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Night Vision Fundamentals

Night vision technology amplifies available ambient light — moonlight, starlight, and atmospheric glow — into a visible image,
enabling users to see in low-light or near-dark conditions. It has transformed military, law enforcement, search and rescue,

and hunting operations since World War 1.

At the core of every NVD is an image intensifier tube (lIT):

1. Light collection: An objective lens gathers photons and focuses them onto the tube.
2. Photocathode: Photons strike a photocathode, releasing electrons. Gen 3 uses gallium arsenide (GaAs).
3. MCP multiplication: Electrons enter a microchannel plate and multiply thousands of times.
4. Phosphor screen: Amplified electrons produce the areen (P43) or white (P45) imaae.
Key Fact: Modern Gen 3 tubes amplify light over 50,000, enabling vision under overcast starlight (~0.001 lux).



Device Types & Configurations

NODs (Night Optical Devices) encompasses all low-light equipment. NVGs (Night Vision Goggles) refers specifically to
head-mounted, hands-free devices.

Monocular: Single-tube (e.g., PVS-14). Lightweight. Most common entry point.
Binocular: Two tubes for stereoscopic depth. Fixed-bridge or articulating designs.
Biocular: Single tube, dual eyepieces. No true stereo depth perception.

Panoramic (Quad): Four tubes, ~97° FOV. SOF use. Heaviest option.

Fixed-bridge: Rigid, durable alignment. Articulating: Pods rotate up, auto-shutoff. Panning: Switch between ~40° and ~65°
FOV.

Green (P43): Traditional — eye most sensitive to green. White (P45): Grayscale with improved contrast and less eye fatigue.



Mounting & Power Systems

e Shroud: Plate mounted to helmet — the anchor point.
* Mount / Arm: Bridge between shroud and NVG. Allows flip-up and adjustment.
* J-Arm: Bracket connecting a monocular for L/R eye positioning.

Helmets: Ballistic (projectile rated) or Bump (impact only, lighter).

¢ AA: Common in monoculars. Widely available.
* CR123A: Higher energy density. Long shelf life, cold-weather reliable.
e External packs: Move weiaht to rear of helmet. Fischer/LEMO connectors.
Tip: Always remove batteries when not in use. Leaking batteries are the most common source of preventable NVG damage.



Accessories & Add-Ons

Project invisible infrared light to supplement ambient light in extremely dark conditions. Essential in zero-light environments.
Note: IR is visible to other NVG users.

Sacrificial lenses placed over the objective to prevent fogging from humidity and temperature differentials.
Protective lenses shielding the objective from scratches and debris without affecting image quality.

Prevent specific laser wavelengths from entering and damaging the image intensifier tube. Critical for operations involving IR
lasers.

Mounted on the rear of the helmet to offset forward NVG weight, reducing neck fatigue and improving balance during
extended use.



Night Vision Generations

Photocathode S-20 Multi-alkali

MCP None Introduced lon barrier
Amplification ~1,000x ~20,000x 30-50k+x
Range ~75 yds ~200 yds 300+ yds
Tube Life ~1,500 hrs ~5,000 hrs 10,000+ hrs
IR Needed Yes Helpful Passive

Earliest commercial tech. ~1,000x amplification, requires IR, edge distortion, ~1,500 hr life. Affordable entry-level.

Introduced the MCP. Double the range, much better SNR, ~5,000 hr life. Excellent performance-to-cost ratio.



Generation 3 & Beyond

Current U.S. military standard. GaAs photocathode for superior sensitivity and ion-barrier film extending tube life to
10,000+ hours. Military procures through “Omnibus” (OMNI) contracts. Current OMNI VIII: FOM >1,600.

Filmed (Elbit): lon-barrier for durability, slightly reduced transmission. Filmless (L3Harris): Barrier removed for improved
clarity. Thin-film: Modern compromise.

Rapidly switches photocathode voltage to manage sudden bright light. Protects the tube. Essential for weapon-mounted use.

Manufacturers: Gen 3 tubes: L3Harris and Elbit Systems of America (U.S.). European Photonis produces Gen 2+ “4G” tubes
competing in many applications.



Understanding Tube Specifications

Every IIT is individually tested. The spec sheet documents that tube’s performance. No two are identical.

Center resolution (Ip/mm) x SNR. A single-number benchmark.

FOM Range Performance Level

1,536-1,700 Good — recreational, hunting
1,700-1,999 Very good — tactical, LE
2,000-2,300 Excellent — new mil-spec
2,300+ Premium — aviation, SOF

Important: FOM alone is insufficient. Two tubes with identical FOM can perform very differently — it doesn’t capture EBI, halo,
sensitivity, or cosmetics.

The single best indicator of real-world performance. Higher = cleaner image. Mil-spec min: 25. Excellent: 30+. Elite: 33+.
Prioritize SNR over raw FOM.



Key Specifications
Ability to distinguish fine detail. Mil-spec min: 64 Ip/mm. The jump from 64 - 72 is noticeable; above 72, diminishing returns.

Background glow with no light input. Lower is better. Rises with temperature. Determines darkest usable conditions.

Photon-to-electron efficiency. Measured in pA/Im. OMNI VIII min: 1,800. Above 2,000 is very good. Match within £100 for
dual-tube builds.

Bright rings around point light sources. Measured in mm. Mil-spec max: 1.0 mm. Premium: 0.75-0.90 mm. Problematic in
urban environments.

Light amplification magnitude. Mil-spec Gen 3: 25,000-110,000. Manual gain control lets users adjust for conditions.



Additional Specifications

Spots: Small black points from manufacturing (burns, debris, broken fibers). Normal — governed by spot spec sheets.
Blems: Defects from physical damage. Emission points: Steady bright pinpoints — minor ones visible only in darkness are
generally acceptable.

FOM Resolution x SNR 1,600+

SNR Image clarity in low light 25+ (30+ pref)
Resolution Fine detail sharpness 64+ Ip/mm
EBI Background noise Lower = better
Sensitivity Light conversion 1,800+ pA/Im
Halo Rings around lights <1.0 mm

Gain Amplification power 25k-110k

Priority Order: Evaluate: SNR first, then resolution, then EBI (extreme darkness), then halo (urban). FOM is a starting filter, not
the whole picture.

L3Harris: Unfilmed tubes, superior transmission. Elbit: Filmed tubes, excellent durability. Photonis: Gen 2+ / 4G,
competitive with Gen 3.



12 vs. Digital Night Vision

Low-Light Superior Good with IR
Image Lag None (photonic) Present

Bright Light Damages tubes Resistant

Cost $2,500-$12,000+ $100-$2,000
Recording Requires adapter Often built-in
Tube Life 10,000+ hrs No degradation
Maintenance Professional Minimal
Daytime Prohibited Safe

12 converts photons - electrons — photons with zero lag. Digital uses CMOS/CCD sensors — slight latency but bright-light
resistant with recording capability.
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Choosing I?2 vs. Digital

Image intensification is the gold standard for professional/tactical use where zero latency and extreme low-light performance
are non-negotiable. Military, LE, and tactical users choose I2 for real-time vision critical to navigation and dynamic movement.

Digital excels in cost, versatility, and ease of use. For hunters, wildlife observation, property security, and recreation —
capable performance at a fraction of the cost with built-in recording and safe daytime operation.

Critical — Latency: 12 produces real-time images with zero delay. Digital introduces processing lag that significantly affects
situational awareness during rapid movement.

¢ HUD overlays: Compass, GPS, altitude, team position data.

* Thermal fusion: Thermal sensor data blended with the 12 image.
¢ Augmented reality: Waypoints, threat markers, mission data.

* Wireless connectivity: Shared imaaerv between team members.

Bottom Line: I2 for professional/tactical. Digital for budget-friendly civilian use. Hybrid represents the future — combining the best
of both.
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Thermal Imaging vs. Night Vision

Thermal detects infrared radiation (heat) in the 7.5-13.5 um range, creating a temperature map. Works in complete darkness,
through smoke, fog, and vegetation.

Primary Role Recognition Detection
Works In Low light Any condition
Through Fog Limited Yes

Image Type Scene Heat map

ID Faces Excellent Limited
Through Glass Yes No
Camouflage Difficult Excellent
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Using Thermal & NV Together

Thermal = detection (finding heat signatures). NV = recognition (identifying what it is, navigating, reading signage).

Advanced systems overlay thermal data onto the 12 image. Modes: outline, blended, and picture-in-picture.
Foot navigation, driving, facial recognition, reading maps/signs, clearing structures.

Detecting at distance, through fog/smoke, camouflaged targets, search and rescue, perimeter security.

Pro Tip: Use NV for navigation with thermal for scanning. They are force multipliers — one does not replace the other.

* Movement/navigation: Night vision. Thermal alone is insufficient for walking or driving.
¢ Detection/scanning: Thermal. Unmatched for finding living targets.
e All-around: NV with IR illuminator is the most versatile single-device solution.

Clip-on: Mounts in front of NVGs or weapon optics. Handheld monocular: Lightweight scanning tool. Weapon-mounted:
Thermal scopes for engagement. Helmet-integrated fusion: Combined I2 + thermal in one housing.
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Maintenance & Care

* Always use a dedicated case when not in use.

e Cool, dry, dark environment — avoid extreme temps.
* Remove batteries — prevents corrosion from leaks.

e Attach all lens caps — protect both lenses.

e Power off completely before storing.

e Use only soft, lint-free microfiber cloths.

¢ Remove particles first with compressed air.

* Apply cleaning solution to cloth — never on lens.

* Gentle circular motions, center to edge.

* Never use paper towels, abrasives, or household cleaners.

#1 Rule: Never expose an active IIT to bright light. This causes temporary or permanent burn-in. Never point powered-on NVGs at
the sun, headlights, or flashlights.

e Don't leave devices powered on when not in use.

* Use sacrificial/demist shields on objectives.

¢ Handle with clean hands — oils degrade coatings.

e Secure helmet mounting — drops cause recoil damage.
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Professional Service

Replaces internal atmosphere with dry nitrogen, removing moisture and contaminants. Perform at least annually. Professional
purging recommended.

¢ Fuzzy, distorted, or flickering images

* New dark spots or bright spots that persist

* Physical damage to housing or optics

e Battery compartment corrosion

* Annual inspection and preventive maintenance

Post-Use Routine: Power off — lens caps — remove batteries — wipe lenses & body — case — cool, dry, dark storage. Two
minutes. Prevents most damage.
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Training & Effective Use

* Read the manual — controls, diopter, gain, batteries.

¢ Set diopter — match eyepiece focus to your vision.

e Adjust IPD — align binocular eyepieces with your pupils.
e Practice in familiar, safe environments first.

¢ Depth perception: Even dual-tube alters depth. Practice distances.
* Reduced FOV: ~40° vs. 120°+ natural. Scan with head movement.
* Head scanning: Replace peripheral vision with active patterns.

* No color: ID by shape, texture, and contrast.

Start slowly. “Scanning walk” — look ahead, scan down for footing, look up. Build speed gradually.

* Eliminate all white light — tape LEDs, use red/IR only.
¢ Never look at bright sources with NVGs active.

e |f exposed, close one eye to preserve night adaptation.
* Power off and flip up before entering lit spaces.

16



Operational Proficiency

Requires specific training. Reduced FOV makes speed judgment difficult. Oncoming headlights trigger auto-gating. Practice
at low speeds in controlled environments.

Requires IR aiming devices (lasers or illuminators). Passive aiming is possible but less effective. Seek professional live-fire
NVG training first.

¢ IR s invisible to naked eye but visible to other NVG users.
¢ Use minimum power necessary.

* Best in enclosed spaces, vegetation, or zero light.

* Excessive IR = you become a beacon.

Seek professional instruction from experienced trainers. Many NVG dealers partner with training organizations for hands-on
courses covering operations, movement, live-fire, driving, and team tactics.

The 80/20 Rule: 80% of NVG capability comes from training, not tube specs. A trained operator with 1,600 FOM outperforms an
untrained user with 2,400 FOM every time.
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Common Myths & Misconceptions

Reality: FOM is just resolution x SNR. A tube with high resolution but low SNR can have an impressive FOM yet produce a
grainy, noisy image. Two tubes with identical FOM can look dramatically different. Always examine the individual specs —
especially SNR.

Reality: High-end Gen 2+ tubes (like Photonis 4G) can rival Gen 3 in many real-world conditions, particularly in environments
with some ambient light. Gen 3 excels in extreme darkness, but the gap has narrowed significantly.

Reality: Diminishing returns are real. The difference between a $3,000 and $5,000 tube is far smaller than the difference
between a $3,000 tube and no tube at all. A mid-spec tube with proper training will outperform a top-spec tube in untrained
hands every time.

Reality: Image intensification requires some ambient light. In truly zero-light conditions (deep caves, sealed rooms), you need
an IR illuminator to provide light for the tube to amplify.
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More Myths Debunked

Reality: White phosphor (P45) offers a more natural grayscale image and can reduce eye fatigue, but green phosphor (P43)
allows the human eye to detect more shading variation. Neither is objectively superior — it's a matter of preference and use
case.

Reality: Excessive gain actually degrades image quality by amplifying noise along with the signal. Auto-gating and manual
gain control exist precisely because optimal gain varies by lighting condition. The best image comes from the right gain, not
maximum gain.

Reality: Spec sheets don’t capture optical quality, housing ergonomics, mount stability, battery life, or field durability. Two
identically-specced systems from different manufacturers can feel completely different in use. Hands-on evaluation matters.

Reality: NVGs are precision electro-optical instruments. A single drop can cause recoil damage to the tube internals. Bright
light exposure causes burn-in. Battery leaks cause corrosion. They require careful handling and regular maintenance just like
any other high-value precision optic.

The Best Advice: Buy the best tube you can afford, understand its specifications, invest in proper training, and maintain your
equipment diligently. No single spec, feature, or brand makes or breaks your night vision capability — the complete system and
the operator behind it matter most.

19



Troubleshooting Guide

Use this quick reference when you encounter issues. Determine if the symptom is normal, user-fixable, or requires

professional service.

Symptom

Image is dark or dim
Grainy / noisy image
Bright spots (fixed)
Black spots in image
Image flickers/pulses
Edge distortion/glow
Won't power on

Bright wash

Low battery, gain too low, dirty lens Replace battery, adjust gain, clean lens
Very low light, or unregulated tube above malgmilR illuminator. If tube lacks gain regulation, seek service
Emission points in tube Minor = normal. If large or new, seek service

Mfg spots, blems, or debris between lenses Check spot spec. New spots or debris = seek service

Auto-gating activating Normal near bright lights. If constant, seek service
Optical design or tube defect Some is normal. If worsening, seek service

Dead battery, corrosion, connection Try fresh battery. Check contacts for corrosion
Bright light / blooming Move from light source. If persistent = burn-in
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Troubleshooting Continued

Sylﬂpto’“ leely o

Foggy / hazy image Internal moisture / condensation Nitrogen purge needed. Seek service

One tube brighter Mismatched tubes or failing tube Some mismatch normal. Worsening = service

High-pitched whine Auto-gating electronics or failing power suppliyaint = normal. Loud/worsening = dying power supply, seek service
Battery drains fast Old batteries, cold weather, tube issue Use fresh lithium. If persists, seek service

Scintillation increasing Tube aging or low-light Normal in darkness. Worsening in good light = service

* Any new bright or dark spots not present before

* Image quality has noticeably degraded over time

¢ Physical damage to housing, lens, or mount interface
e Battery compartment shows corrosion

¢ Persistent flickering, dimming, or instability

* Internal fogging that does not clear
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Normal vs. When to Worry

Not every visual artifact means your NVG needs service. Use this reference to tell the difference.

e Scintillation — faint sparkling, especially in low light. All MCP tubes do this.

¢ Minor black spots — small manufacturing spots within spec are cosmetic only.
* Slight edge distortion — inherent to the optics. Does not affect center image.
e Faint hum or whine — auto-gating electronics operating normally.

e Brightness shifts — auto brightness control adjusting to conditions.

* Dim emission points — tiny pinpoints visible only in total darkness.

¢ New spots that weren'’t there before — possible damage or contamination.
e Growing bright areas — may indicate tube degradation or burn-in.

¢ Image shaking — loose mount, housing damage, or component failure.

e Persistent fog — seal failure allowing moisture ingress.

* Loud or worsening whine — potential power supply failure.

e Erratic flickerina — electrical issue bevond normal auto-aatina.

Never attempt internal repairs yourself. IIT components are delicate, may contain hazardous materials, and require specialized
equipment. Always use a qualified technician.
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CHAPTER 11

Glossary of Terms

Articulating Housing
Dual-tube housing with independently rotatable pods. Auto-shutoff ~75°.

Auto-Gating (AG)

Rapidly switches photocathode voltage to manage bright light and protect the tube.

ABC
Automatic Brightness Control — reduces MCP voltage to keep brightness optimal.

Binocular
Dual-tube NVG providing stereoscopic depth perception.

Biocular
Single tube, dual eyepieces. No true stereo depth.

Blem (Blemish)
Cosmetic defect from physical damage — distinct from manufacturing spots.

Blooming
Temporary flare/washout when bright light enters the FOV.

BSP
Bright-Source Protection — reduces photocathode voltage under bright light.

Burn-In
Phosphor/photocathode damage from bright light. Temporary or permanent.

CR123A
3V lithium battery common in binocular housings.

Demist Shield
Sacrificial lens preventing fogging and protecting the objective.

Diopter
Eyepiece focus adjustment for individual vision (+2 to -6).

Distortion
Image warping from optics or fiber-optic flaws. Some edge distortion is normal.

EBI

Equivalent Background lllumination — tube noise with no light. Lower = better. Rises with temperature.
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CHAPTER 11 — CONTINUED

Glossary of Terms

Edge Glow
Bright area in outer FOV. Excessive edge glow is a defect.

Emission Point
Steady bright pinpoint. Minor ones in darkness are acceptable.

Filmed Tube
Gen 3 with ion-barrier film for extended life. Primarily Elbit.

Filmless Tube
Gen 3 with barrier removed for improved transmission. Primarily L3Harris.

FOM
Figure of Merit — resolution x SNR. Mil-spec min: 1,600.

FOV

Field of View. Standard: ~40°. Panoramic: ~65-97°.
Gain

Light amplification magnitude. Mil-spec Gen 3: 25k—110k.

GaAs
Gallium Arsenide — Gen 3 photocathode material.

Green Phosphor (P43)
Traditional green NV image. Eye most sensitive to green.

Halo
Rings around point light sources. Mil-spec max: 1.0 mm.

nT
Image Intensifier Tube — photocathode + MCP + phosphor screen.

lon-Barrier Film
Thin film on Gen 3 MCPs preventing ion damage, extending life.

IPD
Interpupillary Distance — adjust binocular eyepieces to your pupils.
IR (Infrared)

Radiation beyond visible light. Near-IR for NVGs; thermal IR for thermal.



CHAPTER 11 — CONTINUED

Glossary of Terms

IR llluminator
Projects invisible IR light. Visible to other NVG users.

ITAR
International Traffic in Arms Regulations — U.S. NVG export controls.

J-Arm
Bracket connecting monocular to helmet mount for L/R eye positioning.

Ip/mm
Line pairs per millimeter — resolution unit. Mil-spec: 64+.

Lux
llluminance unit. Full moon: ~0.25. Overcast starlight: ~0.001.

Manual Gain
User-adjustable tube brightness — like a dimmer switch.

MCP

Microchannel Plate — disc with millions of channels that multiply electrons.
Mil-Spec

Military specification — minimum tube standards (OMNI VIII).

NIR

Near-Infrared (0.7-1.3 pm) — what IITs detect and amplify.

Nitrogen Purge
Flushing NVG internals with dry nitrogen. Annually minimum.

NODs
Night Optical Devices — broad term for all low-light equipment.

NVGs
Night Vision Goggles — head-mounted, hands-free devices.

Objective Lens
Front lens gathering light, focusing it onto the photocathode.

OMNI
Omnibus — multi-year U.S. military NVG procurement contracts.
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CHAPTER 11 — CONTINUED

Glossary of Terms

Panning Housing
Binocular housing switching between ~40° and ~65° FOV.

Photocathode
Light-sensitive IIT input. Absorbs photons, releases electrons.

Photocathode Sensitivity
Photon-to-electron efficiency. Min: 1,800 pA/Im.

Phosphor Screen
Output surface converting electrons back into visible light.

PRNU
Photo Response Non-Uniformity — brightness variation across photocathode.

PVS-14
AN/PVS-14 — world’s most widely used NVD.

Scintillation
Random sparkling in the image. Normal MCP characteristic.

Shroud
Helmet plate anchoring the NVG mount system.

SNR
Signal-to-Noise Ratio — best single indicator of tube quality. Min: 25. Premium: 30+.

Spec Sheet
Individual data document listing all measured tube specifications.

Spot (Black Spot)
Manufacturing blemish from burns/debris. Governed by spot spec allowances.

Thermal Imaging

Detects IR radiation (heat) 7.5-13.5 um. Works in total darkness.

Thin-Film

Gen 3 tube with very thin ion barrier — compromise between filmed and filmless.

White Phosphor (P45)
Grayscale/B&W; image. Improved contrast, reduced eye fatigue.
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Glossary of Terms

Microamperes per lumen — photocathode sensitivity unit.
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© 2025 Low Light Innovations LLC. All rights reserved.

This booklet is provided for educational and informational purposes only. It does not constitute professional, legal, or technical advice. Always
consult your device manufacturer’'s documentation for specific product guidance.

This publication contains only general educational information about commercially available night vision technology. No ITAR-controlled
technical data is contained herein.

No part of this publication may be reproduced, distributed, or transmitted without the prior written permission of Low Light Innovations LLC.

All product names, logos, and trademarks referenced herein are the property of their respective owners.
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