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1. INTRODUCTION

A practical means of projecting visibility measurements onto a

rectangular grid, in preparation for mapping, while at the same time

suppressing the response to sources outside the region of interest, is

to be discussed. The method consists in evaluating, at the grid points,

the discrete convolution of the data with an appropriately chosen real,

separable function, C(u,v,w) = C (u)C (v)C (w). We assume C to be even
u v w

in each of the spatial frequency coordinates (u,v, and w ) , to integrate 

to unity, and to vanish outside of a box of small dimensions. This 

latter assumption, regarding small support, is most crucial, as the 

time required to grid the data is proportional to the volume of the 

support box. The separability assumption and the restriction of the 

domain of C to a box permit a simpler and somewhat faster implementation 

than would otherwise be the case; and these assumptions, in fact, are 

not very restrictive.

Consider a set of N measurements of the visibility function

V, obtained at spatial frequencies (l^ = ( u ^ v ^ , ^ ) } ,  all lying within 

a support box of C whose center has been translated to a grid point at 

(u,v,w). Denote the volume of the box by A. Then we might expect the 

summation

A
1 = N i C (u“ui> v-vi ,w-wjL) V.
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to be a fair approximation to (V*C)(u,v,w), the convolution of V and 

C evaluated at ( u ^ w ) 1 . In fact, if we take the to be error-free, 

and U, above, to be a random variable uniformly distributed in the box, 

then Rel and Iml are approximately normally distributed random variables 

whose means are the real and imaginary parts of the integral convolution 

evaluated at (u,v,w), and whose standard deviations go to zero like 

Instead of I,above, we might take

t £CiVi 
J ZC±

where we have abbreviated = C(u-ui,v-vi ,w-wjL) , J also tends to (V*C) 

(u,v,w), but it leads to greater absurdities, in the instances of sparse 

sampling, than does I.

When the uniformity assumption is valid, a discrete Fourier trans

form applied to the gridded data produces a map whose features, includ

ing aliased features, have been tapered beforehand by a function resemb

ling C, the Fourier transform of C. One chooses C by balancing its merits 

as a low-pass filter against the computational constraints.

As the distribution of observations becomes nonrandom or sparse, 

the effectiveness of the filtering, or the resemblance of the filter 

transfer function to C, diminishes. Even though the VLA u-v distributions 

are comprised of points spaced out along elliptical tracks, experience to 

date, along with evidence presented in J. A. Hudson's Ph.D. thesis, suggests

A
that the filtering response bears a fair resemblance to C.

1 An analogy can be drawn with the 1-dimensional case of approximating 
b

^ f(x)dx. Here our estimate would be I - E f (xj).

2
A  similar statement holds if the have only random errors.
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The convolutional scheme, allowing varied choices of C, has been 

implemented in the mapping programs in use at the site and in Char

lottesville. There has been some confusion and controversy in the 

treatments of weighting and of the gross cases of non-uniformity. One 

such case is that of the isolated measurement. Another is the non

uniformity that occurs at the edges of the u-v distribution, where the 

distribution within a support box is always skewed.

The remainder of the development here presents analyses of various 

choices of C, along with tabulations of their Fourier transforms.

2. DERIVATION

Since C is assumed to be separable, we consider only a single 

spatial frequency variable, u, and omit the subscript u from C^. 

Subscripts on C now denote the parameters of particular choices of C. 

Subscript m, not necessarily an integer, defines the support by denot

ing a function Cm  which vanishes for |u| > mAu/2, where Au is the grid 

spacing. We do not bother to normalize Cm  to integrate to unity, in 

order to minimize the number of constants which must be carried along. 

Define a variable, a, to be the map position in units of l/(2Au), so 

that a » +1 is the edge of the field of view. Now we can write the

Fourier transform of C as:
m

irm/2

Cn (3) = ~  s cos (at) dt.
o

Tables of two other functions, more useful for visualization, are

presented below. C (a) ■ C (a)/C (0) is the properly normalized version
m  m m

of C . Another function, C (a) = C ( a ) / C  ((a+1) mod 2-1), where defined, iu m  iq m  y
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represents the strength of an alias, from position, a, relative to its 

strength if it actually lay within the field of view; i.e., if |a| 

were less than 1.

3. PARTICULAR CHOICES OF C

Specific details for some functions which have been proposed for 

use are presented in this section. Their Fourier transforms are worked 

out in terms of familiar functions when possible.

3.1 PILLBOX

Here, take C-(u> - {J

Then C (a) » sin This function is included in order to fur-
m  ira z

nish historical perspective. C^ has long been used in the mapping pro

gram of the Green Bank interferometer package. Table I is a tabulation 

of C1 and C^.

3.2 TRUNCATED GAUSSIAN 2
e-(u/wAu) |u| < u6a /2

Here, C (u) = , n ,
raw J O  otherwise.

C is a Gaussian of width 2w at the 1/e point, truncated m/2 cells from 

the origin. Its Fourier transform can be expressed in terms of the 

error function of complex argument:

raw 2w 2
C (a) = Au e-(aWir/2) Re {er£(?- +  i ^ ) }
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Note that C (a) »  Au w»^r e ^aw7r^ ^  f anc i  c  ( 2 / wtt)  *• 1/e.
° °w  ° °w

Convolution by the truncated Gaussian recently has been made available

in Jerry Hudson's MAPPER program at the VLA. site. It has also been

used in the Westerbork reduction package, with a default choice of

w  = 2/2£n 2/tt, s o that C (1) « .25. Tabulations for the truncatedo°W

Gaussian appear in Table II.

3.3 TRUNCATED sin u/u

2

sin(Tu/w&u). , ,  < miu/2
ir t i / u A n  > •

Take C (u)
mw * « ,

otherwise.

A  motivation for examining this function is that C is a pillbox.

A  1
C can be expressed in terms of the sine integral :

The relevant question is whether, for m a reasonable number, say 6 or 8,

A
Cm1 is at all nice. Tabulations, in Table III, reveal that there is a 

nice edge for such m, but relatively large undulations.

1  s i ( t )  ■ (
O
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3.4 TAPERED, TRUNCATED sin u/u 

Here, we take

C t (u) 
mwaw

f  e~lu/w'A u l s l n O m / w aul |uj < 
ttu/wAu

v 0 otherwise.

The present motivation is to smooth out the undulations in the C of the 

previous section, while preserving a reasonable edge. We have,

Z ,(a) = M i  ’"‘I2 t-l .-<*/«*•> “8ln(t/w) cos(at) dt. 
mwaw tt '

o

Tables, derived by numerical quadrature, look quite pleasing for, say, 

a = 3. They are presented in Table IV.

4. REMARKS

In areas of sparse sampling the gridding scheme ought to preserve 

the data reasonably well, in order not to degrade the resolution, but 

in these areas (or in areas with a skewed distribution of U) there is 

little chance of effectively filtering the data, yse of the estimator 

J is discouraged because its denominator easily can be near zero in 

sparsely sampled regions. Estimator I generally ought to behave well. 

It’s definition might be modified, or a compensatory weighting scheme 

might accompany its use, in order to obtain consistent performance 

(similar beam shapes for fixed C) for varied choices of cell-size.
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Ot“l
The definition I = AN Z ^i^i* 0 - a - i» yields a continuum 

of gridding schemes in the range between "uniform" and "natural" 

weighting. Choice of a * 1 corresponds to weighting in proportion to 

the reciprocal of the variance in the estimate that AN~* £ C^ provides 

of C(0).
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A, t ,  W (k. C<V
0.00 l.OCOOC 1.00000 3.00 -0.21271 -0.33333
0.05 0.9<;n97 1.00000 3.05 -0.20000 -0.31148
0 . 10 0 . 9 * 5 0 9 I.o o o o o 3.10 -0.20203 -0.29032
0.15 C .09077 1.00000 3.15 -0.19652 -0.26904
0.20 0.9f3fc3 1.00000 3.70 -0.10021 -0.25000
0.75 0.9745C l.COOOO 3.75 -0 . 18007 -0.23077
0.30 0.9634C 1.00000 3.30 -0.17109 -0.21212
0.35 C .05030 I.OOOOO 3.35 -0.16203 -0.19403
0.40 0.9354*3 1.00000 3.40 -0.15140 -0.17647
0.45 C.91R78 1.00000 3.45 -0.140 32 -0.15942
0.50 0.00032 I.o o o o o 3 .50 -0 . 17062 -0.14286
0.55 0.00016 I.o o o o o 3.55 -0.11647 -0.12676
0.60 0.95039 I.o o o o o 3.60 -0.1C394 -0.11111
0.55 0 . 83509 1.00000 3 .65 -0.09113 -0.09589
0.70 0.81033 I.o o o o o 3 .7 0 -0.07011 -0.00108
0.75 0.78421 I.o o o o o 3.75 -0.06497 -0.06667
0.R0 0.75603 t.o oo o o 3.0C -0.05177 -0.05263
0 .P5 0.72027 I.o o o o o 3.85 -0.03H60 -0.03096
0.00 C.6«;pfc5 I.o o o o o 3.0C -0.07554 -0.02564
0.95 0 .6 f 006 I.o o o o o 3.05 -0.01265 -0.01266
1.00 0.63662 l.COOOO 4.0 0 -O.OCOOO -0.00000
1.05 0.6C444 0.00476 4 .0 5 0.01233 0.01235
1.10 0.57162 0.01010 4.10 0.02429 0.07439
1.15 0.53829 0.7301-3 4.15 0.03531 0.03614
1.20 0.5C4 5 5 0.66667 4.20 0.04604 0.04762
1.25 C .47053 0.60000 4.75 0.C5732 0.05007
1.30 0.43633 0.53P46 4.3C 0.C6721 0.069 7 7
1.35 0.4C200 0.40140 4.35 0 .0  764 7 0.00046
1.40 0.3678G 0.47057 4.4 0 O.OP5C4 0.09091
1.45 0.33305 0.37031 4 .4 5 0.00291 0.10112
1.50 0.3C0 I I 0 .33333 4.5C 0.10004 0 .1 )111
1.55 0 .2 f674 0.2003 2 4.55 0.1C630 0.12000
1.60 0.23307 0 .2  5000 4 .6 0 0 . 11106 0.1304 3
1 .65 0.2C160 0.21212 4 .6  5 0.1  1673 C .13978
1.70 0.17001 C . l 7647 4 .7 0 0.12060 0.14094
1.75 0.12921 0. 14206 4 .7 5 0 . 12302 0.15709
l.n o O .J C020 0 .1 1 1 1 1 4 .P0 0.17614 0.16667
1.95 D.0P033 O.COIOO 4 . 85 0.12764 0.175 76
1.90 0.05242 0,05263 4.90 0 . 17032 0.10367
1.95 0.02561 0.02 564 4.95 0.12H21 0.10192
2.00 C.CCOOO 0 .OOOOO 5.00 0.12732 0.20000
2.05 -0.02437 -0.07430 5.05 0.12567 0.18012
2.10 -0.04742 -0.04767 5.1C 0.12329 0.17647
2.15 -0.0*912 -0.06077 5.15 0.17020 0.16505
2.20 -0.CP942 -0.09001 5.70 0.1164 3 0.15305
2.25 -C.1C820 - 0 . I l l  11 5.25 0.11703 0.14286
2.30 -0.12566 -0.13043 5.3C 0 . IC7C2 0.13208
2.35 -0.14155 -0 . 14004 5.35 0 . 10146 0.12150
2.40 -0.15591 -0.16667 5 . 40 0.09530 0.1 l l l l
2 .45 - 0 . 1 6e 7 6 -0.10367 5.45 0.08002 0.10092
2.50 - 0 .1 FOOt -0.70000 5.50 0.00105 0.09091
2.55 - 0 . IP904 - 0 .2 l'i6 9 5.55 0.07450 0.08108
2.60 -0.19009 -0.23077 5.60 0.06682 0.07143
2.65 -0.2C401 -0.74570 5.65 0.05007 0.06195
2.70 - C .2 1009 -0.25026 5.70 0.05071 0.05263
7.75 -0 .2  1 3 P P -0.27773 5.75 0.04737 0.04348
7.00 -0.21674 -0.7P571 5 . PC 0.03392 0.03448
2.05 -0.21720 -0.20075 5.05 0.02540 0.02564
2.00 -0,21682 -0.31034 5.90 0.01680 0.01695
2.95 -0.2  1?14 -0.32203 5.95 0.00839 0.00840
3.00 -0.21771 -0.33333 6.00 0.00000 0.00000
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(L /♦*»=!- Ml 9 3 AH » V M( S S’
0.00 l.COOOO I .OOCOC I . 00000 I . 00000 1.00000
o .c5 0.99915 0 . °9  P05 0.99779 0.99778 0.99776
0.10 C .99660 C .99220 0.90170 0.99116 0 .9 9 H 6
0.15 0.9923ft 0.90253 C .98037 C .98071 0.98021
0.20 C.9P644 0.96912 0.96527 0.965C9 0.965C9
0.25 0.97887 0.95210 0.94626 0.946C0 0.94600
0.30 C. 96967 0.93165 0.97352 C .92317 0.92317
0.15 0.95887 0.90797 0.89734 0.89690 0 . R969C
0.40 C. 94650 0.88178 0.36004 0.86752 0.06752
0.45 C .93262 0 .85184 0.83598 0.835 30 0.83538
0.50 C .91726 0.81<i<n 0.00152 0.00087 0. P0086
0.55 C. 90048 0.78585 0.76  506 0.76430 0.76437
0.60 0. PB233 0.74991 0.72701 0.72632 0.72631
0.65 0.86287 0.71243 0.68776 0.60709 0.68709
0.70 0.84210 0.67275 0.64 773 0.64711 0.64710
0.75 C.P2031 0.63421 0.60731 0.60674 0.60674
0.80 C .79734 0.59413 0.5668 6 0.56638 0.56638
0. f 5 0.77335 0.55 3 84 0.52674 0.52636 0.52636
0.^0 C. 748 41 0.51366 0.48 72 7 0.48700 0.48700
0 .9 5 C .72260 0.47389 0.44874 0.44H5B 0.44858
1 .0 0 0.69601 0.43482 0.41 141 0.41 137 0.41137
I.C 5 C .66873 0.39673 0.37551 0.37557 0.37557
1.10 C .64083 0.35984 0.34122 0.34137 0.34137
I .  15 C .61241 0.32439 0.30869 0.30090 0.30890
1 .20 C .53356 0 .29057 0 .2  780 3 0.27829 0.27829
1.25 C .55437 0.75P54 0.24032 0.2*060 0.24960
1.20 0.52492 0.72844 0.22260 C.222P7 0.22287
1.35 0.49531 C .20036 0 .1 °  78 8 0.19813 C. 19812
1.40 C .46563 0.174 40 0.17515 0 . 175T5 0.17535
1.45 C .43596 0.15059 0.15436 0.15450 0.15450
1.50 C .40639 0. 12*96 0. 1 354 7 0 . 13553 0.13553
1.55 C .37701 0.1C946 0.11838 C .11036 0.11036
1.60 C. 34790 0.09214 0.10301 0 . 10291 0. 1C290
1.65 C .31914 0.07 666 0.08926 0.08907 0.08907
1.70 C .29087 0.06358 0.07702 0.C7676 C .07676
1.15 C .26300 0.05710 0.06617 0.06585 0.06585
I .  00 0.23577 0.04255 0.05660 0.05625 0.05625
1. £5 C .20910 0.03457 0.04 8? 0 0.04783 0 . C4783
I . <50 0.18332 C.0280P 0.0408 5 0.04049 0.04049
1.95 0. 15824 0.02295 0.0344 7 0.034 13 0.03413
2 .CO C .133 9 9 0.01903 0.02893 0.02864 0.02864
2.C5 C. 11065 0.01614 0.074 16 0.02392 0.02392
2.10 C. 08824 0.01415 0.07 906 0,01989 0 . C199C
2.15 C .06683 0.01290 0.01656 0.01647 0.01647
2.20 C. 04645 0.01223 0.01358 0.01356 0.01358
2.25 0 .C2713 0.012C3 0.01106 0.01115 0.01114
2. 30 C.C089? 0.01215 0.00095 0.00911 0 .0 0 9 1 1
7 • 35 -0.00817 0.0124P 0.00710 0.0074 I 0.00741
2.40 - C .02411 0.01291 0.00573 0.006C0 0.00600
2.45 -0.03888 0.01335 0.0045 4 0.00484 0.00484
2.50 -0.05248 0.01373 0.0035 7 0.003P8 0.00388
2.55 -0.06489 0.01397 0.00779 0.00310 C .00310
2.60 -0.07612 0.01404 0.00219 C. 00247 0.00247
2.£5 -0.08616 o . o n c o 0.00171 0.00195 0.00195
2.70 -0.09507 0.0135C 0.00136 0.00154 0.00154
2.75 -0. 10273 C .01206 0.00109 0.00121 0.00121
2.60 -C. 10928 0 .0 1 IS P 0.00090 0.00094 0.00095
2 .P5 -0.11471 0.01087 0.00076 0.00073 C.00C74
2.00 -0. 11903 0.00954 0.00066 0.00057 0.00057
2.95 - C .12220 0.008C4 0.00060 0.00044 0.00044

- 0 :1 ’ 440 n .o n *4 P 0.00055 0.00034 0.00034
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a /mu * / <**( =■ t. /** m 3 /**»=* A** *  f
c .c o 1.00000 l.OOOOC 1.00000 1.00000 1.00900
0.C5 C .99909 0.99747 0.9966 8 0.99655 0.99654
0 . 10 0.°963fc 0.98992 0.98679 C .98627 0.98623
0.15 C .99182 0.97742 0.97051 0.96936 0.96929
o .? o 0,98548 C .96014 0.94813 0.94617 0.94606
0.25 C .97738 0.93826 0.92005 0.91717 0.91701
0 .30 C .96753 0.91204 0.80678 C .88291 0.88271
0.35 C .95597 0.88177 0.84890 0.84406 0.84382
0 .4 0 0.94274 0.84761 0.80706 0.80134 0.80107
0 .4 5 C .92790 0.81053 0.76195 0.75552 0.75524
0.50 C .91148 0.77035 0.71431 0.70738 0.70711
0.55 0.89354 0.72771 0.66490 0.65771 0.65747
0 .60 0.87416 0.683C6 0.61444 0.60730 0.60710
0 .t5 0.85338 0.63689 0.56367 0.55686 0.55671
0 .70 0.83130 0.58967 0.51327 0.50707 0.50698
0 .75 C .80798 0.54187 0.46387 0.45853 0.45850
0 .80 0.78350 0.49398 0.41606 0.41177 0.41179
0.C5 0.75794 0.44645 0.37031 0.36723 0.36729
0.90 0.73139 C .399 72 0.32706 0.32524 0.32534
0.95 0.70395 0.35420 0.28663 0.28609 0.28618
l.C O C .67569 0.31C28 0.24926 0.24990 0 . 2500C
1.05 0.64672 0.26829 0.21512 0.21681 0.21689
1.10 C .61713 0.22854 0.18428 0.18681 0.18686
1.15 C .58702 0.19130 0.15674 0.15987 0.15988
1.20 0.55648 0.1568C 0.13242 C .13588 0.13584
1.25 C .52562 0.12519 0.11120 0.11471 0.11463
1.30 0.49453 0.C966C 0.09288 0.0961 7 0.09606
1.35 0.46331 0.07112 0.07726 0.080C8 0.C7994
1.40 0.43206 0.04876 0.06407 0.06622 0.06606
1.45 C .40088 0.07952 0.05305 0.05437 0.05422
1.50 C .36985 0.01334 0.04 392 0.C44 32 0.C4415
I . 55 C . 33907 0.00012 0.03641 0.03507 0.03577
1.60 C .30864 -0.01026 0.01076 0.02881 0.C2875
l.£ 5 C .27865 -0.018C3 0.02523 0.02296 0.02295
1.70 0.24917 -0.02333 0.02108 0.01816 0.01820
1.75 C .22029 -0.02638 0.01763 0.01425 0.C1433
1.60 0.19209 - C .02745 0.01472 0 . Cl 110 0.01120
i . e s C . 16465 -0.0267 7 0 .01272 C .00857 0.0087C
1.90 C . 13303 -0.02462 0.01001 0.00658 0.00671
1.95 0.11230 -C.02175 0.00803 0.00502 0.00514
2 . CO C .08754 -0.01694 0.00622 0.00381 0.00391
2.C5 C .06378 -0 .01194 0.00457 0.00288 0.00295
2 .10 0.04109 -0.006 51 0.00306 0.00218 0.00221
2.15 0.01952 - 0 ,0 0 0 ° 7 0 .00169 0.00166 0.00169
2.20 -C.C0090 0.0047 5 0.00048 0.00127 0.00122
2 .2 5 - C .02012 0.01C17 -0.00056 0.00098 0.00069
2.30 -0.03812 0 .0 l« 2 C -0.00141 0.00076 0.00065
2 . ’ 5 -0.05486 0 .01970 -0 .00706 C .00059 0.00047
2,40 - C .07033 0.02355 -0.00250 C. 00046 0.00034
2.45 -0.08452 0.02666 -0.00272 0.00035 0.00024
2 .50 -0.09740 0.02895 -0.00273 C .00025 0.00017
2 .55 -0.10899 0.03040 -0 .00755 C .00017 0.00012
2 .6 0 -0.11927 0.03C58 -0.00221 c .o o o io O.OOOC9
2 ,«5 - C .12825 C.03C72 -0 .00172 0.00004 0.00006
7 .7 0 -0.13596 0 .0 ?«< 5 - 0 .0 0 U 4 -O.COOOl 0.00004
2.15 -0.14239 0.02782 -0.00050 -0.00005 0.00003
2.80 -0.14758 0.02531 0.00016 -0.00008 0.00002
2.65 - C .15155 0.02220 C .00079 -0.00009 0.00001
2 .90 -0.15433 0.01861 0.00137 -O.C0009 0.00001
2.95 -0.15596 0.01464 0.00185 -0.00008 0.00001
3.00 -0.15647 0.01040 0.00221 - C ,00006 0.00000

l.COOOO 
0.99654 
0.98623 
0.96929 
0.94606 
0 .91700  
0.88270 
0.843G2 
0 .80107 
0.75524 
0 .70711 
0 .65747 
0 .60710 
0 .55671 
0 .50698 
0 .45850 
0 .41180 
0 .36729 
0 .32534 
0.28618 
0.25000 
0 .21688  
0 .18686 
0.15987 
0 .13584 
0 .11463 
0 .09605 
0.07994 
0.066C6 
0 .05422 
0 .044 19 
0 .01577 
0 .02876 
0.02296 
0 . Cl 820 
0 . C1433 
0.01120 
0 . CO870 
0.00671 
0.00514 
0.00391 
0 .00295 
0.00221 
0.00165 
0.C0122 
0.C0090 
0.0006b 
0.00C47 
0.00034 
0.00024 
O.OOC17 
0 .0 0 0 1 2  
O.OOOC9 
0.00006 
0.00004 
0.00003 
0.00002 
0.00CC1 
0.00CC1 
0.00001 
0.00000
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o . ro l .c o n o o I .o c o o r I .ooooo 1 . ooooo
i ) . C 5 C .00904 C . 99667 0.0049 8 0.09410
0.10 C.c 96 1 6 0.98753 C .98005 0.97661
0. 15 C .90137 0.97710 0.95556 0.94808
o . ? o C .53469 C.95C75 0.97710 0.90943
0.25 C . ‘5 7615 0.97385 0.80049 0.06107
0.30 C .06577 0.89165 0.83 170 0.00610
0.35 C .05350 0.85459 0.77686 0.74609
0.40 0 . ‘7396 5 0 . 8 1 3 1 5 0.71723 0.6H125
0.45 0.97401 0.76785 0.65413 0.61417
0.50 C .006 72 0 .7 10?^ 0.5889 1 0.54644
0. f 5 C . f 8 783 0.66797 0.57794 0.479C0
0.60 C .0674 3 0.61460 0.4 5 75 I 0.41565
0 . < 5 0.84558 0.55579 0.39384 0.35518
0.70 0.82735 0.50419 0.33304 0.29935
0.75 C . 7 <i 7 8 3 0.44 844 0.77606 0.24 8 P 5
0.80 0.77211 0.39314 0.72370 0.7U4C0
0.85 0.74577 0.33890 0.17655 0.16519
C.50 C . 71741 0.28629 0.13504 C.132C9
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