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1. Introduction

For many years, the Advanced Munitions Concepts Branch of the U.S. Army Research Labora-
tory’s (ARL’s) Weapons and Materials Research Directorate has been producing trajectory heading
histories for flight experiments of developmental projectiles using data telemetered from strap-
down optical and magnetic sensors (Hepner & Harkins, 2001). U.S. Patent 638155, Projectile
Orientation In Navigation TERms (POINTER), was awarded in June 2002 for the design of a con-
stellation of optical and magnetic devices and a processing methodology that provides a solution
for the projectile pitch and yaw angular history. The POINTER solution is obtained from the
simultaneous solution of a system of equations describing respective sensor output as functions of
projectile orientation. Because one of these equations is quadratic, there are two possible solutions.
This ambiguity usually is easily resolvable by the analyst when s/he is post-flight processing the
data. However, automated and on-board processing sometimes cannot identify the correct solution.
An alternate set of simultaneous equations that yields a unique POINTER solution has been identi-
fied and is presented herein.

The “legacy” POINTER solution is reviewed in sections 1 and 2 before we proceed to the develop-
ment of the new POINTER solution in sections 3 and 4.

2. Solving for Projectile Heading: Generalized Solution

The center of motion and the principal axis of rotation, i.e., the spin axis, of a three-dimensional
freely flying solid body are described within a Cartesian coordinate system with the use of three
variables denoting location and two variables defining angular orientation. The derivative of the
location with respect to time is commonly referred to as the velocity vector, v . For a symmetric,

spinning body, the navigation pointing vector, P, normally is coincidental with the principal axis
of rotation. The rotation rate of the body about this axis is commonly called the “spin rate”. The
Eulerian heading variables psi () and theta (&) are used to denote the two angular components of
azimuth and elevation required to orient the body principal axis of rotation within a right-handed
Cartesian navigation system. The principal axis of rotation of a spinning body is often not co-
linear with the velocity vector. In such cases, an orientation time history estimated from deriva-
tives of location variables does not provide an accurate measure of the navigation pointing angles
of the flight body. With the combination of body-fixed sensors’ measurements of the included
angles between the axis of rotation and two distinct earth-fixed fields and knowledge of these
fields’ orientations in the navigation coordinate system, yand @ can be determined. Thus, a
pointing angle time history can be generated.



The parameters just described are all seen in figure 1 where a projectile with its pointing and
velocity vectors is shown in an exemplary right-handed coordinate system along with two

N

representative field vectors of known orientation, ¢, and ¢, . The included angles between the

spin axis and the two field vectors (o1 and o») and the azimuth () and elevation (&) heading
angles are also shown.

p

Figure 1. A spinning body within a convenient navigation coordinate system.

Let the unit vectors P, F,, and F, along P, El , and FZ be defined within the navigation (X, Y,

Z) system as

17 (le ' FlY ' Flz) 1)
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The components of P are obtained from the simultaneous solution of the system

P e F, =cos(o,)
PeF, =cos(c,) 2)
P|=1

where the field vectors (F,, F,) and the included angles (o1, o) between B and the respective

field vectors are known, estimated, or measured. This methodology is termed POINTER (U.S.
Patent 6398155, June 4, 2002, Harkins & Hepner) and has been successfully employed on



telemetered data from numerous inventory and developmental projectiles instrumented with solar
and magnetic sensors in flight experiments conducted to characterize projectile dynamics (Davis et
al., 2004; Harkins, 2003).

3. Solving for Projectile Heading: The Legacy POINTER Solution

Angular navigation parameters are most often described in an earth-fixed Cartesian coordinate
system. Given a convenient navigation coordinate system (e.g., north, east, down) and an arbitrary
location L = (L, Le, Ld), let the unit vector from L to the sun be S = (S,,,Se, Sy ) and the unit

vector from L along the magnetic field be M =(M,,M¢,My ). Unfortunately, the angular vari-

ables in the system of equations 2 describing heading usually are non-separable in this coordinate
system. In order to obtain the projectile heading angles, the vector along the projectile axis must be
derived in a computationally convenient coordinate system and then transformed into the navigation
coordinate system.

Consider a Cartesian coordinate system (A,B,C) with its origin at L, its +B axis along the solar
vector, its A axis so that the local magnetic vector is in the half-plane containing the B axis and the
+A axis, and its +C axis pointing in the direction that a right-hand threaded screw advances when
its head is rotated from +A to +B (figure 2). This system will be referred to as the “solar” system.

F'S

+B

+C

Figure 2. The “solar” coordinate system.



With the angle between S and M designated as p, the mappings of the axes of the solar system
to the navigation system are given by

(0,1,0)s - (S,.S..Sy) 3)
(0,0,2) — (M xS )/sin p 4)
(1,0,0)s — § x (M = §)/sin p] (5)

where p = cos‘1(§ oM ) Evaluating the cross-products in equations 4 and 5 yields expressions for
the components of the respective mappings

I\ﬁxgz(l\/lesd_MdSe'MdSn_MnSd’MnSe_MeSn) (6)
~(0,0,1)g > (MeSg ~MgSe, MgSp =M Sq, M Se —M,S,, )/sin p 7)
Sx (M x§)=Sx(M,S, —M,S,, M,S, —M,S,,M,S, - M,S,)
(8)
Se(MnSe - Mesn)_sd(MdSn - IVInSd )’
= Sd(MeSv_MdSe)_Sn(MnSe_Mesn)1
Sn('vldsn _Mnsd)_se(MeSd _MdSe)
Mn(se2 +sd2)—snse|\/|e ~S,SqMy,
- (1,0,0)5 - |v|e(sn2 +sd2)—snse|v|n —SeSqMy, sin p (9)
Md(8n2 +:~:ez)—snsd|v|n —S¢SgMg

Any vector defined in the “solar” system, V = (v,, Vg,V ), can be transformed to its representation

in the navigation system, Vi = (v, Ve,

Vi

Vg ), by

by, b,
=[hy Ly b |Vs (10)
%)

where



2 2 ;

trg = (Mn(Se? +Sq2 )~ SnSeMe — SnSyMg Jsin p
t1o = (Me(8n2 +sd2)—snse|\/|n —S¢SqMy )/sinp
ty3 = (Md (sn2 +sez)—snsd M, — SeSq Me)/sinp

tr1 =3y
o2 =Se (11)
ty3 =3y

t31=(MeSg —MgSe)/sin p

t32 =(MgSp —MpSq)/sin p

t33 =(MpSe —MeSp )/sin p
Given solar aspect angle (os) and magnetic aspect angle (owm) histories derived from solarsonde
and Magsonde reductions (Hepner & Harkins, 2001), these data should be interpolated onto a

common time base. Then, at every time step, the components of a unit vector (P) along the
projectile spin axis can be readily determined in the solar system (see figure 3).

Figure 3. Components of the projectile pointing vector in the “solar” system.

coso, =(0,1,0)e (P,,P,,P.)=P, (12)

cosa,, = (sin p,cos p,0)e(P,,P;,P.)=P,sinp + P, cosp (13)



_ C0so,, —C0ST, COSp

by substitution, P, _ (14)
sin p
P.=+1-P’ P’
? (15)
_ i\/1_0032 ol _[COSJM cos o cos,oj
sinp
2 _ 2 2
or P. = i\/sin2 o _(COS Oy —2C0S0y COS_UZS COS p +COS” o5 COS p} (16)
sin” p

The sign ambiguity of Pc is usually easily resolved with knowledge of the initial navigation orien-
tation (e.g., launcher orientation).

Finally, with equation 10, the components in the navigation system of a unit vector along the pro-
jectile axis of rotation are given by

t11 Ho N3
(Pn,Pe.Pg)=|ta1 to2 t23|(Pa.Pg.Pc) (17)
t31 t3p t33

and the corresponding heading angles by

_ P
6 =tant % where —7/2<60<7x/2 (18)
\/iPn + P ’
w=tan*(P,/P,) where —z<y<zx (19)

4. Coordinate Transformations With the Use of Euler Angles

Formulation of the inertial navigation problem for gun- and tube-launched projectiles requires the
use of multiple coordinate systems. Trajectory time histories are best described in an earth-fixed
coordinate system with its origin at the launcher. Of necessity, strap-down sensor measurements
are made in a flight-body-fixed coordinate system, and target locations are most naturally described
in another earth-fixed system.

The first coordinate system is right-handed Cartesian (I, J, K) with its origin at the launch site.
This will be referred to as the “earth-fixed” system and the axes are defined by

e The I and Jaxes, which define a plane tangential to the earth’s surface at the origin.



e The Kaxis, which is perpendicular to the earth’s surface with positive downward, i.e., in
the direction of gravity.

e The laxis, which is chosen so that the centerline of the launcher is in the I-K plane.

Down-range travel is then measured along the I axis, deflection along the J axis (positive to the
right when one is looking down range), and altitude along the K axis (positive downward) (see
figure 4).

Earth-fixed and Navigation Systems Body-fixed System
- i ":._:__. &
I
vJ v K/d
K/d 1s into the page J 1s out of the page i into the page

Figure 4. Coordinate systems.

The second system is convenient for aeroballistic computations of rigid projectiles’ flights and for
describing the locations and orientations of such projectiles’ components. This system is right-
handed Cartesian (i, j, k) with its origin at the center of gravity (c.g.) of the flight body. For rota-
ting flight bodies, the projectile-fixed coordinate system usually has its i axis along the projectile
axis of symmetry, i.e., the spin axis (with positive in the direction of travel at launch). The jand k
axes are then oriented so as to complete the right-handed orthogonal system (figure 4). Spin (p),
pitch (g), and yaw (r) rates are measured about these axes. This will be referred to as the “body-
fixed” system.

The third coordinate system (n,e,d) is commonly employed to specify locations on or near the
earth’s surface, i.e., north, east, and down. This will be referred to as the “navigation” system.

The earth-fixed and body-fixed coordinate systems are related through an Euler rotation sequence
beginning with a rotation of the earth-fixed frame about the K axis through the yaw angle . The
system is then rotated about the new J’ axis through the pitch angle 6. Finally, the system is ro-
tated about the i axis through the roll angle ¢. The two systems are related by the direction cosine
matrix (DCM), Tgp, With the subscript denoting earth fixed to body fixed. This transfor-mation
matrix is



Ty =[€,85=5,C5 S,55+C,Cs CoS; |, (20)
C,5Cs+5,5 5,5C;—C,S; Co,

where c, is cos(e), and s, is sin(e). Figure 5 shows both the earth-fixed and the body-fixed
coordinate systems and the Euler angle relations between them. Transformations between any
two right-handed Cartesian systems can be similarly defined with appropriate values for the Euler
angles.

Figure 5. Earth-fixed and body-fixed systems and the Euler angle rotations.

5. Solving for Projectile Heading: A Unique POINTER Solution

In section 3, it was shown that the angular variables describing projectile heading can be made
independent and therefore separable in an appropriate coordinate system. In section 4, it was
shown that transformation between two similar Cartesian systems is described by the Euler rotation
sequence. With the choice of a suitable coordinate system, these two characteristics are combined
to achieve a system of equations whose simultaneous solution is unique. This “computational”
coordinate system is somewhat similar to the “solar” system of section 3 and is shown next. This
coordinate system (I¢, Je, Kc) has its origin at the projectile c.g. It is oriented so that the unit vector
to the sun (S) is located along the —K axis; a unit vector (M ) along the local magnetic vector is in

the half-plane containing the K. axis and the +I axis, and its +Jc axis is pointing in the direction
that a right-hand threaded screw advances when its head is rotated from + K¢ to + I (figure 6).



v

Figure 6. The “computational” coordinate system.

With the angle between S and M designated as p, the mappings of the axes of the computational
system to the navigation system are given by

(0,0,-1)¢c — (Sp,Se:Sq) (21)
(0,1,0)c — (N xS )/sin p (22)
(1,0,0)c — S x( (M x§)fsin p) (23)

where p = cos_1(§ oM ) Proceeding as in section 3, the components of the respective mappings

are
(0,0)¢c = (=Sp,—Se,=Sq) (24)

(0,10)c = (MSq —MySqy, MySq —MSq, MSq —MeSq )/sin p (25)

Mn(Se2 +sd2)—snse|\/|e ~S,SgMy,

(L,0,0)c - |\/|e(snz+sd2)—snse|\/|n ~SeSqMy, sin p (26)

|\/|V(sn2 +se2)—snsd|v|n —S¢SqM,



Thus, any vector defined in the “computational” system, V¢ = (v,C Vi VK, ) can be transformed

to its representation in the navigation system, Vi = (v,,Ve,Vq ), by

t1,1 ,
VN :TCN Vc = t2,1 t2,2 tz,s Vc (27)
t

where
S, +5,)-S,5,M, —SnSdMV)/Sinp

S 2+Sez)—SnSdMn—SeSdMe)/sinp

n

1= (M
2= (M. (8,2 +8,7)-,5.M, —SeSdMV)/Sinp
1= (My
=(M,S, -
(
(

M,S, —M,S,)/sin p

tzy2 =( M{S,-M,S,)/sin p (28)
t,;=(M,S,—M,S,)/sin p

t,, =S,

t,, =S,

t,; =S,

Continuing as before, solar aspect angle (os) and magnetic aspect angle (ow) histories derived
from solarsonde and Magsonde reductions should be interpolated onto a common time base.
Then, at every time step, the components of a unit vector (Pc) along the projectile spin axis can

be determined in the computational system (see figure 7).

As before, equations for the solar and magnetic aspect angles lead to solutions for two of the
pointing vector components.

cosog =(0,0-1)(P,_,P, P )= Py (29)
cosoy = (sin ,o,O,—cos,o)o(P|C P3Py, )= P_sinp—Pg_cosp (30)
- COSopy —COSTg COS
by substitution, p =M TEROs B P (31)
¢ sin p

A solution for the third component follows from the equations for the Euler sequence necessary
for transformation from the computational system to the body-fixed system as shown in figure 8.
The transformation matrix from the computational system to the body-fixed system is given by

equation 20, mutatis mutandis.
N Sgcb

7 sgcb S¢cb + C'// bC¢cb Cecb S¢cb (32)

7 ¢cb SV/cb Sgch C¢cb CV/ch S¢cb Cgcb C¢cb

C S C
Ve Gy Veo Gy

TCb = C SH bs¢cb SV/ bc¢cb S

C S6’ch¢Cb +S

10
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Figure 7. Components of the projectile pointing vector in the “computational” system.

Figure 8. Computational and body-fixed systems and the Euler angle rotations.
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In particular, the unit solar vector, S, and the magnetic field vector, M. = M (]rﬁc|), are mapped,
respectively, into the body-fixed system by

Si Cye Cor, Syey Cotcy ~ S,
Si 17| Che S5t ~SvaCin  Sve S Sk T CaCihy  CanSa, || O (33)
Sk) (a8 TS5 Sver S0l ~ CanSitn  CinCi )\ 1
m. C,..Co., S,.Ca. — Sy, sin(p)
M 1= CresSomSks ~ SveCs  SvenSee St ¥ Cey O oSty o |(jme]) @4
m, CponS0Cits T SveShs Sver S0 Cits — CvenSaw  Co Cay )\ — €OS(0)

By inspection of figures 7 and 8, it is seen that &, = 90 — os. For a calibrated tri-axial magne-
tometer whose axes are parallel to the body-fixed system, equation 34 gives the output of the
respective axes. The spin-axis-aligned magnetometer’s output is

m; =c,_c,.sin(p) (|Mc|)+s,, cos(o) (|mc|) (35)
Rearranging terms yields wep = cos mi —59%' COS(p)ﬁ(|mC|) (36)
Cg,, Sin(p) (|mc|)

Because cos(y) = cos(—y), the correct polarity of ywc, must be determined before we can proceed.
Since the optical detectors in the solar measurement system are essentially binary devices that have
zero output when not aligned with the sun and unit output when aligned, continuous values for S;
and S are not available!. However, any optical detector whose field of view is coplanar with the
projectile spin axis provides a roll angle (¢cp) index when aligned with the sun. Typically, there
are two such detectors oriented along the +k and —k body axes. If we consider the +k-oriented
detector when it is aligned with the sun, it follows from equation 33 that ¢c, = 180°. With equa-
tion 34 for the corresponding values of either m; or my at this time, the correct polarity of ycp is
identified. After this polarity has been determined, it needs only to be rechecked if and when
lcos(yey)| > 1.

With the correct value of ycy, in hand and observing from figures 7 and 8 that tan(t//Cb): Py. P,

we compute
Py, =tanlycy ) Pr_ (37)

Finally, with equations 27 and 28, the pointing vector in the navigation system is uniquely given by

|3N =TCN |3C (38)

LIf continuous tri-axial measurements with respect to two earth-fixed fields are available, the possibility of com-
puting Euler angles in multiple ways using different combinations of the sensor output can be exploited to identify
and correct for individual sensor corruption and/or failure (Jagadish & Chang 2007).

12



Elevation and azimuth in the navigation system are then computed with equations 18 and 19,
respectively.

6. Summary

A system of equations relating strap-down optical and magnetic sensor output and projectile
heading have been identified whose simultaneous solution uniquely identifies the projectile
azimuth and elevation. This represents an improvement of an earlier formulation that led to an
ambiguous solution. With a unique solution available, the possibility of on-board and automated
computation of projectile heading is opened. This should be attempted as soon as practicable for
test and evaluation purposes.

For the future, there are a number of potential alternatives to the solar field measurements
discussed herein, which when successfully realized, will enable a tactical implementation of a
POINTER system using low-cost sensors.
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ATTN AMSRD AAR AEP S C PEREIRA
BLDG 192

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEM L
M LUCIANO
G KOLASA M PALATHINGAL
D VO A MOLINA
BLDG 65S
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEM L R CARR
BLDG 1

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEM L JSTRUCK
BLDG 472

PICATINNY ARSENAL NJ 07806-5000
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1

CDR US ARMY TACOM ARDEC
ATTN SFAE SDR SW IW B D AHMAD
BLDG 151

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC

ATTN SFAE AMO CAS EX C GRASSANO

BLDG 171A
PICATINNY ARSENAL NJ 07806-5000

PRODUCT MANAGER FOR MORTARS

ATTN SFAE AMO CAS MS G BISHER
P BURKE D SUPER

BLDG 162 SOUTH

PICATINNY ARSENAL NJ 07806-5000

PRODUCT MANAGER FOR MORTARS
ATTN SFAE AMO CAS MS J TERHUNE
BLDG 354

PICATINNY ARSENAL NJ 07806-5000

CDR US AMRY TACOM ARDEC
ATTN SFAE AMO CAS R KIEBLER

M MORATZ A HERRERA
BLDG 171A
PICATINNY ARSENAL NJ 07806-5000

CDR NAVAL SURF WARFARE CTR
ATTN G34 M TILL G34 HWENDT
G34 M HAMILTON

G34 S CHAPPELL
17320 DAHLGREN ROAD
DAHLGREN VA 22448-5100

CDR NAVAL SURF WARFARE CTR
ATTN G34 JLEONARD

G34 W WORRELL

G34 M ENGEL
17320 DAHLGREN ROAD
DAHLGREN VA 22448-5100

CDR NAVAL SURF WARFARE CTR

ATTN G61 E LARACH G61 M KELLY
G61 A EVANS

17320 DAHLGREN ROAD

DAHLGREN VA 22448-5100

CDR OFC OF NAVAL RSCH
ATTN CODE 333 P MORRISSON
800 N QUINCY ST RM 507
ARLINGTON VA 22217-5660



NO. OF

COPIES ORGANIZATION

1

DIR NAVAL AIR SYSTEMS CMD
TEST ARTICLE PREP DEP

ATTN CODE54 RFAULSTICH
BLDG 1492 UNIT 1

47758 RANCH RD

PATUXENT RIVER MD 20670-1456

CDR NAWC WEAPONS DIV
ATTN CODE 543200E G BORGEN
BLDG 311

POINT MUGU CA 93042-5000

PROGRAM MANAGER ITTS

PEO-STRI

ATTN AMSTI EL D SCHNEIDER
C GOODWIN

12350 RESEARCH PKWY

ORLANDO FL 32826-3276

CDR US ARMY RDEC

ATTN AMSRD AMR SG SD P JENKINS
AMSRD AMR SG SP P RUFFIN

BLDG 5400

REDSTONE ARSENAL AL 35898-5247

DIR US ARMY RTTC
ATTN STERT TE F TD R EPPS
REDSTONE ARSENAL AL 35898-8052

ARROW TECH ASSOCIATES
ATTN W HATHAWAY

1233 SHELBURNE RD STE 8
SOUTH BURLINGTON VT 05403

ALLIANT TECHSYSTEMS

ATTN A GAUZENS JMILLS
B LINDBLOOM E KOSCO
D JACKSON

PO BOX 4648

CLEARWATER FL 33758-4648

ALLIANT TECHSYSTEMS
ATTN R DOHRN

5050 LINCOLN DR
MINNEAPOLIS MN 55436-1097

ALLIANT TECHSYSTEMS

ATTN GPICKUS FHARRISON
M WILSON (3 CYS)

4700 NATHAN LANE NORTH

PLYMOUTH MN 55442

17
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8

ALLIANT TECHSYSTEMS
ALLEGANY BALLISTICS LAB
ATTN S OWENS C FRITZ JCONDON
B NYGA
JPARRILL M WHITE
S MCCLINTOCK KNYGA
MAIL STOP WV01-08 BLDG 300
RM 180
210 STATE ROUTE 956
ROCKET CENTER WV 26726-3548

SAIC

ATTN JDISHON

16701 W BERNARDO DR
SAN DIEGO CA 92127

SAIC
ATTN JGLISH JNORTHRUP
G WILLENBRING
8500 NORMANDALE LAKE BLVD
SUITE 1610
BLOOMINGTON MN 55437-3828

SAIC

ATTN D HALL

1150 FIRST AVE SUITE 400
KING OF PRUSSIA PA 19406

AAI CORPORATION

M/S 113/141

ATTN C BEVARD

124 INDUSTRY LANE
HUNT VALLEY MD 21030

JOHNS HOPKINS UNIV

APPLIED PHYSICS LABORATORY
ATTN W D’AMICO K FOWLER
1110 JOHNS HOPKINS RD
LAUREL MD 20723-6099

CHLS STARK DRAPER LAB
ATTN JCONNELLY JSITOMER

T EASTERLY A KOUREPENIS
555 TECHNOLOGY SQUARE
CAMBRIDGE MA 02139-3563

ECIHII LLC

ATTN R GIVEN JSWAIN
BLDG 2023E

YPG AZ 85365



NO. OF

COPIES ORGANIZATION

1

17

GD-0OTS

ATTN E KASSHEIMER
PO BOX 127

RED LION PA 17356

ALION SCIENCE
ATTN P KISATSKY
12 PEACE RD
RANDOLPH NJ 07861

ABERDEEN PROVING GROUND

DIRECTOR US ARMY RSCH
LABORATORY

ATTN AMSRD ARL CI OK (TECH LIB)
BLDG 4600

DIRECTOR US ARMY RSCH

LABORATORY
ATTN AMSRD ARL SG
T ROSENBERGER
BLDG 4600
DIR USARL
ATTN AMSRD ARL WM BA D LYON
T BROWN E BUKOWSKI
JCONDON B DAVIS
R HALL T HARKINS (5 CYS)
D HEPNER G KATULKA
T KOGLER P MULLER
B PATTON P PEREGINO
BLDG 4600
DIR USARL
ATTN AMSRD ARL WM BC
P PLOSTINS
B GUIDOS P WEINACHT
BLDG 390
DIR USARL

ATTN AMSRD ARL WM BD M NUSCA
JCOLBURN T COFFEE
BLDG 390

DIR USARL
ATTN AMSRD ARL WM BF

W OBERLE A THOMPSON
BLDG 390

DIR USARL

ATTN AMSRD ARL WM MB
JBENDER W DRYSDALE

BLDG 390

18
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2

DIR USARL

ATTN AMSRD ARLWM T B BURNS
ATTN AMSRD ARL WM TC R COATES
BLDG 309

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEF T

R LIESKE JMATTS

F MIRABELLE J WHITESIDE
BLDG 120

CDR ABERDEEN TEST CENTER
ATTN CSTEDTCATTDB

K MCMULLEN

CSTEDTC AT SL B D DAWSON
BLDG 359

CDR ABERDEEN TEST CENTER

ATTN CSTE DTC AT FC L R SCHNELL
J DAMIANO

BLDG 400

CDR ABERDEEN TEST CENTER
ATTN CSTEDTC AT TD S WALTON
BLDG 359

CDR USAEC
ATTN CSTE AEC SVE B D SCOTT
BLDG 4120



