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Abstract

Achieving precise imaging with medical-grade HDR (High Dynamic Range) cameras,
particularly for viewing wounds and abrasions, requires a harmony between technical
principles such as contrast adjustment, white balance, color correction, gamma
correction, and autofocus sharpness. This paper explores the physics and sensor-related
behaviors critical to achieving these imaging parameters, focusing on the performance of
the Sony IMX258, IMX929, IMX928 and IMX411 HDR sensors (all using BSI technology
and | will address sensor technology in another white paper). Furthermore, | propose
optimal settings for LED color temperature and brightness intensity in ambient lighting
scenarios within medical settings like doctor offices or suites. Comparisons are made to
imaging principles in industry-leading HDR digital cameras, such as those produced by
Canon® and Nikon®, for reference only.

1. Introduction

Medical-grade HDR cameras are integral to modern healthcare, particularly in
applications like wound assessment, dermal inspections, and digital image archiving for
clinical workflows. Accurate imaging involves a combination of technologies working
seamlessly across the camera's hardware and firmware. Ensuring medical professionals
receive optimally sharp and color-accurate images requires precise tuning of imaging
features such as white balance, contrast control, color correction, gamma profiles, and
autofocus technologies. Sony HDR sensors, with their renowned dynamic range and
sensitivity, are ideal for medical applications due to their capacity to capture nuanced
details in varied lighting conditions. When paired with appropriate LED illumination and
fine-tuned internal adjustments, they provide high-precision imaging essential for clinical
use.

2. Technical Principles
2.1 Contrast Adjustment O vie i e\ ioy e b OB
Contrast defines the difference between the
brightest and darkest areas of an image and
determines how well subtle details, such as
textural features or small abrasions, are visible. In
HDR imaging, dynamic tone mapping must be
employed to ensure that the sensor captures and
reproduces fine gradations in tissue texture and
depth without over-saturation or loss of detail in
extreme brightness or shadow.
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2.2 White Balance x
White balance ensures accurate color reproduction by compensating for the color
temperature of the ambient light source. HDR sensors like those manufactured by Sony
use precise algorithms to avoid color casts on biological tissues and wounds. Internal
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calibration should optimize for a neutral white point (e.g., 6500K, daylight equivalent) to
accurately render skin tones and blood vessel coloration under standardized lighting.

2.3 Color Correction

Color correction adjusts the color fidelity to ensure the true-to-life rendering of the wound's
appearance. Sony's sensors integrate advanced color science, supported by 3D LUT
(Lookup Table) profiles for medical imaging-specific standards. Further tuning ensures
realistic replication of hues, particularly for diagnosing bruises, abrasions, and infection-
related discolorations. Comparatively, Canon’s Dual Pixel CMOS sensors and Nikon’s
EXPEED processors also focus on precise color reproduction tailored to real-life
conditions in HDR imaging.

2.4 Gamma Correction
Gamma profiles control mid-tone brightness and are critical for ensuring proper contrast
and luminance ranges in HDR cameras. Gamma correction profiles like Sony’s S-Log or
equivalent curves can be calibrated to maintain visual accuracy in clinical environments,
where uniform lighting and high color fidelity are essential. Gamma should ideally be
configured within a range suitable for visual differentiation of fine details such as infections
or tissue irregularities.

2.5 Autofocus Sharpness
Sharp autofocus coupled with HDR capabilities ensures clarity in capturing both macro
and micro-level details of wounds or abrasions. Sony HDR medical-grade cameras
leverage hybrid autofocus systems (contrast-based and phase-detection) to achieve rapid
and accurate focus. Comparing autofocus technologies, Canon integrates Dual Pixel
Autofocus for precision handling of moving subjects, while Nikon utilizes reliable phase-
detection systems for consistent sharpness in dynamic environments.

3. Optimal LED Characteristics for Ambient Lighting (2026)
For optimal photography conditions in medical suites:

- Recommended Color Temperature: LEDs should
maintain a Color Rendering Index (CRI) of 95 or above
with a target color temperature of 5000K-5500K. This 7o
range provides accurate neutral
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- Brightness Intensity: For clinical imaging, LEDs should p4 - :z“- "} Dayiight white
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- To simulate daylight conditions and account for HDR B
capabilities, diffuse lighting is preferred to prevent harsh a.,g‘;@ AC'uaC'Itfgjgoafd

highlights and shadows on the subject.
Popular camera brands like Canon and Nikon use
neutral daylight LED panels in calibration workflows for
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professional-grade imaging. Applying similar principles ensures that the ambient lighting
conditions align with the capabilities of the Sony HDR sensor in a medical setting.

4. Harmonizing Camera Technologies
Achieving synergy between these elements requires:

1. Sensor Calibration: Regular sensor profiling based on standardized medical imaging
benchmarks, ensuring consistent performance and adaptation for varying clinical needs.
2. Custom Settings: Program specific presets to address different wound types and
lighting setups (e.g., presets for wet vs. dry abrasions).

3.0 Post-Processing: Incorporate color grading and correction algorithms leveraging 3D
LUTs tailored to skin and wound imaging for enhanced clarity while maintaining diagnostic
accuracy.

For comparison:
- Canon’s EOS R series cameras offer advanced HDR tone mapping and autofocus
tracking integration, useful in medical photography.

- Nikon’s Z-series cameras provide real-time color management and customizable
gamma profiles, ensuring medical imaging precision.

5. Conclusion

Implementing the principles outlined in this paper enhances imaging accuracy for HDR
Sony sensor-based medical-grade cameras. By calibrating contrast, white balance, color
correction, gamma profiles, and autofocus technologies in tandem, clinicians can achieve
high-fidelity wound images critical for diagnosis and documentation.

Key Recommendations:
1. LED Setup: 5000K-5500K color temperature, CRI of 95+, brightness between 500-1000
lux for clinical environments.

2. Sensor Adjustments: Optimize dynamic range, tone mapping, and autofocus sharpness
algorithms to ensure clear image capture of wounds.

3. Cross-Industry Comparisons: Incorporate methodologies used by Canon and Nikon to
integrate advanced imaging technologies.

Leveraging these principles guarantees the production of professional-grade medical
imagery while ensuring accurate diagnostics and reliable documentation processes.

To be continued...
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