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ABSTRACT

This paper presents some of the the image processing tech-
niques that were applied to seek an answer to the ques-
tion whether agents of the Federal Bureau of Investigation
(FBI) were shooting at Branch Davidian sect members in
the tragic event in Waco, Texas, U.S., 1993.

The ”flashes” seen on one of the surveillance videotapes
were, by several experts, concluded to be gunfire. How-
ever, there were many reasons to question the correctness of
that conclusion, such as the fact that some of theflashes ap-
peared on a regular basis. The hypothesis for this work was
that theflashes instead were caused by specular reflections
and the technical approach was to analyze and compare the
flashes spatial and temporal appearance. The result showed
that theflashes were mainly caused by specular solar reflec-
tions and thereby they could not form evidence of gunfire.

Further, the result highlights the importance of consid-
ering the characteristics of the imaging system within inves-
tigations that utilizes images as information source. This is
to separate real data from other phenomena (such as solar
reflections), distortions and artifacts in a correct manner.

1. INTRODUCTION

In 1993 a confrontation between federal law enforcement
officials and Branch Davidians at the Mt. Carmel complex,
Waco, Texas, U.S., resulted in a 51 days long siege. The
siege ended in a tragedy and about 82 sect members died. In
September 1999, the Attorney General of the United States
appointed former United States Senator John C. Danforth
to investigate the events at the Branch Davidian complex on
April 19, 1993, which was the last day of the siege. The
Office of Special Counsel, St. Louis, Missouri, U.S., was
established shortly afterwards.

As one major part of the investigation, the Office of Spe-
cial Counsel retained several experts to perform different
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investigations. Among those were three Swedish experts
and the author’s task was to perform image analysis of the
videotapes recorded by a surveillance aircraft on April 19,
1993. One of the four major questions the Office of Special
Counsel was established to clarify, was whether agents of
the United States directed gunfire against the Branch David-
ian complex. The task for this investigation was to provide
a scientific opinion that clarified the cause of the questioned
events, denoted ”flashes”, that can be seen on one of the sur-
veillance videotapes. This paper is based on the final report
[1] and presents some of the techniques used when analyz-
ing theseflashes.

1.1. FLIR videotapes

A FBI Nightstalker surveillance aircraft recorded several
videotapes of the Branch Davidian complex during the stand-
off. The FBI Nightstalker that was used on April 19, 1993,
was equipped with a Sea Owl long-range infrared (IR) imag-
ing system. This imaging system had as its core a SPRITE-
TED IR detector. Thermal images from the FBI Night-
stalker FLIR were simultaneously recorded onto VHS video-
tapes on April 19, 1993. Seven recordings formed the ma-
jor source data for the investigation. However, two of the
FLIR videotapes turned out to be copies. The remaining
five videotapes were concluded to be original recordings.
The Branch Davidian complex appears on the surveillance
videotapes from a variety of viewing angles and distances as
the FBI Nightstalker circled above the complex during sur-
veillance. The thermal images are based on temperature dif-
ference of naturally emitted light, which depends on the ob-
jects’ energy exchange with the environment, self-heating,
emissivity differences or reflections of other sources. Con-
ventional photos were also taken on April 19, 1993, from
both aerial and ground views. Media covering the stand-
off also made video recordings of the events from morning
to afternoon. Figure 1 is an image from the FLIR videotape
where theflashes appears, a duplicate aerial color photo and
a simplistic three-dimensional (3D) model of the complex.



1.2. Hypothesis

Quite immediately after an initial and substantial visual re-
view of the videotapes, it was clear that theflashes appeared
on a regular basis and that the appearance of several of
theflashes could actually be predicted. For example, some
flashes on the single-story roof of the Branch Davidian com-
plex occurred approximately every two minutes, figure 2.
Theseflashes also occurred when the same part of the com-
plex was in the FLIR sensor field of view and the FBI Night-
stalker was in a similar position relative to the complex.
Further, theflashes were short in duration time and only
occurred in a few fields, but with varying duration time.
The main hypothesis was that theflashes were caused by
specular solar reflection. Other possible factors that was in-
vestigates weresimilar kind of reflection, sensor artefact or
distortion or other cause.

2. TECHNICAL APPROACH

To test the reflection hypotheses, the technical approach was
to reconstruct the spatial position of the sun, aircraft/sensor
and complex. Thereafter, the relation between theflashes
reconstructed spatial data and temporal variations were an-
alyzed.

2.1. Video Authentication

First of all, is was necessary to determine whether the record-
ings were authentic or if they had been technically altered
or tampered with. Although this seems obvious, surpris-
ingly often this phase is neglected in investigations where
the source data is some kind of image media. The electrical
signals stored on the April 19, 1993, the FLIR recordings
were successfully used to authenticate the videotapes.

2.2. Imaging Technologies

As “nothing is as good as the original” regarding imaging
technologies in forensic applications, analyzing these low
quality video recordings required specific methods to avoid

Fig. 1. A FLIR image (left), a duplicate photo (middle) and
a simplistic 3D-reconstruction model of the Branch David-
ian complex based on GPS stake coordinates (right), dis-
tances in meter [m].

Fig. 2. Regular appearance offlashes from the same loca-
tion at 11:43:36, 11:45:20, 11:49:02, 11:51:00, 11:55:46,
11:57:26 and 11:59:03. At 11:47:07 the roof was partially
clouded and aflash was only faintly visible. At 11:53 no re-
flection was detected. At 12:01 and 12:03 the roof was only
partially seen. At 12:05:15 aflash appeared again from this
same part of the roof.

further degradation. Overviews on methods for analyzing
evidential images are found in [2] and [3]. Variations in
image quality can originate, for example, from the varying
performance of the equipment used during the investigation
such as video recorders, video systems, equipment used to
digitize and display the video, computer frame grabbers,
image storage format, monitors, projectors and computer
screens. Each of these systems will introduce some kind
of degradation to the image.

It was also necessary to obtain as much knowledge as
possible, of all imaging phases and the behavior of the sys-
tem components within the FBI Nightstalker imaging sys-
tem. The reason for this is to be aware of how objects in the
real world are represented and where, and how, the informa-
tion from the real world might be degraded by the systems
components. Imaging technologies are normally designed
to achieve an optimal image quality, but features like noise
patterns and deviations in signal-levels are often key issues
in forensic investigations. This turned out to be the case for
this investigations.

2.3. Choice of Analytical methods

The next step was to analyze the FLIR images in depth by
first analyzing the FLIR sensing system and in particular the
detector elements. Some typical fixed pattern noise induced
by the scanning mechanisms, among other factors, was im-
mediately detected and recognized from the FLIR images.
The results from this examination provided valuable input
to the digitizing process, noise reduction phase and for es-
timating the error in the reconstructed data. The findings
of the complementary systems examination were also quite
important to explain why small objects could not be trusted
to be correctly represented in the thermal images from the
FLIR system. The main part was, however, the 3D recon-



struction. Beside the technical analysis, a literature review
was conducted.

3. 3D RECONSTRUCTION OF REFLECTION
GEOMETRY

Although severalflashes appeared on a regular and predict-
able basis, some were more intermittent. In the case of so-
lar specular reflections, the variation in FBI Nightstalker’s
flight path gives one logical reason for theflashes intermit-
tent appearance. The appearance of theflashes then be-
comes closely related to variations in the sensor’s spatial
position. Moreover, the duration-time of theflashes then
becomes closely related to the instantaneous speed of the
FBI Nightstalker. To further investigate these assumptions
a 3D model was needed, see figures 1 and 3. One of the
problems encountered when reconstructing 3D information
from the FLIR videotape was the lack of detailed platform
data. Fortunately, the SPRITE-TED sensor is well described
in research literature. Additional information required, were
reliable measurements of the complex and the weather con-
ditions for April 19, 1993, which was available to the inves-
tigation. The parameters incorporated in the model were the

Fig. 3. A simplistic 3D model of the complex (left), [m],
seen from above, which has been oriented towards north and
incorporates the bearing to the sun (right).

aircraft’s position relative the complex, theaircraft ground
speed andwind strength, heading and variations at altitude.
The time was set within the model based on the time infor-
mation in the FLIR images and on the audio channel and the
reliable frame rate of the video standard.

By reconstructing the FLIR sensor position for three
two-minute sequences, it was seen that the aircraft ground
speed (GS) varied for the turns, see figure 4. This provided
verification that the FBI Nightstalker circular movements
had varied both in altitude and distance relative to the com-
plex. The strong wind probably caused the FBI Nightstalker
to drift off from an ideal path and thereby caused the vari-
ation in positions of the aircraft relative to the Branch Da-
vidian complex. The variations in aircraft altitude are real-
istic altitude variations in such weather conditions. The FBI

Fig. 4. FBI Nightstalker circular movements relative to
the complex at 10:55:23 –10:57:57 (dark grey), 11:34:20
– 11:36:18 (light grey) and 11:58:30 – 12:00:46 (black).

Nightstalker ground speed was calculated from the recon-
structed data and varied between (120−200)±20 knots GS.
From reconstructing the FBI Nightstalker’sflight path it was
concluded that the position, altitude and ground speed of the
aircraft relative to the Branch Davidian complex have var-
ied significantly. This supported the solar specular reflec-
tion hypothesis and that the variation in FBI Nightstalker’s
flight path contributed to creating theflashes intermittent
appearance.

A 3D reflection model, based on the physical laws of re-
flection, formed the basis for comparison of theflash geom-
etry. One simple way to model light reflection components,
widely used to create lighting effects in virtual images is
seen in equations 1 and 2. In this simplistic reflection model
of one light reflection, the intensityI, of a pixel at column
x, row y and timet summarizes the reflection components
of a light source; ambient, diffuse and specular reflection
components.

I(x, y, t) = Iambient(x, y, t) + (1)

[Idiffuse(x, y, t) + Ispecular(x, y, t)]

I(x, y, t) = Ia(x, y, t)Ka + [Ii(x, y, t) (2)

∗Kd(L • n) + Ii(x, y, t)Kscos
gφ]

Ii is the intensity of the light source.Ka andKd are sur-
face reflection component.Ks is a color-independent spec-
ular coefficient. The angleφ represents the observerV off-
set from the reflection rayR. L is the direction to the light
source,n the surface normal andL • n denotes the scalar
product. g is the materials reflection component and the
factorcosgφ describes how the observation angle affects the
intensity of the specular reflection component. The angleθ



represents the angle of the reflection, which depends on the
substance of the surface among other factors. This reflection
model defines the intensity of image pixel values for an il-
luminated object as a function of the position of the camera
and the intensity contributions from ambient, diffuse and
specular reflections, see figure 5. If the ambient and dif-

Fig. 5. An illustration of the geometrical reflection model.

fuse components makes little contributions and if the fac-
tor g is high, which are assumed for theflashes, the model
can be further simplifiedI(x, y, z, ) = c1 + c2 cos

g Φ. The
direction of such a specular reflection ray is more or less
unique and determined by the orientation and properties of
the reflective surface. For the reconstruction Realviz Match-
Mover was used, which successfully recovers the camera
position from a set of images. In parallel, software was
developed based on the perspective projection model. The
results from the two methods were, however, very similar.
The relation between the duration of a specular solar reflec-
tion and the speed and position of the FBI Nightstalker was
also analyzed, utilizing the reconstructed data. The results
clearly showed that the majority, but not all, of theflashes
reconstructed geometry aligned very well to the model of
specular solar reflection. Specular solar reflections are un-
likely to appear in the far IR spectral range, but the condi-
tions were a bit special that day as there were lots of de-
bris and broken glass from the demolished building. In all
probability, the air was filled with ”reflection cones” and the
aircraft sometimesflew through such a solar specular reflec-
tion and sometimesflew beside the same reflection.

4. DISCUSSION

The main focus of this part of the investigation was to re-
construct theflash geometry, with special reference to the

problem of representing small objects, considering the spe-
cific imperfections of the FBI Nightstalker FLIR system.
The image analysis confirmed that the analyzedflashes were
specular solar reflections or similar kinds of heat reflections
from single or multiple objects. However, this conclusions
were based on several additional parts of the investigation.
In the case of alleged gunfire, it is reasonable to assume
that persons would have to be present to fire the subject
weapons. After a careful analysis of the areas surrounding
theflashes and careful tracking of movements of any type
of objects near theflashes, it was concluded that no human
type movement or activity occurred near any of theflashes.
Moreover, the FLIR- and video recording system induced
image distortions, which affected several of theflashes seen
on the FLIR images. Theflashes elongated shape is an ex-
ample of this. It was concluded that the FLIR system could
distort the image representation of small objects such as the
flashes. The results from this investigation were also con-
firmed by conducting an experiment and also by analyzing
the video recordings from aflight trail conducted on March
18, 2000, Fort Hood, Texas, U.S. Theflashes from the Waco
videotapes were not similar to the gunfire seen on the Fort
Hood videotapes, but similar to theflashes caused by so-
lar specular reflections on the Fort Hood videotapes. Due
to the many contradictory conclusions by experts concern-
ing the cause of theflashes, reports, statements, videotapes
by Branch Davidian and government experts and related lit-
erature were reviewed. This review supported the results
from this investigation, as the gunfire hypothesis was found
to be based on several wrongful assumptions. For example,
it was based on wrongful assumptions regarding specular
reflection geometry, suffered from neglecting the FLIR sen-
sor characteristics and scanning mechanism and assumed a
constant airspeed and distance to the complex.

Finally, is was concluded that theflashes seen on the
FLIR videotape can not form evidence of gunfire.
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