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3D Modeling
at the Scene
of the Crime

Jim Ebert

When a prostitution
sting defendant filed

an excessive foree suit
and a witness stepped
forward with supporting
photographs, the city of
Alhuquerque’s defensive
position seemed tenuous
at hest. The photos were
ciearly arresting, but did
they really reveal a crime?
Geospatial technologies
and photogrammetric
techniques heiped to
illuminate the shadewy
details behind the
damning photos,
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hen Mr Friday (remember Dragnet?

We've changed the name to protect

his identity!) inappropriatcly proposi-

tioned an undercover police officer in
Albuquerque, New Mexice, in 1994, he set inte
motion a chain of events that would take years to
unfold.

As soon as nearby police officers participating in
the prostitution sting approached his small red eruck,
Friday realized his mistake and sped away.
Unfortunately for him, he pulled into a parcking lot
with only one exit. His getaway was quickly blocked
by twa police vehicles. He made yet another mistake
when officers ordered him out of his vehicle and he
instead rolled up his window — trapping the srm of
one of the officers who had reached in to try to remove
the ignition key. Aftcr a brief stroggle, the officers
managed to open the door and arrest the would-be
John.

What occurred during the few moments berween
the time police officers opened the truck door and
when they arrested the suspect became vitally impor-
tant months later when Friday filed an excessive force
complaint against the officers and the city of
Albuquergue. Supporting his suit was the facr thata
witness had come forward with photographs she
had taken of the incident. She alleged that her photo-
graphs showed Albuquergue Police Department
officers mistrearing the suspect. But did they?

What was really going on in the photos taken on
the scene? That’s the question the Albuquerque Ciry
Attorney’s office asked our firm, which specializes in
applying photographic and spatial data in legal cases,
to answer in 1998 as the city prepared its defense.

We knew that spatial relationships among objects
and people as well as liphting, visibility, and percep-
tion — in other words, the physical geometry of a
scene — can greatly alter a witness's perceptions and
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profoundly affect the court’s evaluation of whether
witness accounts are reasonable and believable (see
“What's So Spatial?” sidebar). o we set our to ana-
lyze the spatial faceors at play in the Friday case using
a combinatiorn of highly accurate site mapping,
photogrammetric measurement from the incident
photos, and three-dimensional mapping and modsl-
ing. We coupled the technology with the logic of a
forensic scientist and an investigator familiar with
police procedures and strategies.

Through the lens
We began our task by obtaining copies of the photos.
Even though they were snapped with an inexpensive
motorized 35-miliimeter camera, the photos are strik-
ing in regard to the scene they are alleged to portray,
They arc of technically poor quality, not because of
the way they were developed and printed {by a stan.
dard one-howr phote provider) but because they were
taken at 2 completely suboptimal angle into the sun.
The problems with the photos are further compounded
by light diffusion caused by dust in the air, Light flare
from the sun and its reflections on vehicles as well as
in the camera lens further degrade the photographs.
But puat yourself in the place of the
photographer, or someonc to whom
she was showing the photographs,
and you can almost see what she _ _
believed she had viewed through the CAL: Compuler-aided

cidant ara parhaps fortun-

imresﬂgators Guickly take photo-
R iﬁe wumt of mﬂdltmns and

lens of her tiny camexa. In Figure 1, drafiing

rl_u: officers crowd amgnd the driv.;!,-’s [.Pb .(_drm.'il Positioning 5 orocii o ;e,mm n mms ﬂw oh-
side of the truck, possibly cxtiactmg g ! s ek et
the suspect. A clond of dust rises as : “ mmmmed m,mmma, uhat

officers bend over something in front of them on the
ground {Figure 2). One of the officet’s arms appear
tor be raised as if he may be striking rhe victim. {This
motion is most apparent in the shadows,) The offi.
cers on the scene begin to rise in Figure 3 as a fourth

igts reconatruct the behavior
ry, digital -geospatial tech-
‘ hof a soene that remain
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ipts, it is-gver, Participants and
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FIGURES 1-3, At first
gtanca, the photographlc
evidance provided by these
Images seams to 2upport
the plaintifi*s claim of
abusa. Officers crawd
around the suspact's truck
(top}. Dust swirls as the
police hand over an object
{midttte} then risa as a
fourth officer enters tha
scene (bottom).
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FIGURE 1

FHRURE 2

FiGURE 3

officer enters the seene, Dust hanging in the air app-
arently indicates a scuffle. A casual viewer might
consider these photos to be compelling evidence in
support of a story about excessive force,

There just didn’t seem to be very much to go on
hased on the photos. One can’t really see anything
clearly. And that's actually quite commeon, since many
photos taken at forensically important scenss are
ambiguous. Unraveling them frequently requires a
forensic phorographic expert. That’s where our firm
came in.

On clasar imspaction. Our first step in evaluating the
photographs was to determine what we could extract
from the images. Because negatives were not avail-
able, we digitized the only existing 4 » 6-inch prints
and processed the resulting digital image files using
histogram adjustment and unsharp masking. Thesc
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technigues are widely used by gcientific and graphic
artists to adjust the focus, brightness, and contrast of
a digital image to optimally show details of interest.
As is 50 often the case with forensic scene photos raken

years befare, though, these technigues only shightly
increased the visibility of objects and actors in the -
scene, These photographs just wouldn't vield cnough

definition to tell us what the actors were doing, .

As we sat around brainstorming about the situa-
tion, someone complained about the shadows —
%If the sun weren’t behind our scene, we'd be able to -
see what was happening.” Suddenly it hecame appar-
ent that those shadows could be our allies, rather than
our adversaries. Shadows are cast by the interaction
between light and opaque objects — such as build-
ings, vehicles, and people. Shadows arc empitically
replicable if you have opaque objects and an illu-
mination source, The objects and the tluminarion
were long gone, but perhaps, we thought, we could
recreate all of that digjtaily.

This wasn't & totally unique avenue of reasoning,
because much of our forensic work depends on aceu-
rately reconstructing scenes of such incidents as fires,
explosions, and crimes. For instance, when a fire takes
place, sspecially a fatal fire, the plaindff hires an attor-
oey; who gets a couple of investigators. Each of them
investigates the scene and takes & few rolls of photo-
graphs. The plaintiff’s attotneys notify the defendant,
whose attorney sends out two more investigators,
each of whom takes three more rolls of film, By the
time we get involved, we have 200-300 photographs
t0 use for reconstructing a scene that's no longer there,
Uking photogrammetric and CAD rechniques, we can
precisely recreate the scene and the spatial relation-
ships of the “actors”— appliances and burn patterns
— at & fire scene,

In this case, though, all we had were three photo-
graphs and a scene — accurate and complete, except
for the a¢tors. We decided to ask some of those actors
— the police officers — to return to the scene for a
couple of hours, and it paid off.

Roturning to the scene of the crime

'On a hot, sumimer Albuguerque afternoon in 1998,

all of the officers who had been present at the inci-
dent pulted up, one by one, in their patrol cars. We
had obtained an “exemplar” red Toyota truck and
placed it where Friday’s pickup had been, as indicared
by the pbotes. At first, there was a lot of milling
around, giving us a chance to shoot photogrammet-
ric control points and get the outlines of the buildings

www.gaespatial-enling.com



and other landmarks aronnd the dusty parking lot
using a reflectorless total station. Soon, the officers
began to recall where they had stood in relation to
on¢ another at the dme the witness had taken the three
photographs, They took those positions.

Although four years had passed since the incident,
when we assembled the involved officers at the scene,
they immediately began to recall things that, in the
context of the casc, were very interesting. One of the
most intriguing facts was that the officers’ stories were
inconsistent. Their explanations of where they were
and what they were doing in those photographs were
frequently contradictory. Most concluded that they
just didn’t recall. Mevertheless, as they tried to agyout
their years-old behavior, some telling events occurred.
Just as we were finishing up our recnactment, one of
the officers decided to reholster his Asp, or collapsi-
ble tactical baton, by going down on one knee, cock-
ing his arm behind him, and striking the end of the
baton on the gronnd. His pose was oddly reminiscent
of something we had scen in the photos, yet not so.
It was kind of like a mitror image and it took ns a
while to figure out what it was. It was the “upraised,
striking fist” mirrored in the shadows.

The shadows ware the key. The low, oblique after-
noon sun that forged the patterns we were seeing in
the shadows in the gnapshots showed an odd mosaic
of dark — in fact nearly black — shadows interspersed
with keyholed bright spots where the sun shone
through. Where something stopped the sunlight, it
was dark. Where nothing stopped the sunfipht, it was
tight, "This binary pattern would reveal the locations
and identities of the actors in the scene.

Measuting the arfemtation. To model the shadows, it
was vitally important that we determine scene’s exact
position relative to the sun. Although we had mcas-
ured the details of the scéne — buildings, vehicles,
and people — during the reenactment using total
station surveying instrument, we now had to go back
to the site and use GPS and, believe it or not in this
technical day and age, a Brunton compass.

We teturned to the scene and measured the precise
ogientation of the scene’s layout. With differential cor-
rections, we achieved submeter-accuracy data. Using
the GPS data, we correlated the scene’s angle with the
sup’s angle at what turned out to be a solar tme of
almost exactly 3:00 PM on January 20, an angle that
pccurs only twice a year in eny geographic locarion.

Refining the buil#ings. Using the scene photos as a
guide, we measured three-dimensional points that
defined the corners of the buildings, as well as fence
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posts, trees, and other features around the parking
Jot, using a reflectorless total station that we were
beta testing. The toral station was ideal for measur-
ing control points such as the upper corners of the
structures and places where tree branches converged
20 feet above the ground —— places one would have a
hard time reaching with a reflector.

Back ar the office, we downloaded the data points
to a CAD program and produced a three-dimensional
basemap. We then vsed the dara points
in 3 convergent-axis photogrammerric
Mapping program to precisely determine
the camera’s coordinates when ¢ach of

the scene photos was snapped. In the  JUGt 28 We wWere

CAD program, we created the buildings
and other features as three-dimensional,

solid entitics in their exact hocations and  TINISHiING WP our

orientations.

. . ined three-
Modei cars. Next, we obtained thee- - papupaatment. one

dimensional models of the vehicles in the

photo from a data {ab. Although the police

vehicles were available as standard mod- Qf tha uﬂlcers

els, a Toyors unck stmilar to Friday's was
not, So, we took what the lab had and

modified it elightly, adding almost a foot ﬂ&ﬂidﬂd to l‘ehﬂlstﬂr

to the cab’s length.

And finalty, peaple. Knowing approxi- '“s Asp “is
L O B A

marely where each patticipant had been
during the event based on our reenact-

ment, we created three-dimensional dig- puse was uddlv

ital models of sach officer in his precise
location and stance. To do this, we used

posing software that models human and reminiscent of

snimal figures in every possible position

and stature. W did not attempt to repli- 30“‘3“““9 we had

cate clothing, police gear, footwear, or
other unique gear.

We combined the resulting digital offi- §pen in the phﬂtﬂﬂq

cers, vehicles, structures, and other details

of the scene in a three-dimensional CAD-

based map, Next, we assigned surface tex-

tures and rendered the entirc scene using

a software package that works within the CAD
program. This allowed us to represent the exact
views shown by the witness’s photographs.

Using the rendering sofrware, we checked the sun
angles against ephemeris dara from the National
Instituie of Standards and Technology. These data
provided the sun’s precise angle of illumination, which
we then used ro model the shadows at the precise
moment the scene photos were taken.
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The art of photogrammetry

Of course, even given the millimeter-level scene meas-

urements we had obtained, the precise locations of

the things thar weren't there when we did owr map-

ping were a problem. We moved individual officers’
positions about in small incre-
ments using the CAD program’s

Fﬂday! was “lﬂaﬂ'l '““ Solmove command, We con-
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ducted the same wperation on the

prﬂsﬂlﬂ when the velyeles in the scene. Anyone who

has wmied to replicare the positions
of objects in a phatograph by dig-

witness 100K her il modelisg, or cven physical

posing, knows how daunting it
{s to gee things just right. We

pho“,graphs' worked and worked, frustrated

by not haying any cmpirical

method for deciding just what
way 10 go. And then, suddenly, all of the angles and
the shadows were perfect,

ASPRY defines photogrammetry as “the science
or art of obtaining refiable measurements
by means of photographs.” The moment
when we got things just right, we demon-
strated the art aspeet of photogrammery.
At that very instant, we knew just where
everyone was standing —and where they
weren’t = when the withess roak the
photographs.

The readerings, which duplicay: Figates
2 and 3, were the basis of our analysis and
conclusions, We animated these render-
ings s¢ we could view each from the same
angle vhat the witness took het photo.
Then a viewer could smaathly pan aver
the tap o see what the scene and its
shadows looked like fram above,

Figure 4 shows the view modeled as
seen in the Figure 2 photo, Figure 5 is the
same model, with the same filumination,
viewed from directly above, When the
photo and the modeled image are com-
pared, the dark areas on the photo —
whete something was apparently block-
ing the senlight — would have been
caused by a physica} object between the
sun and the packing lot surface. This
means that, when the photo was taken,
the ahiect causitg the shadow muss have
beetr between the legs of the officers or
just behind them. The fgare {officer) with
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the arm extended back (most likely cloging his col-
lapsible baton) would have been in front of whoever
was blocking the sun. In other words, the purporred
victizs would have been behind the officers,

In the modeled version duplicating Figure 3, the
situation is similar. Figure 6 is a mode} at the syme
angle as the wimesss phote shown in Figure 3. Figure
7 shows that scene from directly above, The light that
shines under the participants and vehicles reveals that
the only possible place any abscuring body could have
been is, again, behind the bent-over officers —a very
unlikely place for their supposed victim to have heen
lying down. In both models, there Liverally isn’t enough
space for anyone to have been Jying in front of the
bent-over and crouching officers, by the side of the
white, unmarked police ¢car.

In shott, our accurate reconsiruction and model-
ing af the locations of structures, vehicles, snd pat-
ticipants based on shadows substantiated tha the sub-
ject, Friday, was clearly not present when the witness
took her photoptaphs. We could only conjecture as

FIGIIRE 3
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tawhy the witness thoughe she saw a beating perpe-
trated by police officers. Perhaps it was because, dor-
ing the entise course of the supposed incident, she was
squinting through the tiny viewfinder of her inex-
pensive camera and, b the final analysis, conldn’t
really see what was taking place.

What the officers were really doing when the wit-
ness snapped her photos is another question we will
niever be able to answet: During our reenactment, none

. of them could really cxplain or recall — looking at

something on the ground, perhaps? All agreed it
seeme reasonable that Friday was already restramed
and in a police vehicle when the phovographs were
taken. The photas do naot show Friday being abused.
In fact, they don’t show him at all.

Thr court threw out Friday’s lawsuit.

Manifaciurers

To modet the shadows in the infamous crime scene
photos, Ebert & Associates {www.eberr.com) mapped
the site using 2 Trimbie (www.rrimble.com) TT5-500

reflecrorless total station. They returned to the scene
of the crime and documented GPS positions using
a Sokkla (www.sokkia.com) Spectrum receiver. They
imported the spatial data, the animated people
created using Poser Software from MetaCreations
(www.metacreations.com) and the vehicle models
from Viewpoint Labs (www.viewpoint.com) into

" Autodesk’s (www.autodesk.com} AutoCAD, They

used PhotoMadeler and Accnrender to create three-
dimensional nodels of the scene. ®

FIGIMES 2-7 The finat output of the photo
interpiretation was an animated series that rerdered
aach of the photographs as & geovetarenced, thrae-
dimensional, digital reconstruction, complets with
shadows baged on the sun’s angle and posttion

at the time of the incidant. Figure 4 is a motal of
photographic Figura 2. Figure 5 is the same model as
Figure 4, bt 43 seen from above, Figure & replitalss
the photograph shown in Figure 3 from the =ame
angle ax the witness ghoto, whilte Figure 7 shows
that scene fron above,

FIGURE 4
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