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Off-Center-Frequency Analysis of a Complete Planar
Slotted-Waveguide Array Consisting of Subarrays

Jacob C. Coetzedember, IEEEJohan JouberMember, IEEEand Derek A. McNamare&senior Member, IEEE

Abstract—An iterative procedure for calculating the off-center- ~ of wider slots and special slot geometries [8], and the reduction
frequency performance of a complete planar slotted-waveguide of the number of slots in waveguide sections through the use
array, which consists of an arbitrary number of subarrays, is ot gparrays [2]. In [2], guidelines for the expected bandwidth
presented. The analysis includes the effects of the coupling slots. ts that be obtained by limiting th b i
from the main feed lines to the branch line guides, as well as Imprqvemen S tha _may e_o aine y imiting the num_er 0
the effects of RF manifolds, power slitters, or comparators used SIOts in any waveguide section are provided. However, this data
to distribute the power from the antenna input to the multiple is only approximate and does not take specific array geometries
subarray main lines. The procedure is applied to a large planar into consideration. Slotted-array seeker antennas also make use
array for which dimensions have been obtained from an accurate of subarraying, where a monopulse comparator network effec-
metrology exercise. Good agreement between the predicted andt. v feeds th 'f drants of th t ither in-oh
measured performance of the array is demonstrated. Ively teeds g our quadrants of the antenna either in-phase Qr

out of phase with respect to each other [4]. An accurate analysis
procedure would thus be useful for the prediction of the perfor-
mance of monopulse arrays, and also in quantifying the effects
that the implementation of subarraying have on the frequency
I. INTRODUCTION performance of a planar array.

SIC_OTTED-WAVEGUDE arrays find wide application in Hamadallah [9] proposed an analysis technique that is suit-

ommunication and radar systems that require narro@ple for the theoretical calculation of linear slot-array perfor-

beam or shaped-beam radiation patterns, especially when Hiré?\nce parameters. An amended procedure, which includes the

power, light weight, and limited scan volume are prioritie§ ects of higher order internal coupling between slots, was de-

[1]-[4]. Resonant arrays of longitudinal slots in the broad Wa“eloped [10]. Neither of these procedures makes provision for

of rectangular waveguides have the added advantage of Vg}zinc.:lusion of the effects.of the. coupling slots between th.e
low cross-polarization levels. Design procedures for these ar< n I.|nes a}nd the brapch I|_ne guides of planar arrays. Details
rays are largely based on the work published by Elliott [5]—-[7 9r|.(c110|nghthls are ;?rowded in [11], but this procedure is only
The slot spacing of such an array is one-half guide wavelengf®' ‘;t,t e center requency. dure for the off ¢
at the design frequency, so that the slots are located at the" this paper, an iterative procedure for the off-center-fre-
standing wave peaks. They radiate broadside beams, andi4ffncy a_naIyS|s of a planar slotted-w_avegwde array consisting
radiators have the same phase. Planar arrays are impleme f':lrb|trary number of subarrays, is presented. The formu-
using a number of rectangular waveguides (branch line guidd@jion includes the frequency-dependent effects of the coupling
arranged side-by-side, while waveguides (main lines), Whiaj.pts, Whlch |s.not a trivial extensmp of the center—frgquency
are located behind and at right angles to the branch lines, ex&f@lys's' The mﬂuenge (_)f RF manifolds, power splltters,. or
the radiating waveguides via centered-inclined coupling slotg&omparators usedto d|str|bu_te Fhe power from the antenna input
These arrays suffer from severe bandwidth limitations, afg the mult|.ple suparray main lines, is also accountgd for. The
a usable bandwidth of a few percent is usually the norm. vafrocedure is applied to a large planar array for which dimen-

ious factors cause the off-center-frequency performance degis'> have been obtained from a metrology exercise, and very

dation. The frequency dependence of both the radiating s od agreement between calculated and measured pattern per-
mance is demonstrated.

properties and the coupling slot properties affects the excitati
of the individual radiators. Frequency variations also cause the
peaks of the standing waves to move significantly from the slot
locations, resulting in phase differences in the slot fields. Var-
ious efforts have been made to reduce these effects. Technigesseometry
to improve the bandwidth of individual radiators include the use

Index Terms—iterative methods, slot arrays, waveguide an-
tennas.

Il. THEORY

Consider a planar slot array consisting of a totabafubar-
rays. Thesth subarray shown in Fig. 1 consists of a totalfgf
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Fig. 1. Geometry of thath subarray.

slot length ofl, .. The anglé, . is taken as positive in a clock-
wise direction, as measured from the positivaxis. This cou-

pling slotis located between tlig ;th and the k, . +1)th radi-

ating slot of branch lineé. The termii, = u,% is the unit vector
in the direction toward the shorted end of the main line, so that

1747

slot offsets and lengths. The nonlinear equations are related to
the so-called design equations, given by [6]

slot
s,t,n

Yaen = Kifstn (1)
s,t,n
and [7]
1 1 1 M yslot 1
J
vt >y gt
Ystn yself (fS t n)2K2 . < Yslot 7 (fs t n)2K3
s,t.n 3ty 1 i )t
w ” J=1,j7#i
sltot L Vsltot "
5.t — s,t,n
’ 1/ slot hs,t,nh57t7n—l+ V/slot h57t7"h57t7n+1 .
s,t,n s,t,n

)

For the slot with local indexs, ¢, n) and global index, the slot
voltage is denoted ak?'", or V;°°*, while the corresponding
voltage on the equivalent network¥s ; ,.. The termy:°Y, =

y (x| L, 4 ) represents the normalized self-impedance
of this slot. It is calculated by applying a bivariate spline inter-
polation scheme on the precomputed slot data [12]. Both (1) and
(2) remain valid at frequencies other than the design frequency.
The termsy;;, fs ¢ n, andh,  ,, are given by [6] and [7]. For

the sake of completeness, and due to some differences in termi-
nology, they are repeated here:

u, = 41 for subarrays fed from the bottom and the top, respec- koL;/2
tively. Two distinct radiating slot indexing conventions are used: g;; = / cos(€;M0/2L;)

1) A local numbering system with a triple indéx, ¢, n)

denoting slotn in branch linet of subarrays. The slot

" » relative to the center line of
the branch line, and a slot length &f , ... Slots in a
branch line are numbered from left to right, irrespective of
whether the subarray is fed from the bottom (as in Fig. 1)
or from the top. The branch lines are numbered such that

has a slot offset of:°%

s, t,n

the line closest to the feeding end is denoted by1 and
the line at the shorted end of the main linethy 7.

2) A global numbering system with a single indeéx,The
slot with local index(s, t, n) has a global index of

s—1 T, t—1
1= E E Nu,t"_ E N57ru+n.
u=1l t=1 v=1

The complete array has a total number of

s

T
MY SN

s=1 t=1

slots.

B. Equivalent Circuit for a Branch Line

The equivalent network for branch lineof subarrays is
shown in Fig. 2, wherg®

s,t,n

—koL;/2
exp(—jkoRl)
k‘oRl

. {()‘O/ZLi) [ eXP(—jkoRa)}

k‘oRQ
koL:/2

+u—wmmﬁ/

—koL;/2
exp(—jkoR)
'COS(Si)\o/QLi)kO—R dﬁz} dg; (3
where
Ry =/(2; — 2 + (2 — 2) + (€/ho — Li/2)?
Ry = \J(w; = w0 +[(2 = 2) + (& /%o + Li/2))?
R= [z — 22 + (5 — 20) + Ei/ho — &/ko) (@)

and with(z;, z;) the coordinates of the center of tftl slot in
the global coordinate system. Furthermore

(m/kLs + n)cos(Brols t,n/2)
(w/kLs,1,n)* = (Bro/k)?
2(N/2L; ¢ n) coshl(cao/k)(KkLs ¢, n/2)]
(A/2L5,1,n)? + (20/k)?

-COS(ZWZ':EJL/CL) .

fs,t,n =

sin (Wx;’fft’ n/a)

hs, t,n —

®)

P10 andasg are the phase constant and attenuation constant of

is the normalized active admit- the TRy and Ty modes in the waveguide of width height

tance of thexth slot. The design procedure involves the repeatéd and filled with a dielectric material of permittivity,.. The
solution of a set of nonlinear equations in order to determine ttemsky and & are the wavenumbers in free space and in the
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Fig. 2. Equivalent transmission line network for ttte branchline of thesth subarray.

dielectric, while\g and X are the corresponding wavelengths. i 2 E
The constanté(;, K>, andK3 are defined by i E
K 1 2Zok ko i J;gfe’ i branch line ¢
Y7 ja/x \ no(Bro/k) (ka)(kD) N R
2 : 5t :
Ky =~ ! !
* T J(Buo/k) (kob)(a/A)? |
2(aa0/k) i i
= ————<exp(axd 6 ; :
* = 5B R) p(azo d) (6) o 1‘ !
main line s

where Z, is the arbitrary transmission-line characteristic

impedance of the model in Fig 2 Whi‘@ is the free-space Fig. 3. Crossed-guide coupler geometry for the main line okthesubarray
Lo T . h and thetth branch line.

intrinsic impedance. Although not explicitly stated in [7],

the application of image theory reveals that for branch lin
shorted at both ends, the terig'y"y, V2'%'y 1, hs. +,0, and

hs ¢, N, 41 In (2) are given by

A network parameters are referenced to the center of the cou-
pling slot.

Now consider the case where Ports 3 and 4 are terminated
in normalized admittancqéf’t) andyff’t). The corresponding

Vslot — _Vslot J; s — ]5 . - !
ot 21,0 S’lt’tl ta,t,0 = Mt 1 reflection coefficients are then given by
VSS? N ++1 :_Vss,?, Ns ¢ hs,t,Ns,t+1 = ht,Ns,w
’ ’ 1 _ (57 t)
F(s,t) _ Y3
3 14+ (s, t)
C. Equivalent Circuit for a Main Line U? B
Consider the crossed-guide coupler with inclination angle rist = 1‘# (10)
65+ and slot length, , as shown in Fig. 3. The length of the 1+ yis’ )
coupling slot is usually chosen to be resonant at the deSlgﬂerefore
frequency. However, at an arbitrary frequency, the slots are no '
longer resonant. With each port terminated in a matched load, al D =1§ Iy
the scattering parameters of the coupler become ais,t) :Fis,t)bis,t)' (11)
b(s,t) S(s,t) 1_ S(s,t) S(s,t) _S(s,t) o . . ) .

1 1 11 31 31 Substitution of (11) into (8) yields the equivalent scattering pa-
pse ) 1- s gt —g5it §it) rameters of the resulting two-port network, given by [13]
0N T s st st eSO | 0] [ sEOwRe 1osfl - Reo
oy -5t st 18 st o] [1-s - ReD ST 4 RO

(s, 1) (s,1)
a, a;
gt ' [a(“)] (12)
2 2
(5.0) (8)
as’ where
al”? R0
_(gtn\?
wheresﬁ’t) = 511(05,1,15,+) and S?(j’ V= Ss1(0s,¢,1s,t) - (531 )
may be calculated by performing an interpolation scheme on F:())s,t) +1“ff’t) _ 2F§S’t)1“f’t)

precomputed data. Using the general relation between the scat- -
tering matrix elements of lossless networEé;’ " is obtained
from

1_ ]-—\:())s,t)l—\is,t) - Ség,t)(rés,t) + Fis,t) - 21—\:(35,t)1—\is,t)) :
(13)

Re |:S(s,t):| _ gl gle ) The expressions for the scattering parameters in (12) imply that
3t o g) the terminated crossed-guides coupler may be modeled as a se-
5?()';7”* ries equivalent impedance, even at frequencies other than the

s,t
S?(,g ) =
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center frequency. The equivalent impedances shown in Fig. 4 f
may be calculated from d
(s,) s, t 6.T)
o) mg S BeY (14) z DTls,Ts
1- 55"~ Reb ,

At the center frequency, (14) reduces to the simple expression @
for 2> provided in [11].

D. Analysis of the Equivalent Circuits

Consider the equivalent circuit for branch lihef subarray
s, as shown in Fig. 2. For > k, ., the total normalized ad- d
mittance as seen from theh slot looking toward the right end

of the branch line is obtained from the following recursive for- 26" TI,,1

mulas: Fig. 4. Equivalent network for the main line of théh subarray.

yz?i,Ns,t :yg,t,NS,t - jCOt(ﬁlOdO) and

— Ysot, 1 €08(B10d) + j sin(Brod) v
s, t,n — JIs, t,n P el :
cos(Biod) + jys% 11 sin(Biod) uSSP(,;SL’t) (1_ng,t)) (1+ 1ﬂz(ks,t)) \/Z_o(ags’t) _ag&t))
B AR e v v e Py o o e s e e e PEYS
(15) 10§ — (50 (169 i) —arfOri?)

(20)

Similarly, forn < ks , the total normalized admittance as seen

from slotn and looking toward the left end of the branch IineThe voltages over the shunt elements in Fig. 2 are then given in

terms of those in (19) and (20) by

is given by
V?)(S:t)
Ut 1 = 4,1 — J cot(Brodo) Vo toko = cos(Brodo) + jui’t . , sin(Brodo)
Y =il 4 L1 COSProd) ¥ Jeinrod) L Veowss
b b cos(Biod) + jys% 51 sin(Brod) =81 Cos(Brod) + Jyt%t  sin(Brod)
n=2,3 ...k (16) n=(ks+—1), (kss —2),...1 (21)
and

The corresponding reflection coefficients as seen looking down V4(s,t)

the transmission line toward the left and right ends atthgh V¢ %, ,+1 =

Aot :
and the(k, , + 1)th slots, respectively, are then given by cos(Brodo) + Y571, k, 41 5 Prodo)

A7 _ V;,t,n—l
s,t,n — -~ Yot p
- 1— g%, cos(Brod) + jys%,  sin(Brod)
sitkse = 7T T tot = e .
1+y§7§7ksﬁt n (k87t+2)’ (k57t+3)’ Nt (22)
-y efer to the equivalent circuit of the main line, shown in
L=y b, 1 Refer to th lent t of th | h
Lo tbg, o1 = Ty, . . 17 Fig. 4. The total normalized impedance as seen fronttheou-
st kaatl pling slot looking toward the shorted end of the line is given by
Transformed to the center of the coupling slot, these become Z;‘?;"S =250 4 tan(dsnort )
]_‘*(S:t) _r 28, d Ztot _ Z(S,t) Z;?§+1 COS(ﬁlod) + ] Sin(ﬁlod)
3 =Dunk, ep(=i2hod) ! cos(Brod) + jz;% 1 sin(Brod)
T8 =14 1k, 41 exp(—32B10do). (18) t=(T,—1), (T, —2),...1 (23)

The voltages on the equivalent transmission-line circuit refe"r\'—hered)Sh"rt isthe el_ecmcal Ie_ngth qf the short-circuited s_ecnon
enced to the center of the coupling slot, are given by atthe end of the main line (which might be a folded short if space

limitations so require), and wher€*- ) is calculated using (14).

Vg(s’t) The termz;f’{, therefore, represents the input impedance of the
(5,8) (5,8 e (s8)  (s,1) sth main line, as seen from the first coupling slot. The input
_ e 531 (1+F3 )(1 = ) V2o (al 2 ) reflection coefficient for theth main line is given by
s,t s,t s,t s,t s,t s,t s,t
S SRR ol (§ ERSE R S o

(o) _ . 24
(19) | (24)
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Fig. 5. Schematic representation of the physical array.

Furthermore, elements of the scattering matrix are obtained either through
measurement or analysis. However, the subarrays are not nec-

(ags,t) _ ags,t)) — (Is,t Zo) (1 + Z(S:t)/g) . (25) essarily matched and consequently

The current terms at the series impedances may be obtained a,=Tb,  s=1,2,...8 (28)

from

(5,1) with Fi(fl) defined in (24). At the same time, it is true that
2ay 5
(Is,l ZO) tot + 1 (s,1)
by =ay” s=1,2...5. (29)
(L, -1V %)
5tV 2 t=2,3,...Ts. o ) ) .
( ¢ ) cos(frod) 4525 sin(B1od) Substitution of (28) and (29) into (27) yields the following

(26) system of linear equations, from which the wave intensities
incident at the first coupling slot of each main line may be
calculated:

E. Modeling of Power Splitters or Comparators geplitp(D) _ Geplit () ' Gplit ()

An array consisting of a number of subarrays would naturally toTin L2 "o 15 Tin
require some sort of a power-splitter network. This network dis-
tributes the power from the antenna input to the multiple sub- : : : :
array main lines. In general, an array consisting afubarrays Sglilitrg S;I;itrg? ) ng‘g“tl“i(f) 1
would require a splitter witl? = S + 1 ports. For the sake of

IR N S N o B N

s . . (1,1) split
clarity, it is assumed that each of the fistports is connected a1 —Sipa
to its corresponding subarray, while thth port serves as the PRCIRY _gsplit
. . . 1 = 2p @r (30)
common feed port. From the definition of the scattering param- . .
eters, it follows that spli
0] sz
[$°P2] [a] = [1] (27)

The reflection coefficient at pot® is given by

[S°Plit] is the P x P scattering parameter matrix of the network, Geplit (o) (S 1
specified with the phase reference of port 1 to soat the center = b Sspht + Z Pg Fm ’ (31)
of the first coupling slot of the main line it is connected to. The
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Fig. 6. Calculated and measuré&tiplane radiation pattern at a frequency of 8.8 GHz.
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Fig. 7. Calculated and measuré&biplane radiation pattern at a frequency of 8.9 GHz.

F. Analysis Procedure This may be written in matrix notation as
By combining (1) and (2), the following set of linear equa- [H, 1)) [0] . 0]
tions is obtained: o+ [0] [Hiy o] - [0]
(f? t ﬂ) slot slot [0] [0] ' I:H(S7 TS)]
K2 s7e17f 9 t,n Z V Gji + f Vslot

y9 t,n j=1, 5% 3 |: (1 1):| [U(lzl)]
N [VSlOtn_ hs t nhs t,n—1t ‘/SSlOtn hs t nhs t n—l—l] slot. U,
K, o i) | - | ool (39

fstn‘/stn 3:1,2,5’7 t:l7277—757

T K
n=12...Ng,. (32) [V(Ssb:trs)} [U(S,Ts)]
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Fig. 8. Calculated and measurétiplane radiation pattern at a frequency of 9 GHz.

The term[g] is a square\! x A matrix with elementg;; and to be specified. At each frequency point, the steps of the itera-
where g;; = 0. Submatrix[H, ] is a squareN, ; x N, ; tive analysis procedure are as follows.

matrix, with its elements given by 1) Obtainyz¥  for all radiating slots, andy ), 55"

s,t,n

andS?(,g’ " for all coupling slots.

Hs, tymn 2) Calculate the elementg; using (3).
o 5 3) Assume initial valueg? , ,, = 5 ..
M menmtl 4) Calculatey*! , using (15) and (16).
YTt m m# N, 5) From (17) and (18), calculaf& " andI"{"".
Kolfor ) Kolh 2 6) CalculateR*:*) andz(**) using (13) and (14).
_ 2 Sfftim _ 22\ e tm m=n=1, 7) Calculatagf’tt using the recursive relations given in (23).
) Eem Ka m=n=N,, 8) Computel) from (24).
Kbyt nhs tn 9) Determine the values af,”" by settinga, = 1 and
K, lm —n[=1 solving the system of linear equations defined in (30).
10) Calculatgl; ++/Zp) using (26).
L0 |m—n|>1 o (5:) (s,
(34) 11) From (25), obtain values fde;” 7 — ay” /).
12) Computely> " andV,*"* from (19) and (20).
13) CalculateV ;. , using (21) and (22).
[V(Sslf’tt)] and [l/;,,+)] are column vectors of dimensioN; ¢, 14) Solve the system of linear equations defined in (33)—(35)
where the former represents the unknown slot voltages in for the unknownsV;lf;.
branch linet of subarrays, while the components of the latter 15) Use the new values fdr'¢*, and recalculate/? ,
are defined by using (2).
16) Repeat steps 4 to 15 until the vaIuesIf'ql;?ﬁ,, converge.
Ksf v 17) Calculate the input reflection coefficient of the entire
Uty tym = —2 S}Z tm (35) array using (31).

Six to eight iterations are usually sufficient to ensure conver-
gence forV/;t .

As in [9], an iterative approach may be followed in order Note that at each frequency point at which the array perfor-
to calculate the slot voltage as a function of frequency. Tmeance is to be evaluated, a database of the self-impedance prop-
number of subarray$, branch lines per subarrdy,, and slots erties of isolated radiating slots and the scattering parameters for
per branch lineV, ., are assumed to be specified. The offsettie crossed-guide coupler is required. An alternative approach
lengths, and global coordinates for radiating slots, as well &sto gather this data only at a number of distinct frequencies,
the inclination angles and lengths for the coupling slots are aland to use a higher order interpolation scheme to calculate the
required. Additionally, the waveguide dimensions, interelemes¢lf-impedances and scattering parameters in order to analyze
spacingd, radiating slot widthw, unit vector component, for the array at frequency points where slot data has not been gen-
each subarray, and the index= k;_ . for each branch line, are erated explicitly.
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Fig. 9. Calculated and measuré&tiplane radiation pattern at a frequency of 8.8 GHz.
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Fig. 10. Calculated and measurgdplane radiation pattern at a frequency of 8.9 GHz.

G. Calculation of the Radiation Patterns and Gain where

Once the slot voltages are known, the radiation pattern of the
array may be calculated. For this purpose, a piecewise sinusoidal
approximation for the slot electric fields is used, which simpli- F(c,0) =
fies the expression for the radiated fields to

cos[ccos(8)] — cos(c)

sin(6)

1753

(37)

The gain in the directioffy, ¢o) may be approximated by

£y (9, </>)

VSlOt sin[ko sin(8) cos(¢)w /2] (11— T2 2
= Z kOL /2 9) k'O sin(9) COS(¢)w/2 G(90, (7)0) — 4 (];T |F| )|E¢(90’ ¢0)|

eXp[JkO(JUZ sin 6 cos ¢ + z; cos 9)] (36) /0 0 | Ea(8; @)1 sin 6 df di

(38)
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Fig. 11. Calculated and measur&dplane radiation pattern at a frequency of 9 GHz.

lll. RESULTS two radiating slots straddling them, which may be an additional

The analysis procedure was applied to an existing planar ar rce of error _[11]' Calculgtgd values for the on-axis gain are
consisting of four subarrays, and with 312 radiating slots, si lightly optimistic, though within an acceptable tolerance range.
ilar to the antenna depicted’in Fig. 5. The array was orig’inal ince the theoretical formulation is based on the assumption that

designed to operate at a frequency of 8.9 GHz. The array dim £ antenna is lossless, thig Is to be expected. For example,. at
sions were obtained from an accurate metrology exercise. 'It & center frequency the gain was calculated as 32.3 dB, while
method described in [14] was used to generate a databaseafeff’llue of 31.5 dB was measured.

the network model elements of isolated, rectangular radiating

slots. The array had roundended slots, and a correction factor IV. CONCLUSION

[15] was used to account for this. The scattering parameters folan, jterative procedure for the off-center-frequency analysis
the inclined feeding slots were calculated using the method ¢g-a planar slotted-waveguide array consisting of an arbitrary
scribed in [13]. The coupling slots of the physical array wefgymber of subarrays was presented. The formulation includes
also roundended. For lack of a suitable correction factor, an gge frequency-dependent effects of the main line to branch line
sumption was made and the factor derived for radiating slafguplers, and also of the power splitters responsible for the dis-
was again used. The splitter network, which fed the four subafution of RF power to the main lines. Very good agreement
rays, was assumed to be ideal. The radiation patterns in bothffla@veen the predicted and measured pattern performance of a
H-plane ¢ = 90° and 30 < ¢ < 150°) and theE-plane ¢ =  |arge slot array was demonstrated. The procedure may be em-
90° and 30 < ¢ < 150°) were calculated at frequencies of 8.&)oyed for the accurate analysis of monopulse arrays in either
GHZ, 8.9 GHZ, and 9 GHz. The theoretical results are Compal’m@ sum or the difference modeS, mere|y by adjusting the pa-
to experimental data in Figs. 6-11. The agreement between fhgeters of the comparator network. It should also be useful

predicted and measured pattern performance inHhplane in deciding between different geometries for an array when at-
is excellent. The correlation between calculated and measuggghpting to maximize the bandwidth of the antenna.

E-plane radiation patterns is high, but minor deviations in the

sidelobes might be ascribed to errors arising from the use of
the untested correction factor for the lengths of the round-ended
coupling slots. These errors would intuitively affect #igplane ~ The authors wish to thank Dr. A. J. Booysen of Avitronics,

radiation pattern more severely than it would in the case of tRgnturion, South Africa, who supplied the metrology data and
H-plane pattern. Note that commercially available finite-eléhe measured performance of the planar array.

ment analysis software is also suitable for the generation of data

on the properties of the radiating and coupling slots [16]. Al- REFERENCES
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