is a classical technique augmented by AI –

effectively a form of user-guided model refinement on the fly.

Supported Inputs/Outputs: ABBYY FineReader is versatile – it can OCR scanned PDFs, images, and even photos from

mobile cameras. It has specific settings for camera OCR which apply dewarping and perspective correction (possibly using

neural networks to identify page edges and curvature). For output, besides plain text, it can produce PDF with searchable

text (keeping the original image with a hidden text layer – crucial for archiving), Word documents with original formatting,

Excel spreadsheets from tables, etc. FineReader’s PDF export includes retaining fonts, bold/italic, headings – which it infers

by analyzing font sizes and styles on the page (likely an AI classifier determining heading vs body text).

Use Cases & Performance: FineReader is commonly used in business and archival settings – legal document digitization,

corporate scanning workflows, libraries digitizing books, etc. It is known to handle low-quality and old scans better than

many competitors [120] milvus.io. For example, scans of carbon-copied typewritten pages, or faxed documents, often still

OCR well in ABBYY due to its specialized image enhancement and character training on noisy data. FineReader’s accuracy

on clean prints is extremely high – often above 98-99% character accuracy for high-quality scans, and its error rates on

difficult documents consistently rank among the lowest in OCR evaluations. Users often remark that FineReader outperforms

open-source engines on things like Arabic text or mixed-language documents, thanks to ABBYY’s long development in

those areas. However, in recent years, the gap has narrowed as open-source deep learning models (like PaddleOCR)

approach parity on some tasks [34] arxiv.org. Still, FineReader remains a gold standard, particularly for multi-language

documents (it can automatically detect language changes within a document) and complex layout preservation. It also

supports hand-printed text (ICR) to a limited extent – for example, it can recognize digits and constrained handwritten

fields (useful in forms). But for free-form handwriting (cursive letters), it’s not a strong suit of FineReader (ABBYY has

separate products for handwriting, which are not as widely known).

In essence, ABBYY FineReader exemplifies a mature OCR system that has progressively incorporated deep

learning to remain at state-of-the-art. It blends the new (LSTM neural nets for character recognition) with the

old (decades of heuristics for layout and language) to deliver one of the most accurate and reliable OCR

solutions for document scanning[120] milvus.io. Many modern evaluations still use ABBYY as the benchmark to

beat. As one user noted, Apple’s Live Text on macOS, a very new ML-based OCR, was “impressively good, and

actually better than ABBYY on basic OCR” in their tests [122] discourse.devontechnologies.com – which is a

testament to how far AI OCR has come. But it also highlights that ABBYY’s reign is being challenged by newer AI

entrants. Nonetheless, in enterprise, FineReader’s robustness and feature set keep it highly relevant.

Google Cloud Vision OCR – Scalable Multilingual OCR as a Service

Google Cloud Vision API includes a powerful OCR capability that has benefitted from Google’s extensive

research in computer vision and large-scale infrastructure. It’s a closed-source cloud service – developers send

images and receive OCR results via API. Google’s OCR under the hood is the same technology that powers

Google Photos image text search, Google Lens, and used to power Google Drive’s OCR for PDFs.
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Architecture: While Google hasn’t published all details, they have hinted at their approach in research papers and blog

posts. The OCR in Cloud Vision likely uses a two-step process: text detection in images using a region proposal or

segmentation network, and text recognition using a deep neural network (possibly an LSTM or Transformer) on each text

region. Early versions of Google’s OCR (circa 2016) used models like DeepMind’s “attention OCR”, which is an RNN with

attention that reads text in natural images. By 2020+, Google likely integrated more advanced models (possibly similar to or

derived from Transformers as well). Google’s OCR engine is trained on a very large corpus of data (including not just Latin

but also Japanese, Chinese, Devanagari, etc.), giving it broad language coverage. According to Google’s documentation, the

Vision API’s text detection can handle “over 50 languages and multiple file types”[123] thinkbiganalytics.com. It’s safe to
assume they use a unified model or a set of models that cover those languages. The architecture must also address unusual

challenges like vertical Japanese text, or cursive script, etc. Google’s solution for handwriting uses a specialized model (the

API has a mode called DOCUMENT_TEXT_DETECTION  which is optimized for dense text and supports handwriting). This

suggests that behind the scenes, they choose different model variants depending on the content: e.g., a dense text model

for documents (which might be an LSTM-based OCR similar to Tesseract’s approach but more advanced) vs. a sparse scene

text model for photos (which might be an attention-based CNN-LSTM or Transformer recognizer).

Detection and Segmentation: The Cloud Vision API will return a full hierarchy of text: it provides words, lines, paragraphs

with bounding boxes. This indicates it performs layout analysis to group words into lines and lines into paragraphs. In the

case of document OCR (the DOCUMENT_TEXT_DETECTION  feature), it even returns information about breaks (new lines,

spaces) and can output in a format that preserves layout somewhat (like JSON with position of each paragraph). The

detection part might be using something like EAST or CRAFT (Google had a paper on an Efficient and Accurate Scene Text

detector) or maybe a Feature Pyramid Network with a detection head (like how object detection finds text). Since Google

deals with millions of images daily, the detection must be efficient. Many speculate they use a single-shot detector for text

lines or words, then a recognizer on each. For handwriting in documents, segmentation is trickier – Google’s approach might

rely on connected components or a learned segmenter, given that handwriting can be cursive (they once had an online

handwriting recognition in Android based on LSTMs, but that’s a separate domain).

Recognition & Language Support: For recognition, Google’s models incorporate language modeling to some degree. The

API can auto-detect the language of the text in the image. For example, if you give it an image with mixed English and

Spanish, it can figure that out. If you provide a hint of the language, it might do even better. The output is plain text (with

spaces and newlines preserved as it sees them). It’s known that Google’s OCR handles multilingual documents (like a

page with English and Chinese) reasonably well – it likely runs separate recognizers per script region. The supported scripts

are numerous: Latin, Cyrillic, Chinese (both Simplified and Traditional), Japanese, Korean, Arabic, Hindi/Devanagari, and

many more. Some scripts like Arabic and Devanagari have complex shaping; the OCR output accounts for that (they likely

normalize the text internally). A 2022 marketing line states Google’s deep learning OCR can read text in over 50

languages[123] thinkbiganalytics.com, but in practice, it might be higher now (for example, their Document AI for OCR lists

200+ languages for certain models). Possibly, Google’s cloud OCR uses a technique of training one model on many

languages simultaneously (multilingual OCR model), which is feasible with a shared Latin backbone and script-specific

output layers or a large output space.

Use Cases & Performance: The Vision API is used in mobile apps (e.g., scanning receipts, translating signs via Google

Translate app), in enterprise (processing invoices or forms by sending to Google’s API), and even in Google’s own products

(photo search). It is real-time capable when used on device via ML Kit for simpler cases, but the cloud version can handle

large documents as well. In terms of accuracy, Google’s OCR is generally very good – often comparable to ABBYY on

printed text, and continually improving. On a standard English document, it will get most words right. On a Spanish or

German doc, similarly high accuracy. For handwriting, Google’s cloud OCR does a decent job (they have a separate API for

handwriting recognition in documents), though perhaps not as strong as specialized HTR engines for difficult cursive. On

scene text (signs, posters), Google’s OCR is among the best – their models are trained on millions of real-world images

(think of Street View, Google’s own photos). For example, Google’s API can read distorted text on road signs that stumps

simpler OCR engines. However, certain users have reported quirks: sometimes the API struggles on very stylized fonts or on

documents with unusual layouts without guidance. The Vision API provides features to mitigate that (like specifying it’s a

“document” image vs. a “photo”, which triggers different OCR pipelines).

One standout capability is that Google’s OCR can return additional data like language code for each text

block, and even breakdown by lines and words with confidence scores. This is helpful for downstream

processing (e.g., highlighting a word location on the image as a user selects text).

Another aspect: Google’s OCR is part of a broader platform – for example, Google DocAI now offers specialized

OCR for receipts, invoices, IDs, etc., which layers on field recognition after OCR. But focusing on pure OCR,

Google’s system represents state-of-the-art cloud OCR, benefitting from Google’s research (like combining

IntuitionLabs - Custom AI Software Development
from the leading AI expert Adrien Laurent Technical Analysis of Modern Non-LLM OCR Engines

© 2025 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 16 of 29

https://thinkbiganalytics.com/google-cloud-vision-api#:~:text=Google%20Cloud%20Vision%20API%20features,languages%20and%20multiple%20file%20types
https://thinkbiganalytics.com/google-cloud-vision-api#:~:text=Google%20Cloud%20Vision%20API%20features,languages%20and%20multiple%20file%20types
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=technical-analysis-of-modern-non-llm-ocr-engines.pdf
https://intuitionlabs.ai/articles/non-llm-ocr-technologies?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=technical-analysis-of-modern-non-llm-ocr-engines.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=technical-analysis-of-modern-non-llm-ocr-engines.pdf


vision and language AI). Indeed, Google has been exploring combining LLMs with OCR for document

understanding (but that ventures into LLM territory, outside our scope). For plain OCR, their deep learning

models without LLM are highly effective, as evidenced by their support for handwriting and rare languages

where rule-based OCR never worked well [123] thinkbiganalytics.com.

Microsoft Azure OCR (Read API) – AI Reader in the Cloud

Microsoft’s Azure Cognitive Services include an OCR service historically called the “OCR API” and later

improved as “Read API” (now just part of the Vision services). Microsoft has invested in OCR through its

Computer Vision group and research (including the TrOCR model). The Azure OCR service leverages these

advances and is known for strong handwriting recognition and printed text OCR, especially for documents.

Architecture: The latest version of Azure’s Read API likely uses Transformers or at least CNN-LSTM with attention, given

Microsoft’s research trajectory. In 2019, their service was using deep CNNs for detection (similar to how Google did) and an

LSTM-based recognizer. By 2021, Microsoft announced a new model for their Read API that improved accuracy on

handwriting significantly – it wouldn’t be surprising if this was a variant of TrOCR integrated behind the scenes. The service

can handle multi-page PDF documents, suggesting a pipeline that detects and groups text lines by page, then processes

each. Microsoft’s models are trained on a variety of data including forms, receipts, etc., to cope with different domains. One

unique aspect: Azure’s Read API outputs the text with bounding boxes at the line level and at the word level, but crucially it

does so with reading order properly sorted (some OCR APIs require you to sort results yourself; Azure’s does a good job of

ordering). This implies their layout analysis component is solid (possibly a combination of analyzing text coordinates and

using projection profiles). They’ve also shown demos of their OCR reading handwritten content in mixed documents (like

a form filled with both print and handwriting) – likely using a unified model or separate passes.

Language and Script Support: Azure’s OCR currently supports around languages in both printed and handwritten form,

including Latin-based languages, Chinese, Japanese, Korean, Russian, Arabic, Hindi, and others (the exact count may be a

few dozen). They highlight their handwritten text support for languages like English, Spanish, French, German, etc., which

is something not all OCR services do well. This is enabled by training on datasets like IAM (English handwriting) and possibly

on real data from, say, OneNote or other Microsoft products that involve handwriting. The service automatically detects the

script of the text, or you can specify the language for potentially better accuracy.

Post-Processing: The Azure OCR gives JSON outputs with structure: each line has text and a polygon of coordinates. It

does not explicitly correct spelling (it aims to output exactly what’s on the image). However, in some of Microsoft’s products

(like Office Lens or OneNote), they integrate a spell-check after OCR for user-facing results. On the API level, though, it’s

raw OCR. Microsoft’s cloud OCR also does orientation correction – you can feed in rotated images and it will still read them

correctly (the service detects the rotation). Another aspect: Azure’s Form Recognizer uses the OCR under the hood but also

performs layout analysis like identifying tables and checkboxes – showing that the OCR technology can be extended into

those realms.

Use Cases & Performance: Azure’s OCR is used in enterprise for automated document processing (e.g., scanning

contracts, IDs, invoices). A strength often cited is its handwriting accuracy – for example, reading handwritten notes or

postal addresses. One scenario: converting scanned handwritten application forms into text – Azure’s model can often

handle cursive writing that stump simpler engines. In terms of raw accuracy on printed text, it’s comparable to Google and

ABBYY. On some benchmarks, one might edge out the other by a small margin, but generally all three (Google, Microsoft,

ABBYY) are top-tier. Where Microsoft’s may shine is integration with other Azure services: for instance, you can feed OCR

output into Azure’s Translator or into cognitive search. But focusing on the tech: since Microsoft released TrOCR research

showing superior results [115] arxiv.org, it’s likely their service now leverages that. If so, it means it’s doing an image-to-

sequence transformer and could be benefiting from a large pretrained model, which might explain improvements people saw

around 2021 in Azure’s OCR. For example, difficult fonts or rotated handwritten text that previously failed might now

succeed.

Microsoft also historically had an OCR in Windows (for example, in OneNote 2016, which could OCR

screenshots). That was an earlier engine and the Azure one has superseded it. Another product, Microsoft Lens

(Office Lens) on mobile, uses a version of the Azure OCR on device or cloud to scan documents. They also

introduced Spatial analysis OCR for recognizing text in an environment (e.g., read text off a whiteboard in real-

time, which uses some of the same models).
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In summary, Azure’s OCR is a cloud AI service that stays up-to-date with Microsoft’s latest OCR research,

offering high accuracy for both printed and cursive text and broad language support. It’s an example of a

commercial offering that directly benefits from cutting-edge developments like Transformers (without exposing

the complexity to the user).

Amazon Textract – OCR + Form Data Extraction

Amazon Textract is AWS’s OCR service, notable for not just doing OCR but also identifying the structure of the

document (forms, tables). For the OCR component, Textract uses deep learning under the hood as well.

Focusing on pure OCR first:

Architecture: Textract’s text detection likely employs a neural network (perhaps similar to Amazon’s in-house object

detection algorithms) that finds words or lines. It then uses a recognition model (again, likely an LSTM or Transformer-based

recognizer) to get the text. Textract was designed to handle a variety of document types, especially forms. It returns OCR

results as blocks of text with coordinates and also groups them into higher-level constructs. For instance, it can return that

certain text is a “KEY” and another is a “VALUE” in a form, or that a set of entries form a table. To do this, Amazon

presumably has additional ML models on top of OCR that analyze the spatial layout of text and lines/shapes. But focusing on

the raw OCR accuracy: Textract has been reported as very strong. A user on HackerNews in 2019 commented that “Amazon

Textract was excellent, best paid option” at the time [55] news.ycombinator.com, and that aligns with benchmarks where

Textract did quite well.

Performance & Benchmarks: In the DocTR benchmark we referenced, Textract achieved about 78% recall and 83%

precision on a form dataset (FUNSD), which was actually higher recall than the open-source pipeline tested [95]

mindee.github.io. However, its precision was a bit lower on another dataset, implying it might sometimes detect spurious

text or splits. Textract is optimized for structured documents: it might skip OCR on things that aren’t text (like a company

logo might not be read as letters, whereas a naive OCR might output gibberish for it). This improves overall output quality in

real cases. Textract’s support for tables means it identifies lines that likely form rows and outputs them in order, which is

beyond standard OCR.

One interesting metric: Textract is known to handle hand-printed text (isolated characters, like forms filled in

capital block letters) quite well, but it’s not meant for cursive handwriting (AWS doesn’t claim cursive support).

For that they integrate third-party or recommend Amazon Augmented AI with humans. So Textract’s sweet spot

is printed text. It supports a decent range of languages, but as of writing, AWS’s OCR language support was

somewhat behind Google/Microsoft – primarily covering English, Spanish, French, Italian, Portuguese, German

(and maybe Chinese, etc. – this may have expanded recently). AWS tends not to publicly list as many languages;

they focus on the main ones for their customer base.

Use Cases: Textract is heavily used in industries like finance and healthcare to automate data entry. For

example, parsing invoices: Textract will read the whole invoice text but then also return the values of fields

like “Total Amount” if asked (via their AnalyzeDocument API with forms). That uses OCR plus some NLP. But

purely as an OCR engine, it’s robust and scalable (AWS can process large batches, asynchronous jobs for

many-page docs etc.). Textract can output a searchable PDF as well (similar to ABBYY’s function), meaning

it can reconstruct text with coordinates.

Textract’s efficiency is high; it’s built to handle volume. If anything, a drawback is it’s not as interactive as, say,

running Tesseract locally for quick small tasks – Textract is aimed at enterprise workflows.

In summary, Amazon Textract exemplifies a modern commercial OCR that is deep-learning-based, cloud-

hosted, and integrated with domain-specific understanding (forms, tables). Its raw OCR accuracy is among

the top tier for printed documents – evidenced by high recall in studies [95] mindee.github.io – and it pairs that

with structural extraction, which shows how OCR outputs can be further processed by AI to yield not just text

but meaning (however, that drifts into beyond-OCR territory). For our focus, Textract’s use of CNN/LSTM

networks places it firmly in state-of-the-art non-LLM OCR, optimized for real-world documents at scale.
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Adobe Acrobat OCR – Convenient and Evolving

Adobe’s Acrobat (the PDF software) has an OCR feature (“Enhance Scan” / OCR) which many people use to

make PDFs searchable. Adobe has not published technical specifics, but historically, Acrobat’s OCR was

powered by an OEM version of either ABBYY or IRIS (IRIS is an OCR engine Adobe acquired). Recent Acrobat

versions show improvements that suggest neural network-based OCR is now involved.

Features: Acrobat’s OCR is very user-friendly: you click a button and it OCRs the entire PDF, keeping the appearance

identical but adding an invisible text layer. It detects the document’s language automatically (with a drop-down to force a

specific language if needed). As of Acrobat DC, it supports around ~30-40 languages (mostly European and Asian). The

accuracy is generally high for clean prints, though some users find ABBYY yields slightly better results on tough docs. It

handles multi-column layouts reasonably but not perfectly – sometimes it might join columns in the wrong order if the gap is

small. It does maintain font size in the hidden text to match the original (which is nice for search highlighting in context).

Underlying Tech: If Adobe is using IRIS (which they bought years ago), IRIS was known to have an LSTM-based engine as

well in its later versions. It’s likely that under the hood, Acrobat’s OCR is using a CNN+LSTM model for character

recognition, supplemented by dictionaries. Adobe Sensei (Adobe’s AI) could also be at play – possibly a CNN for image

cleanup or an ML model to classify text regions. They certainly use machine learning to differentiate text vs. non-text on

scans. Anecdotally, Acrobat’s OCR sometimes doesn’t OCR certain graphical text or very small text, possibly an algorithmic

decision to avoid garbage output.

For languages like Japanese/Chinese, Acrobat’s OCR is decent but perhaps not as trained as Google’s – still, it

works for basic tasks. It doesn’t support handwriting at all. It’s strictly for printed text.

Use Cases: Acrobat’s OCR is mostly used by office professionals and archivists who want to convert scans

to searchable PDFs. Its focus is less on raw text extraction for data processing (though you can copy-paste

the OCRed text out of Acrobat). The convenience factor is huge – many people have Acrobat and might not

even know they’re using an AI, but behind that “Recognize Text” button lies a complex OCR engine. The

performance is fine for moderate volumes (you wouldn’t OCR 10,000 pages in Acrobat manually – for that

companies use ABBYY or API solutions – but for a 50 page document it’s okay).

Accuracy-wise, modern Acrobat OCR is quite good; on clear documents it’s in the high 90s%. On tricky things

(colored backgrounds, slight skew), it may falter a bit, but they have improved that over time (likely through

better image preprocessing and training on diverse data). A user in a forum comparing Apple’s Live Text to

Acrobat noted that Live Text outdid Acrobat on some difficult cases [124] discourse.devontechnologies.com,

implying there’s room for improvement (Apple’s model being very new and possibly transformer-based, vs

Acrobat’s relatively older model).

Adobe likely is continuously updating the OCR in Acrobat as AI evolves (quietly through their updates). But

because they don’t publicly detail it, it’s analyzed mostly empirically by users. Nonetheless, Acrobat OCR

remains a very widely used solution and represents a commercial OCR that’s integrated into a larger product

(PDF management) rather than a standalone OCR API. Its inclusion here shows that even end-user software

has adopted state-of-the-art OCR techniques to provide seamless functionality.

Mobile and Real-Time OCR Solutions

OCR has also moved into real-time applications on mobile devices – for example, pointing your phone camera

at text and instantly extracting it or translating it. These use optimized OCR models that prioritize speed and low

memory. Two prominent examples are Google ML Kit’s on-device OCR and Apple’s Live Text in iOS. Both are

not user-facing “engines” one buys, but built-in features powered by advanced OCR models.
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Google ML Kit (On-Device OCR): Google’s ML Kit provides an OCR API for Android/iOS that runs on the device (no internet

needed). It is essentially a distilled version of their Cloud OCR model, optimized for mobile (smaller neural network, perhaps

quantized). It supports a subset of languages (at least Latin, Devanagari, Japanese, Chinese, Korean). The architecture likely

uses a CNN for text detection (possibly a tiny version of EAST or CTPN) and a lightweight CRNN for recognition. The

emphasis is on speed – it can do real-time text detection at around 30 FPS on a modern phone for moderate resolutions.

This enables features like Google Translate’s instant camera translate, which uses ML Kit OCR to read text in the

viewfinder live. The trade-off is that ML Kit’s accuracy is a bit lower than the Cloud Vision (smaller model, less context). For

example, it might misread some characters that the cloud would get right, and it might struggle more with curved text. But

it’s very impressive for an offline model; many devs integrate it for scanning QR codes, texts, etc., in apps. ML Kit’s OCR

model is likely around a few megabytes in size (some users have extracted .tflite files from it). It might use 8-bit quantization

to speed up inference on mobile DSPs.

Apple Live Text: Introduced in iOS 15, Live Text lets users select text in images or through the camera across the OS.

Apple’s approach was to integrate this into the Vision framework (VNRecognizeTextRequest). Under the hood, Apple’s OCR

model is highly optimized for their chips (ANE, Neural Engine). Apple hasn’t published specifics, but comments from WWDC

and users imply it’s a deep-learning model, likely a Detector + Transformer-based recognizer, given its accuracy. Live

Text supports 7 languages (English, Chinese, French, Italian, German, Spanish, Portuguese) initially, which Apple

explicitly mentioned. They presumably chose a model size that could run smoothly on device while covering those major

languages. Live Text has been praised for accuracy – some even say it’s “better than ABBYY on basic OCR” [122]

discourse.devontechnologies.com and it “was flawless nearly all the time” in cases where ABBYY, Adobe, Tesseract had

trouble [124] discourse.devontechnologies.com. That’s high praise, suggesting Apple really fine-tuned this model. It likely

uses something like a Vision Transformer or an attention network – Apple has a history of using extremely quantized neural

nets (like 4-bit) for efficiency, but for Live Text the quality suggests they kept it fairly powerful. The fact it’s limited to a few

languages suggests they trained specialized models for each (or a multilingual for those seven). Live Text works on device

with no internet, as confirmed by Apple [125] discourse.devontechnologies.com. It can even handle neat handwriting in

some cases (one user got 99.9% accuracy on a cookbook written in immaculate cursive) [126]

discourse.devontechnologies.com, which is astounding for an on-device tool. Perhaps Apple’s model includes some

handwriting training for those languages.

In terms of segmentation, Live Text can detect text blocks even in non-trivial layouts. It’s mostly geared toward

continuous text in photos (it might not correctly order multi-column text because its main use is grabbing bits of

text from scenes). But for a single column or sign, it’s great. Apple’s implementation is deeply integrated – e.g.,

it won’t expose an API to get detailed bounding boxes for each character (though you can get line boxes

through Vision). It’s focused on user interaction (copying text, tapping phone numbers, etc.).

Other Mobile Solutions: There are also specialized SDKs like Anyline or Scandit which focus on things like

scanning IDs, license plates, etc. They use OCR under the hood with custom trained networks for those

tasks (often using a combination of classical methods and deep learning). For example, an MRZ scanner

(passport) is an OCR tuned to the monospaced font and format – these can be extremely fast and accurate

because of the constrained domain. Many of these run on device as well.

Open-source, we have PaddleOCR’s mobile (PP-OCR Lite) which we mentioned – that can run on a phone with

about ~17 MB of models and achieve real-time speeds for moderate image sizes [29] research.baidu.com. So even

open-source is addressing mobile OCR.

Real-time AR translation is a cool modality: it requires OCR that’s not only accurate but quick and can handle

perspective changes on the fly. Google and Apple both demonstrate this now (Google in Translate app, Apple

via Live Text + Translate). The tech is essentially doing text detection continuously (like 15-20 times per

second), tracking regions, and re-recognizing if needed. Efficiency hacks (like tracking to avoid re-OCRing the

same text when camera moves slightly) are used.

These mobile OCR examples highlight that state-of-the-art OCR isn’t confined to servers; with model

compression and hardware acceleration, we can achieve near state-of-the-art accuracy on a phone in realtime.

The user community feedback indicates these on-device solutions are extremely competitive with traditional

OCR engines [122] discourse.devontechnologies.com [124] discourse.devontechnologies.com. In fact, they often have
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the advantage of being context-aware (e.g., phone numbers, dates are recognized and actionable), which

implies some post-processing to classify the text (not an LLM, but regex or small classification model).

Performance Benchmarks and Comparative Insights

To put the above into perspective, it’s worth noting some comparative results and advancements from recent

years:

Printed Text OCR Accuracy: For clean printed documents, the top OCR engines (ABBYY, Google, Microsoft, open-source

like PaddleOCR or DocTR) all achieve very high accuracy, often >99% character recognition rate on common fonts.

Differences emerge with more challenging content. For example, on a 2019 OCR benchmark for European languages, ABBYY

FineReader 15 had a slight edge in multi-column layout retention, while Tesseract (open-source) lagged behind in accuracy

especially on degraded images [120] milvus.io. By 2023, however, research by the open-source community has closed much

of that gap. PaddleOCR’s latest models claim 11% improvement in precision on English over its earlier version [23]

research.baidu.com, putting it in the league of commercial engines. A ScienceDirect study in 2021 noted that deep CNN–

LSTM models outperform previous models across languages [127] poshan0126.medium.com, which is evidenced by the

replacement of older OCR engines by these new ones.

Historical Documents: On historical printed texts (e.g., 19th century newspapers, books with Gothic fonts), specialized

solutions like Calamari (ensemble LSTMs) and Kraken (trained models) have achieved record low error rates – sub-1% CER

in some cases [110] arxiv.org. In contrast, off-the-shelf engines without specific training had higher error (Tesseract or older

ABBYY might get 5-10% errors on hard Fraktur, whereas Calamari ensemble <1% [110] arxiv.org). This underscores the
importance of domain-trained models.

Handwriting Recognition: This remains a tough domain. Microsoft’s TrOCR and Google’s handwriting models have

significantly improved machine handwriting reading. On the IAM English handwriting dataset, TrOCR reported ~2.9% CER
[115] arxiv.org, which is approaching human-level for that task. Traditional HTR models (LSTMs with MDLSTM) were around

5% CER a few years ago. So a ~40% reduction in errors due to Transformers is a notable advancement. In practice, services

like Azure’s handwriting OCR or Google’s can now read neat cursive with fairly good accuracy, something that was nearly

impossible a decade ago. There’s still a gap for very messy or stylized handwriting – those might need human review or

more training data.

Scene Text (Natural Images): Benchmarks like ICDAR 2015 “incidental text” or Total-Text (curved text) have seen accuracy

boosts from new algorithms. OpenCV’s legacy scene OCR (EAST+CRNN) might get ~70% accuracy on a dataset, whereas

newer models (like Vision Transformer or PARSeq) push above 85-90%. For instance, the PARSeq model (available in

DocTR) reaches around 95% accuracy on standard scene text benchmarks [82] mindee.github.io [89] mindee.github.io,
which is extremely high. It’s likely on par with or better than Google’s OCR in those scenarios.

Speed and Efficiency: The evolution of lightweight OCR models means that today you can run OCR on a smartphone offline

at impressive speeds. PaddleOCR’s PP-OCR Lite can run ~20 fps for 720p images on a mobile CPU (as per Baidu’s claims

after optimizations) – enabling smooth AR applications. Apple Live Text works in camera view at probably around 15 fps on

an iPhone (subjectively, it feels real-time). On server, using GPUs, an OCR pipeline can process dozens of pages per

second. Efficiency techniques like batch processing and quantization are widely used. For example, the SVTR model in PP-

OCRv3 had to be optimized because the initial Transformer was 11× slower than the LSTM on CPU [97] research.baidu.com;
after introducing a light version (SVTR_LCNet) and tricks like knowledge distillation, they likely closed that gap such that the

accuracy gain did not come with unacceptable latency [28] research.baidu.com [21] research.baidu.com.
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Comparative Studies: A medium article in 2025 compared 8 OCR frameworks (Tesseract, EasyOCR, DocTR, PaddleOCR,

MMOCR, Keras-OCR, TrOCR, etc.) and summarized that each has its niche [128] adityamangal98.medium.com. Tesseract,

while old, was noted for legacy documents and simplicity, but lacking layout or handwriting support [129]

adityamangal98.medium.com. EasyOCR got credit for being easy and fast with decent handwriting support, but not layout

aware [130] adityamangal98.medium.com [33] adityamangal98.medium.com. DocTR was praised for end-to-end

structured understanding (Transformer-based) but was slower and memory-heavy [94] adityamangal98.medium.com [99]

adityamangal98.medium.com. PaddleOCR was highlighted as extremely accurate and fast, with mobile models and broad

language coverage – a true production-grade tool (learning curve being the only con) [131] adityamangal98.medium.com
[132] adityamangal98.medium.com. MMOCR was seen as a researcher’s toolbox with state-of-the-art models, but more

complex to use [58] adityamangal98.medium.com [73] adityamangal98.medium.com. TrOCR was described as a high-

accuracy model especially for printed/handwritten English, albeit slower [133] adityamangal98.medium.com. This kind of

comparison shows that no single tool fits all needs – you choose based on whether you need layout, speed, multi-

language, etc.

Trend of Integration with Language Models: Although our focus is non-LLM, it’s worth noting a recent trend: some OCR

systems have begun to incorporate language models in post-processing to improve results (for instance, ABINet uses an

auxiliary language model to refine the recognized text, effectively catching mistakes by context). These are not “large

language models” in the GPT sense, but smaller domain-specific ones. The result is often a minor boost in accuracy for

things like confusing character sequences. However, they must be used carefully (to not hallucinate text that isn’t there). For

example, an LLM-based post-correction might fix “Teh” to “The”, which is good, but could also incorrectly “correct” a

person’s name to something else, which is bad. That’s why most production OCR still relies on character-level models and

dictionary checks rather than generative LLM correction – consistency and faithfulness to input are paramount in OCR

output.

In conclusion, the state-of-the-art in OCR circa 2025 is characterized by: widespread use of deep CNNs and

Transformers for recognition, unified approaches that handle multiple scripts, and a focus on both accuracy and

efficiency. Open-source solutions have blossomed, matching or even exceeding proprietary ones in some

respects (especially due to rapid research integration). Commercial solutions continue to add value with

superior layout handling, user-friendly integration, and specialized tuning (like form recognition). For different

modalities, we have specialized tools – from ensembles for historical print, to transformers for handwriting, to

compact models for real-time mobile OCR. The field has progressed to the point that machines can read text

in almost any scenario we can throw at them: be it a 15th century manuscript or a street sign captured at an

angle – given the right model and training, OCR technology can extract it with remarkable fidelity. And

importantly, all this is achieved with architectures and algorithms focused on the vision-text task, without

reliance on massive general-purpose language models (which, while powerful for understanding text, are not yet

a core component of OCR pipelines due to their tendency to introduce errors alien to the image content).

Instead, the cutting-edge OCR systems combine vision expertise with just enough language modeling to get the

job done, as we’ve explored throughout this report.

References: The information in this report was compiled from a range of sources, including technical

documentation, research papers, and authoritative benchmarks for OCR. Key references include the PaddleOCR

Technical Report [20] research.baidu.com [21] research.baidu.com, analysis by open-source contributors comparing

OCR engines [131] adityamangal98.medium.com [132] adityamangal98.medium.com, research on historical OCR

accuracy [34] arxiv.org, as well as first-hand documentation from projects like Tesseract [3] nanonets.com [7]

nanonets.com and EasyOCR [37] github.com [38] github.com. These and other cited sources provide deeper

technical details and empirical results for the interested reader. The rapid advancements in OCR mean that new

results are always emerging, but the snapshot provided here captures the state-of-the-art as of 2025,

highlighting both the breadth and depth of modern OCR technology.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US

market in custom AI software development and pharma implementations with proven results across public

biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and

ERP systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,

automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field

force applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and

automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom

data visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and

implementation guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no

representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or

availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives

be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or

damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated

content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information

before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of

their respective owners. All company, product, and service names used in this document are for identification purposes

only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and

biotech companies. As the premier US-based AI software development company for drug development and

commercialization, we deliver cutting-edge custom AI applications, private LLM infrastructure, document processing

systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI

expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San

Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,

please consult with appropriate qualified professionals.
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