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Foreword

This document marks the culmination overears of research, testing, field use and evaluation of
miniaturized red dot sight (MRDS) for duty purposes. The original hypothesjsthaasaMRDS isnot
only more efficient than traditional iron sights for the duty handgun, but that the MRDS wouildiepro
distinct advantages not possible with proper iron sight use.

Specifically, MRDS would allow a shorter learning period to proper accuracy for mandated firearms
training and qualificationand allow officers to maintain proficiency easier due to tredemplex
optical methods used to properly aim with MBDS.

Additionally, the MRDS allows the officer to maintain a constant focus on the target, which can
significantly improve threat awareness, help mitigate mistake of fact shootings and aid prenme
round placement over traditional iron sights.

This document is available publicly and may be used for justification, policy and/or research purposes,
so long as it is cited in its entirety without modificatmmediting and credit is given to tloeiginal
author.

Cited documents are property of their respective authors and sources.
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Intent

The critical nature of accuracy isaeell-studiedand often criticizeéspect of law enforcement. The
general standards for officer accuracy htaditionally been driven by policy, mandated qualifications
t hat provide official records of an individual 6

This administrative standard, while important, only speaks to a criterion for record and may not
accuat ely measure an officerbés accurate skildl dur

The core purpose of adlfeo Sdcietghagstrosted @officera withthey 1 s t o
ability to use force and they are expected to be good at it. It falls @paatohent to give their training
cadre, range instructors and individual officers all the tools they need to meet and exceed this trust.

To meet this mandate, departments must be prepared to embrace new technology, properly vetted, and
evaluate its necesgifor their officers. If a new methodology or technology can improve officer
effectiveress and aid in reducing mistag&kfact useof force, then it is imperative that it be made

available to officers.

This document was created to give administratorggganasters and officers the information they need
to make an informed decision on the testing and implementation of MRDS equipped duty handguns.
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Summary

This document lays out the understanding and advantages for adoptioniattirized red dot optics for

law enforcement duty handguns. Establishing that human psychophysiology is not best served with
traditional iron sight method of aiming, the red dot is a superior method of aiming due to the correct
nature of use in whiche officer can remain threat focused instead of having to complete multiple focal
point changes before force can be used.

Furthermore, the adoption of red dot optics can go far to preventing mistake of fact shootings under the
same advantage; the officeamtains a constant focus on the threat, proving focused information on the
threat up to and throughout a use of force. Inrtieghod,an officer wil better be able to detect any

change in the threats actions or inactions that may be missed wittotraditon sight use, therefore

giving a distinct advantage in this area as well.

Specific studies on red dot use in live fire and force on force, showing clear advantages in accuracy and
consistency are presented, withdepth analysis of conditions thatow the red dot optic to succeed so
well over traditional sighting systems.

Law enforcement liability, and how the red dot optic can greatly aid a department in reducing potential
liability in officer involved shootings is explored, pointing to how deds can better address existing
Supreme Court decisions that drive training policies.

Also advantageous under reduced lighting conditions, the red dot is shown to excel over traditional iron
sight methods, aiding an officer to provide more accuracyiteéespnditions that usually reduce officer
accuracy.

Misunderstandings with red dot reliability are addressed and expelled or mitigated with information on
training for the potential failures that do exist.

This white paper is not exhaustivegwever it addresses every foreseen aspect of red dot adoption or
permission for law enforcement duty handguns known at this time. It is clearly shown that the
advantages of red dot optics greatly outweigh the negatives and though a relativedyive
technologywhen compared to traditional iron sights, the red dot can and will greatly reduce the low
averages of law enforcement accuracy in uses of force.
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Technology

Early in 2013, Sage Dynamics began multiple studies and evaluations regarding MeiaRed Dot
Sights(MDRS) for handguns. The red dot optic has already been established as a preferred and
advantageous method of aiming for rifles in the military, law enforcement ardieteifse world,
however the technology as applied to handguns 113 2@as relatively newn a wide scaland viewed
with justified caution.

The technology behind the MRDS is not unlike that found in rifle specific red dot aptight emitting

diode projects through collimating optics to give the shooter a red datgi@m. The technology

used in red dotor small armgyoes back as far as the late Vietnam War for functional use in military
operation$, and over the decades since its introduction has become the preferred method of deliberate
aiming, especially ilose quarter shooting. With continual improvements in materials and circuitry,

red dot sights such as those made by Aimpoint and Trijicon (among others) have incredible battery life
and robust durability.

Theminiaturizedred dot optic is newer, relaely speaking, however the established lineage of using a
red dot optic on a handgun has a long history of its dvrst used in competition shootingthe late

19 7ddsarly 1989 s wi t h o pt i c slatdr@ Mone systenms prex idatstoardgnng

saw increasg popularity inlPSC and USPA&. As with many things, the technology being used in
competitions began to drift into selefense shooting, though it was not until pistol optics became truly
miniaturized that they could be added to adgun without need for complicated holsters or extensive
modification to handguns.

Currently there are dozens of MRDS options on the market and their quality varies greatly from brand to
brand. This papeaddresse common use opticich aghe venerable Trijicon RMR, as well as newer

yet alreagl well proven optics such as the Aimpoint AcrVhen beginning research in 2013, the RMR

was the only reliable option. Today, we have many choices that me&drmisneedsof law

enforcement carry and more options appear each yraprovements imglass clarity, durability, battery

life, features and mounting make the MRDS an increasingly obviousecfimain handgo method

of aiming.

Specific features discussed heresdfire common to manyIRDS, however this list is not exhaustive.

Construction and Features

MRDS point of aim (POA) projected dots are deliverethree methods, each with its own advantages
and disadvantages. These POA come in multiple sizes and varied physicaloiierbodies vary
slightly between LED and adjustable LED models (the inclusion of adjustment buttons in the latter) and

! The Raid Benjamin F. Schemmer, Avon Books (1986)
2 Jerry Barnhart used an Aimpoint Electronic in IPSC competition, circa 187distory of Pistol Mounted Red Dqt&uns

and Ammo Online, Patrick Sweenz 320163
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in solaroptions such as those from Holosun. Also available, though not recommended due to poor low
light performance are dual illuminated tritium/fiber optic models from Trijicon.

Operating System:

1 Battery powered LED
The battery powered LED isreontuser adjustable LED that automatically adjusts to ambient
lighting conditions via a photoreceptor. This method of operation is the earliest technology for
the MRDS Except for the Holosun SCS and some future models;ajtsst only is not
recommended

1 Battery Powered Adjustable LED
The battery powered adjustable LED allows the user to manually adjust brightness, or set in an
automode where LED brightness will be adjusted by a photoreceptor just like thedjustable
LED. Red is the common POA colo

9 Dual lllumination
Dual illumination uses tritium and fiber optics to project a point of aim; under day light or
photopic artificial light, fiber optics is the primary source of POA. In low light, the POA is
projected via channeled tritiurAmber and geen are the offered POA colors.

Reticle

1 Minute of Angle (MOA) dot
By far the most prevalent reticle option, MRDS dots are projected in 1 MOAOA, 3.25
MOA, 4 MOA and 6 MOA. Larger sizes are available, though less prevalent. Some optics, like
many fron Hol osun, al so have a secondary or Asur
to the center dot. These vary in size by model.

Power Source:

1 Battery
Both LED and Adjustable LED are powered by 2032 Lithi/ Manganese Dioxid@ Co i n 0
batteries prodcing 3 volts. The 2032 battery is very common and offered from multiple battery
companiesMore recent optics are also powered with 1632 or 1b2@l power battery/salr is
also increasingly reliable and common.

91 Dual illumination
Fiber optics and Tritium work in concert to project the reticle; this eliminates thdoresed

battery
I ——————
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Housing Materials:

1 Metal
The RMR body is comprised of forged al umi nu

mitigate and redirect shock away from the glass if drop@gtier optics use similar aluminum or
titanium in construction. In extensive testing, it is generally tlekmieiss of the optic shroud, the
shape and the thickness of the lens(es) that affect durability the most.

Lens Material:

1 Tempered glagkigh impact polymer
Lens glass is both tempered and coated to prevent reflelciinses are often aspherical.
Polymer &nses generally result in a less expensive optic, however they are not nearly as durable.

Adjustment:

1 Recessed slot screw M@#oprietary tool slot MOA
Elevation and windage are slot screw adjustable, 1 click pEDA on most optics.
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Equipment Implementation

TheMR D Sdative small size allows for addition to common duty guns, either through attachment to
third party mounts or by adding a milled slot for tpgic body to sit deeper in the frame. The short
length ofmost opticsallows the retention of iron sights as a backup sighting systéra optic fails.

Cost advantages of usindghard-partymount such as the ALG Six Second Mount, Raven Concealment
Baylor or Dueck Defense RBU vary, though they allow a department to mount B MiRhout the
need for permanent modificatioduty gear must also be addressed, specifically holsters.

External Mounts

The ALG Six Second Mount has the advantage of allowing tF
optic to not recoil with the slide, however use precludes the
option for back up irons and limits duty holster options. The £
Second mount is also specific to Glock.

The Raven Concealment Balor attaches via the rear sight dovet:
securing the MRDS to the body of the Balor. Back up irons are |
into the Balor, though sight radius is severely reduced and iron si
choices limited. Duty holster options are limited.

b}
PATENT 4

Dueck Defensebds RBU is sir
Concealment Balor; attachment is made via the rear sight
dovetail and back up iron sights are included in the mouni
body. Duty holster options are limited.
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Other mount choices besides theseaaadlable however external mountan be problematic in many

ways. For LE purposes, the loss of holster options that provide adequate retention levels may eliminate
an external mount as an option. External mounts may also reduce back up sight radaveriathem

from being used at all.

For the purposes of testing an evaluation at the department level, an external mount is a sound choice,
however a purpose milled gun is recommended so that all areas of adaptability, such as holsters, can be
considerd and evaluated concurrently.

Milled Slide

The best option for duty employment of an MRDS is a milled slide. Slide matemakising via a

CNCin order to provide a recessed mounting shoe for the optic body. This optiontp&opsic

closer to the traditional height profile officers are used to with iron sights, and allows the use of back up
irons; however back up irons must be of suppressor hiighgar the optic body. In this configuration,

the officer can use eitheng MRDS reticle or traditional sight alignment/picttweim based on

situation and needs.

T ATS—
il

Recoil lugs/mounting
bosses

Milled optic shoe

ack up iron
sight dovetail

v A =
G|
l

80

Milling requires a department to providehard-party shop with duty gun slides, or purchase completed
slides from third party machine shops. Due to the growing popularity of MRDS handguns in the market,
there are numerous aftermarket options for qualitie work, many have already provided MRDS
milling work for LE agencies.

Milled slides also allow duty guns to be used with purpose designed holstefRE5 handguns from
established duty holster makers such as Safariland.

MINIATURAIZED RED DOT SYSTEMS FOR DUTY
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Overall, the single largestaantage of a milled slide gmplicity of additional needed accessories, and
a purposemachined mounting shoe that provides optislide mounting without additional interface,
parts or materials needed. Thidds greater stability over external moungtatively speaking.

OEM Milled Slides

Some current LE favored manufacturers offer MRDS ready optiO&dM Optics Ready handguns are
varied in design and adaptability. Every popular LE handgun manufacturer currently offers a
proprietary version of a®@EM optics platform. The advantage to an OEM system is total warranty
support from the manufacturer, however many OEM systems are conservative in their design and may
not account for the rigors of LE MRDS use.

Glock Modular Optic System is a factoryagable variant
offered on popular duty models such as the 19, 17 and othel
The MOS can mount multiple MRDS makes with changeable
boss plates. Due to the boss plate, the optic sits higher on t
frame, which may require the use of taller back up irghts
than a directo-slide mounting depending on optic choice.

Smith and Wesson M&P CORE is an optieady
model that, like the Glock MOS, support multiple
MRDS options. Also like the MOS, the optic body wi
sit higher on the frame which makeguire the use of
taller back up sights depending on optic choice.
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Sig Sauer P320 X Carry line is a manufacturer offere
opticsready handgun. Various after markefapter
options allow mounting of many MRDS optics.

The FN 509 Tactical offers perhaps the best
designed and supported OEM optics platform
currently offered. Mounting surfaces allow for the
optic to be mounted direct to the slide surface,
whereas the recoil lugs are changeable to support
different model opics.

Modular Milled

A modular milled slide is aaftermarketoption that presents the same advantages of an OEM optics
platform, often with a more aggressive approach to optics mounting. Modular milled slides are not
married to one specific opticavith a milled footprint, and often provide a greater degree of durability
and footprint over current OEM offerings. Two Modular Milled options are recommended:

Unity Tactical ATOM

sl
s {encar

The Atom is a significant value, even if only used for
initial MRDS testing and evaluation in that additional
mounting plates allows a department to work though
optics under consideration without incurred cost of
multiple milled slides. The ATOM also offers quicker
support for future optic mounting or department change
in preferred optic.
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Agency Arms AOS

The Agency Arms Agency Optics System offers a modul
platform that can accept all current optics. The AOS
mounts from a steel plate and can be purchased inirons
forward or ironsrear configuration. The AOS carsalbe
incorporated into existing Glock MOS models by Agency
For warranty purposes, Agency Arms will honor warranty
service and replacement on AOS slides to the same leve
Glock.

Glock MOS Specific testing: Aftermarket plate systems

Because the Glock family of handguns is easily the most corsereite weapon in use with law
enforcement today, it is expected that departments would choose the MOS optic system as their MRDS
host when transitioning to duty optics. The complication itk decision is that the Glock MOS

system, specifically the OEM optic mounting plates, are constructed of cheap metal injection molded
metal. This makes them needlessly thick and brittle. MOS plates may also be bent or warped from the
manufacturer. Thehickness of the plate limits the number of threads that mount the plate to the slide,
creating a potential failure point. If a plate is bent or warped, this inconsistency, when mounted, will
allow the plate to flex against the screw heads during réeadjng to mounting failure.

Because of this, it is strongly recommended that MOS users do not use OEM MOS plates and instead
use an alternative plate. Since 2017, Sage Dynamics has been testing various aftermarket alternatives tc
the OEM MOS plate fothe MOS handgun. That testing data is detailed below.

Make Testing Period Round Count Cause of Failure
C&H Precision Gen 1 February 2017 10,250 (est) Ongoing use
DPPplate (Aluminum)
C&H Precision A June 2020 9,100 (est) Ongoing use
MIL/LEO plate
(Aluminum)
Forward Controls Desigr August 2020 10,250(est) Ongoing use
OPFG RMR (Steel)
Springer Precision August 2021 6,240 (EST) Ongoing use
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Duty Holsters

Safarilandremains the most common duty holsteuge by law enforcement today; reliable in its robust
weapon retention and intuitive firearm release mechanisms. Safariland offers multiple models of duty
holsters for MRDS equipped handguns. Safariland currefidyscover a dozen configurations for

MRDS handguns in populauty models.

The 6354 DO model is an ALS release holster, specific to RMR
profile optics

The 6362 RDS is an ALS/SLS release holster with
optional ALS shroud and an MRDS shield bale.

MINIATURAIZED RED DOT SYSTEMS FOR DUTY 14
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The 6392 RDS is an ALS only release holster
with an optional shroud and MRDS shield bale.

Because holster optiofier MRDS handgunsxist, and those options are provided with similar or the
same retention mechanisms that many departments already use, retraining an offieardaty

holster is not an issue if the department chooses to pursue a system that allows the usescfuubister
as Safariland RDS models. This is further reason on duty weapon selection that the milled slide is
strongly suggesteitb minimize potential complication with new equipment or forcing a department to
source holster options from anknown quality maufacturer.

During the fouryear evaluation period, multiple holsters were tested or observed during courses.
Safarilandds 6354 DO presented the most reliabl
t han ot her hol st e rlie.of holsBeiastrmotdblg GXA0 seriesiamdneviRID/Z XX

7TS series have provided consistent reliability and performance since the first edition of this white
paper, not only with the author, but also from

Optic Care

By adding an optic to the duty handgun, the department and individual officer must accept additional
maintenancand care concerns. The MRDS that a department considers should allow for the easiest
methods of preventative maintenance at tfieaflevel, and servicing at the armorers or range master
level. General care for the optic lens can be performed with a simple micro fiber cletip,cargd lens
coating with RairX or an antifog additive is advised. Even though fogging is not d@reexe concern,

in some regions its more possible and can easily be prevented with proper lens coating.

Battery life varies from optic to optic. It is advisable to replace batteries annually, as the incurred
battery cost is minimal and the prevention atdxy failure is greatly increasedt is recommended that
battery replacemermtccur duringannual qualification.
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Optic Durability

Like any piece of duty gear, an MRDS must be able to handle the rigors of law enforcement duty; from
the environmentab the incidental, the optic must be as durable as possible to minimize the chances for
failure. Historically, law enforcement has been hesitant to adopt new technologies or new ways of
thinking regarding training methodologies around those same techeslolp 2@3, it is still common

to see officers issued patrol rifles without optics, and sometimes without weapon mounted lights, slings
or additional ammunition besides what is carried in the firearm. The amount of quality (and often peer
reviewed) inbrmation regarding reliability and importance of patrol rifle optics or weapon lights is vast
and constantly updated widtditional informationor refined training methodologies. Much of this
training and research takes plac¢sale of individual depaments, which means it falls on the

responsible department individuals to seek out these sources of information to prevent negative
institutional inertia. It is also important that training cadre seek out and work with department officers
who may alreadye subject matter experts on specific equipment or concepts and principles for
employment of said equipment.

Throughout the evaluation period, one of the most common concerns from officers trained was; optic
durability. Like the initialcontroversy surrounding rifle RDS, the mounting of an MRDS on a duty
handgun was, and,iseated by some as an unacceptable failure point that could lead to an officer losing
the ability to aim their firearm when it is needed most. Concerns of relyadniétnot only proper, but

should be continual, so long as they are in context to actual knowledge of potential failure points of
MRDS.

Because multiple MRDS were evaluated during the testing period, and some of these MRDS brands did
in fact fail, this gction is intended to help guide departments away from poor quality options that might
otherwise be appealing because of their relative low cost when compared to other optics.

This information is not complete, as testing will continue and it is diffiouttatol a large sample size of
each brand for concurrent testing without independent funding. As this white paper is intended to be as
independent as possible, no outside funding was sought.

Evaluated MRDS
Detailed below are the models and specific data of MRDS evaluated duriiogitlyearperiod.

Evaluation criteria was realistic use requiring the optic to pass a number of specific, periodic tests as
well as continue to function under normal use.

Specifictesting:

1 Drop testing
Optic dropped while mounted to handgun, optic directed towards deck for drop, from shoulder

height. Drop test performed every 500 rounds beginnigs@@tounds.
I ——————
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1 Impact testing
Optic used as manipulation device against objects te ¢&yatdgun slide during malfunction
drills and onehandonly operation of handgun. Impact testing on going during evaluation.

1 Environmental testing
Optic frozen at 3@8F for 24 hours, heated at 150F for 24 hours Opti ¢ submer ged
ambient tempeture water for one hour. Environmental testing performed every 500 rounds
beginning a600rounds.

 Round count
General target ammunition of 115 and 124 grain 9mm for 500 rounds, with 100 rounds of duty
ammunition 124 gr +P, repeating until failure or eh@valuation.

Make, Model and Platform Testing Period Round Count Cause of Failure

Burris Fastfire Il 4 MOA dot,| Feb 2013Feb 2013 200 Loss of zeraluring fire

Dovetail mount on Glock 17 adjustments failure. Not
user serviceable.

Burris Fastfire 11 4 MOA dot, March 2013June 1000 Electronics. Optic died

Dovetail mount on Glock 17 2013 during £conddrop testNot
user serviceable.

Burris Fastfire Il 3 MOA dot| September 2017 500 Loss of optigglass on first

Mounted on Glock 17 MOS September 2017 drop test. Not user
serviceable.

JP EnterprisesBoint4 MOA | Feb 2013June 2013 325 (est) | Loss of zeraluring fire

dot, Dovetail mount on Glock adjustments failure. Not

19 user serviceable.

JP EnterprisesBoint4 MOA | July 2013January 3,000 Loss of zeraluring drop

dot, Dovetail mount on Glock| 2014 test adjustmentsailure.

19 Not userserviceable

Insight MRDS 3.5 MOA Dot, March 2014 2,176 Battery connections broker

Dovetail mount Glock 17 December 2014 during fire. Not user
serviceable.

Docter Sight Il 3.5 MOA dot,| March 2014August 2,000 Optic lens brokewluring

Dovetail mount on Glock 17 2014 drop test Not user
serviceable.

Trijicon RMR RMO07 6.5 May 2014 12,220 No failures

(type 1)MOA dot, Milled (UOFammo

mount onUTM slide. only)

C-More STS 7 MOA dot, December 2014 800 (est) | Battery connections broker

dovetail mounted on Glock 1  December 2014 during manipulation/fire.
Not user serviceable.
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Vortex Venom 3 MOA dot, February 2019May 1,020 Electronics failure during

dovetail mount on Glock 17 2015 fire, optic died. Not user
serviceable.

Trijicon RMR RMO06 Type 2 June 2017 33,200 No failures.

3.25 MOA dot, Milled mount

on Glock 17

LeupoldDelta Point Pro 2.5 April 2018-April 1,500 Optic glass broken. Not

MOA dot, Mounted on Glock 2018 user serviceable.

17 MOS

Leupold Delta Point Pro 2.5 | April 2018-March 4,200 Optic glass broken. Not

MOA dot, Mounted on Glock 2019 user serviceable

17 MOS

Leupold Delta Point Pro 2.5 | April 2018 June 2018 2,900 (est) | Battery connection failure.

MOA dot, Mounted on Glock Not user serviceable.

17 MOS

Leupold Delta Point Pro 2.5 | June 2018August 4,100 (est) | Battery connection failure.

MOA dot, Mounted on Glock 2018 Not user serviceable.

19 MOS

Leupold Delta Point Pro 2.5 December 2018 5,113 Emitter failure.

MOA dot, Mounted on Glock February 2019 Not user serviceable.

19 MOS

Sig Romeo 1 3 MOA dot, July 2018July 2018 524 Optic glass broken on drop

mounted on Glock 17 MOS test. Not user serviceable.

Vortex Viper 6 MOA dot, July 2018July2018 1,500 Optic glass broken on drop

mounted on Glock 17 MOS test. Not user Serviceable

Holosun507C 2 MOA dot/ September 2018 10,100 Glass cracked remains

35MOA ring reticle, milled zeroed

mount Glock 17

Trijicon RM09 type 2 1 MOA| December 2018 12,100 No failures.

dot, Agency AOS mounted

Holosun 508T V2 March 2020 12,220 No Failures

Holosun 508T V2 June 2020 4,900 No Failures

Trijicon RM09 type 2 1 MOA| January 202Qune 4,800 Elevation adjustment

dot, Agency AOS mounted 2020 failure. not user serviceabls

Aimpoint ACROP-1 April 2019 12,550 Outer lens brokennner
lens cracked. Holds zero,
still functional.

Sig Romeo 1 Pro (with OEM| December 2020 1,025 Optic glasdroken during

shroud) 3 MOA December 2020 second drop test, not user
serviceable.

Browe Micro Reflex January 2020anuary| 525 Optic glasdroken during

2021 first drop test. Not user

serviceable.

1
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Swampfox Justice December 2020 1,650 Lens deformed/chipped
August 2022 Fails to maintain zero.
Not userserviceable
Holosun 509T V2 Jan 2021 7,100 No Failures
Leupold Delta Point Micro June 2024August 3,180 Electronic failure. Not user
2022 serviceable.
Steiner MPS November 2021 3,700 No failures.
Holosun SCS February2022 6,120 No Failures
Holosun EPS August 2022 5,400 No Failures
Sig Romeo 2 March 2022 4,300 No failures.
Aimpoint ACRO R2 May 2022 5,820 No failures.
Eotech EFLX October 2022 500 Failure to maintain zero.
October 2022 Not user serviceable.
Eotech EFLX October 2022 500 Lens unmounted from
October 2022 shroud. Not user
serviceable.
Eotech EFLX November2022 615 (EST) | Failure to maintain zero.
November 2022 Not user serviceable.

While testingcontinues on functional MRDS, the two manufactutieas continue to provide reliable
service are the Trijicon RMR he Steiner EPS, Aimpoint AcroZand the Holsun 508T/509T.

It is worth noting that multiple battery failures occurred during testing on multiple MRDS, however all
noted battery failures were with Energizer and Sony brand bataerdesach failure was well before the
guoted battery life of the opttbey were mounted inDuracell brand batteries hawely failed when
charge was exhaustéal date.

Some alternative MRDS options require manual on/off operation. The need to turn a handgun MRDS
on manually should exclude any model from consideratamsidering constartn options with
extensive battery life exist.

This is not arexhaustivdist of available brands or models of available MR&fsl should be treated as
anecdotal information since, while every effort was made to adhere to criteria, amlmmuaitances

over time prevent the testing from being as scientific as it could have been under an accelerated testing
period with dedicated and controlled ammunition by lot and all MRDS tested concurrently.
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Line of Duty Optics Failures

Beginning in 2018, Sage Dynamics began trackingregiérting data of MRDS failures in the line of
duty. While the MRDS is being widely adopted and authorized for LE duty carry, Sage Dynamics is
only able to collect reliable accounts from graduateseBSidge Dynamics RDS Handgun Instructor
courseand their students, or graduates of the RDS Defensive Handgun ddhsséata, though

reliable, should not be considered exhaustive. Using a standardized form, Sage Dynamics course
graduates can detail optifalures occurring with RDS carried on duty in any capacity. This section, as
with ongoing testing, will be updated periodically with futupslates.

It is important to note that as of the 3 date, this information covers oVETO0RDS Handgun
Instrudor graduates and the officers trained by them, with a possible sample size08H+1RDS
handguns in use on dutidditionally, reported numbers are derivative of popular optics in use, the
Trijicon RMR remains the most commonly issued/authorized MRD&Eause.

Optic Failure Occurrences
Trijicon RMR | Emitter window failure (window adhesive fails) 25

Type 2 RM06

Trijicon RMR | Windage/elevation failure (optic cannot maintain zel 18

Type 2 RM06

Trijicon RMR | Emitter window cracked 2

Type 2 RM06

Trijicon SRO | Optic lens brokertrush force while holstered during | 8
(various MOA) | an arrest
Trijicon SRO Optic lens brokefdrop 4
(various MOA)
Holosun 508T | Electronics failureauto brightnesseticle not useable | 4
in direct sunlight
Holosun507C | Electronics failureauto brightnesseticle not usable in| 2
direct sunlight
Holosun 507C | Optic lens brokestcrush force while holstered during | 2
an arrest
Leupold Delta | Power failurenot battery related 22
Point Pro

(various MOA)
Leupold Delta | Optic lens brokestrush force while holstered during | 13
Pant Pro arrest
(various MOA)
Leupold Delta | Windage/elevation failure (optic cannot maintain zel 4

Point Pro

(Various MOA)

Sig Romeo 1 | Power failurenot battery related 6
Pro

Sig Romeo 1 | Windage/elevation failure (optics cannot maintain | 3
Pro Zero)
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Sig Romeo 1 | Optic lens brokestrush force while holstered during | 4

Pro arrest

Sig Romeo 1 | Optic lens brokestrop 6

Pro

Sig Romeo 1 | Optic lens brokestrop 6

Pro

Aimpoint Powerfailure-not battery related 3

ACRO P1

Aimpoint Windage/elevation failure (optic cannot maintain zel 1

ACRO P1

Vortex Venom | Power failurenot battery related 2

(3 MOA)

Vortex Venom | Windage/elevation failure (optic cannot maintain zei 4

(3 MOA)

Vortex Venom | Optic lens brokescrush force while holstered during | 3

(3 MOA) an arrest

Holosun 509T | Power failurenot battery related 1

Holosun 509T | Windage/elevation failure (optic cannot maintain zel 2

EoTech EFLX | Windage/elevation failure (optic cannot migin zero) | 3

EoTech EFLX | Optic lens brokestrush force while holstered during | 2
an arrest

Steiner MPS Power failurenot battery related 2

Steiner MPS Emitter failure 2

1
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Visual and Mental Complications During a Use of Force

Thecomplicated nature of a use of force is one of the most researched subjects in law enforcement.
Factual scientific analysis of an actual use of
cannot occur under proper scientific controls and event to the next presents insurmountable
inconsistencies that result in far more anecdotal informafidris section will detail the biological

processes and difficulties involved in the use of a sighting system in a use of force.

Considering the Btory of armed conflict, the firearm is the fitsbl in which the user was required to

direct their focus to the tool and not to the thréaft sight focuss the correct manta for proper

fundamental accuracy. Be it rifle, shotgun or handgjum oficer must focus their attention, their vison

on the front sight of the firearm. This presents a few issues once we look at physiology under stress, and
potential liability regarding athe-moment use of force against a clear and present threat.

These tw issues, above all others, must be exploratkjth to best make an informed decision on
optics for duty use.

Human Vision Under Stress

In 1851, Hermann von Helmholtz publishddndbuch der Physiologischen Optitandbook of

Physiological Optics) This work was one of, if not the first, scientific looks at how the human eye
behaves under stress. Helmholtz conducted extensive research and was able to lay out the beginning of
understanding to what would evolve into the common psychophysiologimairence ofight or flight.

Even though Hel mholtzéds mission was to under st a
the body had a high likelihood of causing involuntary reactions such as loss of near focus.

|l ndependent f eseanch, BreWatdn Gahrorz pitdished the research that would lead to
the common foundational understandindight or flight* Dr. Cannoé studiesnotel he body o s
reaction to threat stimulughe involuntary responses that cautezlbodyto release a number of
hormonesand neural signak® prepare the body for attack, defense or fleeing the danger stimuli. This
General Adaptation Syndromeauses a number of measurable changes in the babgffect

performance, reasoning and vision. The severity of these effects is dependent on training, experience,
known information and physical condition.

Stressas an occurrence is a direct result of actual or perceived stimulus that forces therbgdiate

its functions, or divert attention to critically needed functions while generating a solution to remove the
stress and return t o?f theowomsstresdvassat gart of theJseientifit lexicdne 1 9
and despite research befohen, thefocus of understanding was more acaderfResearch into the

Autonomic Nervous System (ANS), more pointedly SyenpathetidNervous System (SNS), a branch

3 Handbuch der Physiologischen Opfitandbook of Physiological Optics), Hermann von Helmhdl&5() Translated by
James P. C. Southall, Optical Society of America (1924)

4 The Wisdom of the Bod{1932),Bodily Changes in Pain, Hunger, Fear and RagéValter Cannon (1915)

5 Health Psychology 2nd Canadian Editibaylor, Shelley, and Sirois, Fusahi(2012

6 Puttin% Stress in Life: Hans Sel¥e and the Makin% of Stress ThSo%' | Studies of SciencR. Viner 51999=
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of the ANS, has provided continual breakthroughs in our understanding of the bodies behavior during a
use of force.

Modern research into the ANS is arguatblginks to the pioneering work Bf. John Newport Langley.

His publication on the Autonomic Nervous Syrst paved the way for collective research into what we
have come to colloquially refer to as daardy alarmor fight or flight system The Sympathetic Nervous
System serves one active purpose, to stimulate and regulate our responses to a threat\timanlus.

threat stimulus is processed by the senses, the SNS goes from a mostly datsahissisting in
homeostasfsto actively altering the bodies status by priming the body for action. Many changes occur
in a short period of time when the SNS iiag; and the degree at which these changes effect
performance (or the specific functionality of the specific area/organ/function) is dependent on a number
of contextual and training factors.

SNS effects on the body

Brain: Eye: Pupil dilation
Simple/complex
responses

Heart: rate and
force of contraction
increases

Sweat Glands:
Activates
secretion

Lungs: Dilation of
bronchioli

Digestive tract:
Inf?ibits Skeletal muscle: blood
Tumescene vessel dilation

7 The Autonomic Nervous Systerdr. John Langley (1921)
8 The Central Nervous System: Structure and FuncBen Brodal(2004
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Many complexand simple bodily actions take place in a very short period of time once the senses have
processed a threat stimulus. The nature and the quality of information an officer receives largely will
determine the intensity of the SNS response. As a compl&x v are focusing strictly on the human

eye and the SNS and ment al processes that direc
more importantly, process what is being seBafore we look at the eye, which is the main focus of this
section, it is important to talk firstabodutow t he br ai ndéds processing und:¢
and processing of information.

Ano f f i primary®aurce of information for the use of force comes from the eye. Input from other
senses, such &garing, may aid in the decision to use force, but without quality input from the eye,
judgement, justification and accuracy can be severely hindered or prevented in totality.

When a stimulus is detected by the senses, one of two general processesuwiliruat which process is
largely determined by the proximity of the stimulus, and how long the stimulus was observed before
was recognized as a threat.

If the recognition of the stimulus is sudden, a startle regatid®omatic Reflegan occur. Startle

Reaction is a refectory reaction that does not require conscious thought and can occur in as little as 50
milliseconds, usually ending after 500 millisecohd#/hen a threat (stimulus) @pparentinformation

is routed to the Thalamsun the brain, which will then distnite it to the appropriate aeaf the brain
theamygdalayisual cortex and frontal lobeln close proximitythis may result in precognitivestartle,

in which case the information is directed to the amygdala,@y s i nhgi ntkhien gfiot br ai n wh
to learned information occufs The amygdal activates protective reflexes, however there is no

standard startle reaction; fiact, there are more than 30 possible startle reacfithat are greatly

determinedy the overall nature of the information received initi#jythe brain. This is known as

Low Road Processing

Dr. Joseph L é&bMappexHigh Roadarslleoa Roadprocessing, detailing how our brain
will sort information based on the totality the situation and the time available to process the situation.

Under Low Road processing, the perceived stimulus is downloaded by the thalamus and then sent
directly to the amygdala, which generates a protective startle. The amygdala activates othiedygmpa
Nervous System; a startle reaction takes place and only then is the stimulus information sent to the
appropriate cortex where conscious possessing can occur, namely, jumping into the High Road.

The High Road is where the stimulus is Observed, irdtion is routed to the thalamus by our senses
and processing begins as that information is routed to the appropriate cortex (most likely visual). The
processed information is then downloaded to the amygdala and a reaction/response is generated in the

% Amygdala and Anterior Cingulate Cortex Activation During Affective Startle ModulaidPET Study of FearAnna
Pissiota (2003)

10 Differential Contribution of Amygdala and Hippocampus to Cued and Contextual Fear CondijtRnigjllips (1992)
The Role of the Amygdala in Fear and Pafioug Holt (2008)he Role of the Amygdala in Fear and Anxidtichael
Davis (1992)

11 Boo! Culture, Experience, and the Startle Reflegnald Simmons (1996)

12 The Emotional Brain]oseﬁh LeDoux =1996=
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form of a response along with the generation of emotion and fear. High Road is where training,
technique and competency in both play the largest part. It is creating reactions where unconscious
actions may occur, but they are trained unconscious actionsdailevel of competency by repetition.

HIGH ROAD PROCESSING @‘iﬂﬁ&%‘éﬁiﬁ‘s&
[NON-STARTLE DECISION MAKING]

INFORMATION ROUTED TO
APPROPRIATE CORTEX
AND THE AMYGDALA

SENSE DETECTION OF THREAT
(VISUAL/AUDIBLE)

Ja

INFORMATION ROUTED TO
TH S

VISUAL INFORMATION ROUTED BACK Tt
THALAMUS AND TO AMYGDALA EMOTION
AND ACTION GENERATED.

SNS ACTIVTED.

S~ DmAOI-H

LOW ROAD PROCESSING
[STARTLE REACTION]

SENSE DETECTION OF THREAT
[UVISUAL/AUDIBLE)

INFORMATION ROUTED TO
THALAMUS

INFORMATION SENT DIRECTLY TO AMYGDALA
BEFORE CORTEX RETURN STARTLE REACTION OCCURS
BEFORE DECISION MAKING CAN TAKE PLACE

S~ DmMmDOIH

In either process, though more notably under Low Road processing, the SNS activation and startle
reaction in general cause involuntary changes in the eye.

The human eye is a wecomplex piece of naturahginesring; itcanalter point of focus from near to
exceedingly fadistances throughcaommodatiol at speeds between 350 milliseconds anecbisd*
depending on age and general eye health (as well as environmental conditions). But this ability is highly
dependent othe levels of stress in the body. The SNS activation occurs as the threat stimulus is
recognized, and this means that the hanes relased by SNS activationill affect the eyehowever

before the hormonal effects can even reach the eye, the pupil is dilated by SNS which comisarates
Further complications are how SM8dadrenaline effect the muscles of the eye, specificallyitiaeyc
musclesand fibers

13 Accommodition-dependent model of the human eye with aspheRcslavarro, J. Santamaria and J. Bescos (198%&),
eye in focus: accommodation and presbyppia W Neil (1998)
4 Eye movements and perception: A selective revilexander C. Schiitz, Doris I. Braukarl R. Gegenfurtner, Journal of

Vision SZOll:
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| t alss important to understand that the amygdala is critical to the neural process undeaiSNS
has been shown that the amygdaldiiisctly linked to fear and feanemory, which can directly
correlate to method of aing and training procedures for marksmanship.

The Ciliary muscles are a ring of muscles that surround the lens of the eye. They contract or relax to
change the shape (thickness) of the lens to alter desired focal distances, this is Accommodation.

Under stess, the Ciliary muscles are directly affected THE EYE
by adrenaline, which takes time to reach them, howe
the SNS effects can be instantanéfukey contract,
which thickens the lens for distant focus, literally
eliminatingthe possibility for near focus der these
conditions they affect normally voluntary syamns, in
this case, focal poiht

The involuntary loss of control over the Ciliary muscl
when we react to a thre:
or flighto response. Ou
its maximum, the pupil dilates to allow in the maximu
amount of light and allow us tmest see our threat.
Speaking in historical terms, we have been fighting
with our hands and hand weapons much longer than
firearms.

CLURRY MUSCLES

5 Interplay of Amygdala and Cingulate Plasticity in Emotional Faural Plasticity
Volume 2011 (2011)

16 Formation of the agueous hum@r. Janet Fitzakerley, University of Minnesota Medical Sclfpol4 Ad | er 6 s
Physiology of the Eye: Expert Consult 11th editibaonard A Levin, Siv F. E. Nilsson, James Ver Hoeve, Samuel Wu, Paul
L. Kaufman, Albert Alm (2011)

"Autonomic Nervous Systenirlinders University, Australia Dr. Bill Blessing, Dr. lan Gibbi(2011)The Integrative
Action of the Autonomic Nervous System: Neurobiology of HomeostBsis/N.W. Janig, Cambridge University (2006
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With implicit handeye coordination developed since

birth, our threat response is hard wired to focus on the
threat. Motor control for hand movements is not

dependent on continual visual input. Unfortunately,

visual input, close focus, is necessary fohtag fire

with a firearm. Sighted fire is done by centering the

front sight in the rear notch, placing the front sight in

focus and driving it to a spot over our threat. When the
SNS activates, this ability
sight f oduwsen tbheatt emas nt o ev
brain from day one is gone; we cannot focus on the
front sight because our ner
LENS (THIN] Loss of near focus is temporary, though appears to last

as long as the SNS is active or a conscious decision is
made to alter the point of focus.

THE EYE, DISTANT FOCUS

CLARY MUSCLES RELAMED

Tunnel vision (visual perceptual narrowing) is anothe
reaction to an SNS activation when a threat is percei
and is also common in high stress situations thatat
involve threat of injury®. When the SNS activates, i
addition to adrenaline being released into the body,
Cortisol is also released. Cortisol effe perceptual
error detectiot? literally blocking visual input from
beingprocessed by the visual corféx | t 6 s n
i nf or ma seerp ni ti t&esinfotirtatéon is not
regarded as important and therefore not given the sa
attention as that in the direct field of vision.

THE EYE, NEAR FOCUS

These occurrences may be momentary, or they may
for seconds, minutes or longer. The research into
vision under stress wita focus on law enforcement is CLIARY MUSCLES CONTRACTED
not nearly expansive or-gepth enough to offer
concrete timeframes for ocular symptoms of stress, but what is known is that they occur, and their
negative effects on the traditional use of iron sight shooting shouldibs/mhvious. If you lose the
ability for near sight focus, even for a fraction of a second, you lose the ability to focus on your front
sight.

LENS [THICK)

18 World Health Organization. Work with visual display terminals: Psychosocial aspects and h&aitup Med (1989

Situational Awareness Mattely. Rich Gasaway

19 Effects of a single dose of cortisol on the neural correlates of eipisodic memory and error processing in healthy .volunteers
Psychopharmacology ,FC Hsu, MJ Garside, AE Massey, RH McAlgikiams (2003)

20 Tunnel Vision, Its Causes, Treatments and Strategidward C. Godnig, 0O.D. =2003=
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It is important to note that under High Road processing, a situation where an officer has already moved
throughLow Road processing, (or it never occurred due to the specifics of the encounter) it is entirely
possi ble and common for an officerdés vision to
situation where an officer is issuing verbal commandslwratise holding a suspect at gun point, near
focus can return or never be lost to begin with due to the latieddmatic reflex to a threat, extensive
stress inoculation training, or focal point return based on the amount of time that has elapsed.

Further evidence to visual complications can be seen in LE force on force exefusesaluable tool

for law enforcement when used properly, force on force systems such as UTM or Simunitions FX allow
trainers to provide students with a very realistic tregrexperience; that is to say that participants will
experience an SNS activation and the symptoms that come with it. Because this is as close as we
trainers can get to having environmental control over a use of force, the data that can be gathered in
training exercises can and should be used to shape polttpursue technology to aid in more effective
officers. From 2011 to 2014, Sage Dynamics conducted a study of students during force on force
training courses.

Sage developed a few very simple gigest that would ask at the end of an officers training scenario.
These questions were asked of each student in a handgun scenario immediately following a logical
conclusion of their training. As the scenarios spanned three years and covered a numimer of var
training specifics such as close quarters shooting, low light, active shooter response, vehicle defensive
skills, felony stop procedures, etc. The information is anecdotal, though telling as the type of training is
varied yet the commonalities betwestndents is obvious. All scenarios polled placed the threat(s)

within 15 feet of the student at the scenario beginning. Any scenario conducted during this time that
began with a threat at a greater distance was omitted. 110 Students over three yemiedere

Three direct questions were asked to poll information.

Three simple questions.

Were youable to acquire a gross or fine sight picture under a spontaneous threat?

1 No: 90%
T 1 donot remember: 9 %
1 Yes: 1%

Were you able to consciously focus and findrysights?

T 1 di dnodt have ti me: 33 %
T No: 31%

T Yes:23%

T 1 dondét remember: 13 %
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Did you unconsciously acquire a sight picture at some point during the scenario?

)l
T
)l

No: 65%
Yes: 20%
I donot remember : 15 %

Handguns used during the study:

)l
T

Beretta 92
Glock 17

Sights used:

T

= =4 -4 -4 -4 4 -9

OEM Beretta

OEM Glock

Glock Night Sights

Truglo TFO

XS Big dot

Trijicon NS

Trijicon HD

Dawson Precision (fiber optic front)

Student shooting experience:

1
il
1
1

0-5 years: 20
6-10 years: 45
11-20 years: 28
21+ years: 17

The length of acenario, and how fast an officer was forced to react was largely responsible for the
ability or inability to eventually acquire a conscious sight picture. Students that were placed in a sudden
shoot situation when the reactiime-to-roundsfired time fame was mere seconds almost exclusively
answered in the negative. Scenarios that gave the student a greater distance from the threat or allowed
them to move to cover, or fight from cover allowed some students to acquire a sight picture after those
first few seconds had passed, their threat moved and they perused, or the situation called for more
precise fire (such as the threat using cover). This information is by no means complete, nor was it
gathered under a specific set of like scenarios to ensure catityaf data. It was collected from

varied scenarios from students with varied back grounds on purpose. Instead of establishing the facts
within a narrow scope, Sage Dynamics wanted data from the widest possible number of circumstances
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because reality cdimues to show us time and time again that each gunfight is unique in many ways and
the only commonality is often in our involuntary reactions to stress.

Mental Processing Under Stress

Additional problems with vision may present given officer informatarack thereof, especially in
environments where lighting is reducednaust be produced by flashlight. MistaiEFact shootings

can occasionally be explained by mental processes usually attributed to safe assumptions made by an
officer, however the ity is more complex.

Everyone has had at least one experience in which they saw something out of the center of their vision,
or in a reduced light environment, or hidden in the grass or foliage in which they assumed it was
something that it turned out hiw be. A coat rack appeared to be a person, a stick in the grass appeared
to be a snake. A cellular phone appeared to be a gun. When limited information is available to the
senses, the senses may attempt to fill in missirajlsleThis is the paty due to Amodal Completich

Our mind groups objects together as a whole, even if they are not, so long as they cmaplete a

pattern or object, or a general shape or color contrast is assumed to be something it may or may not be
before the viewer can, or has time to gather additional visual ingDbgAitive Interpolatioris perhaps

a more reliable term asdescibes a specific function of the mind to add missing information based on
prior experiences, training or previously seen information. The mind will use Hedfistisslve

problems as they are occurring, even if they are not the ideal process talgtahbased on any real or
perceived need immediate data. Heuristics are based on previous experience or training, and may have
advantages or disadvantages based on that previous experience or tk&fimiega Heuristic is a

proven method for problem lsing (and largely unavoidable mental procé$)ey are susceptible to
cognitive bias, stereotypes and bad traiffingom Aven is §tudy® on behalf ofThe Police Policy

Studies Council found a high number of mistake of fact shootings from multiplerdepés, in the

18%3 3% r ange. Mor e to t he ;fLowlightshoo#ngseaccouatdorat e s e ar
least 60% of police applications of deadly force. They seem to diminish police hit ratios by as much as
30%. Low light als@ccounts for asnany as 75% ddll mistakeof-fact shooting® Training may be

partly responsible for a mistake-fact shooting, but Heuristics drives the mistakean officer must

judge a potential use of force under expected stress, the more visual input thely enlgster a

decision they are able to make.

A mistakeof-fact shooting is just that, an honest mistake made by an officer in a small fraction of time
when the need for | ethal force was belieawed to
account for a large number of agencmdy 5major metropolitan agencies provided officer involved

2! Amodal Completion,Perception and Visual ImageZiotilde CalahjInterpolation and extrapolation in human behavior
and neural networksl Cogn Neurosc{2004

22 Heuiistics, servants to intuition, in clinical decision makidgne Cioffi (1997)

23 Use of heuristics: Insights from forecasting reseafttinking & ReasonindN. Harvey (2006)Heuristics: Tools for an
uncertain world". Emerging Trends in the Social and Bital SciencesHansjorg Neth (2015)

24 How to Make Cognitive lllusions Disappear: Beyond "Heuristics and BigGerd Gigerenzer (1991)

25 Officer-l nvol ved Shootin%s: Wha%ThdMasJDNvalhinM‘)ﬁZOOK:now Has Hurt Us
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shooting data, and the method of collection (andildeftdata) varied between the Fhis means that

data collection by individual agencies neaulbé as specific as possible and must be shared with other
agencies and trainers to aid in reduction of MOF shootings and an overall increase in training quality to
better enpower officers if the need for force arises.

In law enforcement, a great dealtdining is focused on mental processing, decision making and
judgement shooting. Despite this, we regulégr of, and see evidence of, police hit percentages

being very low. A 2006 Rand study of the NYPD found that officers maintained an 18%dihra
exchanges of gunfire witbuspects, and a slightly higher 30% hit ratio when suspects where not actively
engaging them with gunfif&¢ A national average on hit percentages is not available, though anecdotal
numbers quoted rarely appedove 20%.

Force Science studied police academy graduate accuracy against the accuracy of novice shooters with
little or no formal training or experience. The study fothmat Expert officers had no significant

advantage over intermediate shootard only a small adntage over novice shoot&tsThis should be
troubling information for law enforcement trainers; no matter the quality of training, we must avoid the
institutional inertia of continuing to do what provides scored success when the qualification iy a polic
standard, it is not the standard an officer will be measured by in a use of force.

The reasons for these percentages are as much about training as they are about the unknown quantity;
you cannot predict the situation in which force will be needed, dutgn best prepare officers for the
situation if it arises. This preparatimaboutmore knowledgeable understanding of foiteeffects on

the body and their effects on equipment asel a better approach to embracing technologyvitia

allow officers to more effectivelgonfronta use of force.

Sights in Reduced Lighting

Law Enforcement is a 24 hour a day operation; which generally goes without saying il®rtant to
mention it specifically i n drsightng $steamoegadessofftiei c er
conditions present when they need to do so. Besides natural darkness, buildings, structures and
vegetation may artificially create lighting conditions that are not favoratalecirate identification of

potential orknown threats, or the ability for an officer to focus on and align their sights.

26 Evaluation of the Nework City Police Department Firearm Training and Firediacharge Review Proces®ernard D.
Rostker, Lawrence M. Hansa&Villiam M. Hix, Carl JenserAndrew R. Morral, Greg Ridgeway, Terry L. Sch&llAND
(2006)

27 The real risks durin% deadl¥ golice showaks: Accurac¥ of the naive shoqgtéorce Scienca)Villiam J Lewinski§2015=
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Humans are diurnal by nature. The human eye is not capable of low light douiigture, many
mammals possesdapetum luciduma biological reflectothatreflects entering light back towards light
sensitive retinatells after it has entered their

eyes to give the cells a second chance at ), e

stimulation, greatly increasing natural night -.4’::;2:,LUUDUM

vision. This is why many an es shine i
low light when light is @ected into them. oM PUP'L/I L |

CORNEA="

In humans, our eyes are far more addpt

daylight conditions. Rods and cones are the two
types of photoreceptors in the retina responsible for the transmission of images to the brain. Since we
lack a tapetum lucidum, the light entey the eye has only one chance to charge these photoreceptors,
our receptive field is determined by this. Contrary to commonly held belief, rods and cones have a very
similar receptibility to light, both will respond to a single quantum of light, bds waill produce a

bigger respongé

In natural day lightPhotopic lightthe human eye processes light mainly via the cone cells, the visual
system throws light away, creatitajeral inhibition, edgesharpening that actually decreases neural
activity in response to light. The effect is similar to the edgharpening function on a computer

graphics programThis gives the human eye an amazing ability to detect movement, differentiate color,
accommodate focal distances and reconcile edges, even witoikast objects, but this comes at a

cost, as already mentioned.

In mesopic lightpr twilight, the lighting conditions commonly associated with dawn/diliekeye

begins to lose its photopic advantages, color differentiation, focal accommodation, armtEbgon

become problematic. The eye is confused between photopsoandicv i somt opiiSaé i s da
low light created naturally or artificially by conditions in which the eye relies heavily on the cone cells

to transmit visual data to thedin. Rodcells occupy the outer edges of the retina, making peripheral

vision relatively moreeliable, though in scotopic light, the eye loses its ability to determine color or

judge depth accuratelywhen the eye is in fuBaturation be itphotopic @ scotopic light, information
processing is continual to tresonditions and data confusion.

Light, measured biux, is a helpful, though academic method to measure lightinditions

28 Human Factors, Night VisiqiDr. Marc Green

29 Ps¥cholo%¥ of Touch and Blindn%sH;eIIer, Morton A.; Edouard GentiZOlS:
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LUX

(1 LUMEN PER SRUARE METER]

LUX LEVEL VISION TYPE EXAMPLE

1,000,008+
120,800
1,828

2@

a.o1
2.801
a.e0a1
2.00201
2.0020a1

PHOTORIC
PHOTOPRPIC
PHOTOPRIC

PHOTORIC
PHOTOPRIC

MESOPIC
MESOPIC

MESOPIC
SCOTORIC
SCOTORIC
SCOTORIC
SCOTORIC

FULL SUNLIGHT [BLINDING]
HAZE, COMFORTABLE
DIFFUSED, CLOUDY

ELECTRIC LIGHTING
TWILIGHT

FULL MOON,ACCENT LIGHT
HALF MOON, BRAKE LIGHT WASH

RUARTER MODN, GUIDE LIGHTING
FULL STARLIGHT

PARTIAL STARLIGHT

OUVERCAST DARKNESS

TOTAL LACK OF LIGHT

For practical purposes, it is very rare for lamforcement to be forced to work in complete scotopic

light; urban areas and even seamnial locations at night produce a great deal of artificial light to create
mesopic or even photopic conditions. Inside of buildings, mesopic light is very commanaddireah ithe

default condition during daylight hours unless lights are turned on. Some structures, such as commercial
warehouses or factories, storage buildings or parking garages, can credabesgerpic environments

without artificial lighting.

Mesopc lighting is the most problematic lighting condition for the acquisition of sights and
reconciliation of focal distances due to the fact that the eye is actively trying to operate in photopic and
scotopc light at the same time. In mesopic environmdighting conditions against unlit areas and
objects create photonic barriers. These barriers confuse the eye; attempting to look through a slightly
brighter area into a dim area, or the reverse, is forcing the eye to confront a photonicvifateet;

may not appear dark enough for an officer to need artificial light, the dynamic contrast between light
conditions causes interpretation confusion and fatigue of thé eye

The greatest advancement in iron sight technologyeisight sight. The adoptiai night sights was
intended to allow shooters to acquire, align and focus their sights in low light conditions. The

30 Vision under mesopic and scotopic illuminatiGmnontiers in Psychology, Andrew J. Zeld&lingcai Cao(2015
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effectiveness of night sights is debatalilea 2001 studi}, accuracy in varied lighting under static
rangeconditionscompared to ablack iron sightsvas f ound t o i mprove, howe\
research found no improvement in officer hit ratios in shootings since the widespread introduction and
adoption of night sighté

As atrainer,it is common to encounter night sight equippaddguns during low light and shoot house
coursegboth live fire and force on forceif has been consistently observed by Sage Dynamigs that
without the employment of white light in scotopic environmenight sights provide virtually no

advantage. Imesopic environmentsjght sights aid the shooter in acquiring, aligning and focusing on
the sights, but do nothing to add additional light to the desired point of aim. This is situational, as every
environment is going to be different outside of coméibrange conditions, but further speaks to the

need for light on demanddith the complicatedature of lighting interaction with the human eye and

iron sights established, the last issue with traditional sights is the method in which sights are used.

Constant Threat Focus

The possibility of an officer not seeing their sights under stress is a common point of discussion in law
enforcementwhich is why it has been addressedli@pth hergand its possibility and probability is an

31 Handgun shooting accuracy iow light conditions: The impadf night sights Policing: An International Journal of
Police Strategies & Management, Vol. 24 Issue: 4

32 Officer-l nvol ved Shootin%s: WhatTthﬂsJDﬂivehinl\ms.SZ(DOB:ow Has Hurt Us
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