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SEP Goes to the Movies

Chuck Sword

Movies on the AED

Recently the Stanford Exploration Project purchased an AED 512 color graphics display
terminal. As described by Ottolini in Color Graphics Terminals at SEP (this report), this
particular terminal is able to display movies by means of a combination of zoom and pan com-
mands. This capability, combined with the terminal’s ability to display variable-density
seismic sections, makes it possible for us to see easily changes in successive groupings of
data. For instance, we can detect similarities and differences between successive common
shot gathers that would be very difficult to notice on conventionally-plotted seismic sec-
tions. In effect, by making data into movies, we are adding a new dimension to the display
-- motion. In this paper | will describe some of the movies we have made so far, and what
we think we have learned from them. The illustrations included with this article, of course,
will not give much of an idea of what the movies actually look like, but they will make it pos-

sible to point out certain features that we have noticed.

So far, we have made movies of common shot gathers, synthetic common-shot gathers,
NMOed common-shot gathers, isotime panels (I will describe the meaning of this term later in
this report), and CDP gathers. We don’t yet understand everything that we have seen, but
it has become clear that we are now able to see information (that is, signal) in what previ-

ously might have been considered noise.

Common shot movies

The first data set that we made into a movie was a set of common shot gathers taken
over the Flemish Cap. As it happens, this is the data set that | will be using thoughout this
paper. When plotted on paper in the ordinary manner, this data does not appear unusual in

any way. However, when we turn the data into a movie, it is possible to see motion.
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FIG. 1. (First half) Series of marine common shot gathers collected over the Flemish Cap
area. Shotpoints were 25 m apart, while geophones were 50 m apart, with 48 geophones on
the cable. In this illustration, time goes from 2.0 sec to 3.920 sec.

“."'. ) udu 1‘}0 ‘ 7
L T

3.60

SEP-28



Sword 13 Movies

Shot 6 Shot 7 ~ shot8 Shot 9 Shot 10 2.00
“if ity Yt AR AR RN I SR
![rrrrr "rrf n,.a.%‘l%."‘ S "fr h‘f‘ 511'! Pl o "!"k:t«[frmrrr " ”“"’"‘:'L‘r i, f""‘ A .J

"f 'Mu | i A4’4X !"F '" 7 (‘d
rrrf! ”flj ‘q‘ﬁi LHEJITFM fk{ ““/f‘n'l"e‘: g:h“ﬂﬁ‘rrr P?’?F.’ M‘ ﬂ'tdy'

2

lu ‘r'(ffj'& "!1 " 1’ iﬁ[‘l«.;,.‘ Q“.ﬁu ““’f "‘SMJ‘ilii.ﬁi!(\‘::llﬁvﬂ%{:r 'u ”‘::'{

1 The,

Irrffﬁw. r'ﬁ'{d' ‘ 11'1 lffﬁ‘rw J
o i «'« ‘".**'«'ui. ..u..wr rr. "v.‘#.a

L?\ l[r, ‘ C 15’. l r‘ IR ll‘Y(

5 \ 9 PR O ORR
mrrrr 'frr. ‘..,_.‘.111 Sl “'?fa "’Jﬁ.‘m A% (fﬂrr* r””lfff’t L Sl T, ."?c.’“'u i g “"c-,. "ﬁ."' *.l.":".-nl

17 Sy 1A Kl i, W N1
anrrrrm,. "?ru"“'a,. i 11’hﬁ(rrrrr'i r'f"rr,. *v«’:w"’i"]\.'l ™ '“?r K e’«uﬂﬂhm rr..-‘.'r'rfr., ORI T AL A

W L PALCOMCR i ‘, ul i (73 R, RYX ) 2.32
I"(”r‘ it W, M f"-" "f.'. ‘s.‘l(mﬁo* R "if "":1 ‘1 i, 'f‘«.f’-"!er' .ﬂw" [f«m—...(v\i .u' % e ]

!( o 1(\(,}),51."" ,," ‘& [‘((( “‘f'”::“' q ?q‘ N!Wﬁ(‘ %’(4'4\11[4‘“« ‘:J« (t’ Im 'fJ( n@f n.ﬂg -1!, i ,'3'1 tr{qrw:&d){ W“,:!‘.H[

el ul ful
g 0 .~ﬂm‘!« !a‘iﬂl‘"fﬁ‘rrrrm ’T’C'u I “J".l"“rffrfm gt .‘z'ilfffffrrrr« f'f' i :1“.?‘ g 'm!.'!

i W ‘ rj i)
g“'“‘("’“ 4&‘?'\“ “" Wt l‘l'("('(& "«‘ afl 'l!"“l M(’(‘\’!a o "’tq%’"]'« l"s(’ft("‘a "" 'wi" "J‘\‘ *« sz‘(:|‘{“ “m‘-"«a‘.‘.

DN “ A% | SRR 11 0 ) o

,"‘I\jf;.?‘: (,," c" f}"“ N'I ll “‘{,. «1. Ufﬂ‘s\i'(lq iiﬂh «('. ’4.5‘,{%‘1 i"" ﬂ {.‘r‘@'gp‘:gv ?f\ *’4‘{13"}{}“1‘ {llld.rp’(‘!)‘ 1‘:": ‘m‘.::‘ ‘ﬂt 264
(L T n: r. mm 1, ~. 1;.1. l X \'Hi '4 *« ’.l e W ! " "H"‘\d

i i g e g Wi ol Rt Sl

"\‘Mfﬁf;i. s u‘h,\(t ‘ “ (ﬁ_ﬂ \' «)(' f“'i\\
1 'J

cfj iy "l tf . e
( ’J.(& j:dr:(\” ‘”‘ ‘1.1 !t‘( f{* (”x‘t’,lc 54 "i'iil:tj ut ‘j'“r!'l( ‘:'1" ':“‘( .’3 lh[g“‘g): ;{’ l":’““‘t"“ " ‘5““ [ (q:;fﬁ‘( ““1‘ .‘g' '" “,"{ll
)L(“SQW'IF J::,“ ‘: f" 4 \)‘4 n"'n% W ) ‘(’% "\J,: o “‘}.‘J}nj‘f “"l"“‘x"f&ﬂd “mv f«z'(j, '1[ elliydh af "‘ n‘”g “J("”! f

” les m o *. &l i:’t‘ Il w \“fPJ oS

g i ""’fz‘é‘i"i'«"‘l
;‘f\(t‘(]‘gf;‘? '.‘p‘.\(u';: :",‘l!{@‘mqg s W’HZ:Z‘J ‘N}Nii‘(w"{("‘w “’_T;t'_'.,u"NAJ]‘,«" l«'@ f‘,;, ;J‘lf‘,f;gﬁ,;‘"« 4}{..,‘ 1[54“{,‘ Qj:' ’M |‘ ‘J«")“l‘i
:gf,«;&gg,%«mq;;,;[;gf, il s A DR o
fJJO" “ ook s‘if'l cb ! p‘“{} :;?'J’,}:?” |"u{"“ﬁ ’ll ’i;; (’J “’st x‘}'ilwdh d‘h "s:b: v:uﬂ‘ :‘d !""'I “:5'%%!' ;‘ﬁ‘u Ij:::'}? ’l

i h 5 NI j V‘I')c YR i ‘:‘ R i.( 1' A
i ﬁm}fﬂ ’ JJ“"Z !;" ‘[3 [l ’f"u‘i o di\'ﬂ%"iﬁ“ il ~<f“3'f o) "‘kirf"'!"ﬂ!lll R ‘Ef’.‘m[l !fa}b.g. :‘ﬂ iy mh *tmfﬁii

T PR ( ‘ “ m O TN ff. AN H' 'l K f .\.l {
.é.‘«im f ‘1}1\ @r’.a‘ {:‘:'gjili.d{{\::tﬂ;“w <~: {ii;,( ,h' zmu ‘;:“""3("" «(,Elﬂ:tz’ﬂi Eﬂ "’31' ﬁ‘\‘ ,..q Wil [l i{((f'c “‘t (.111“ a.ﬁ ":@[
) fi el "&-"""’«" ) BT i S
s wﬂ. o S qe-u'iz.« M’ R [ e el '-,> KA L
it DS 1~ ‘“’f BN "Ai]si"“ A ‘-"' SR :1‘ ‘"51" i ‘ﬁ\-*v«* R 31
(\T «‘“« tw“?i;"" ‘W’ ‘ﬂl“ ‘\‘ \i.((,(.l I;i Nh‘{' ‘é\v b‘ns&\ﬁﬁ‘ :\!«‘&I}!ﬁi*!,‘:“‘\ 1 “‘ ) W‘ "’{{‘fft,‘r‘ il‘\‘f\‘ﬂ:) f‘ ﬁ zd'qi «f‘lt

m‘i
R
l
N

i »%"“w: A Ui "m i f;'dl“""*"e«t' i .‘w??s*f
mgnmm i z' W., g l.;,, ij‘

\h
I H
pE 1'|’ Th i w i R !‘ ‘\}u;’j‘%i:‘:"ill‘ ; m u"J‘nf}}M[‘ unm «' iws nn o : {M §
\M iy h o "' ! .‘:,.’4 | :1 (e &
iy {t? "‘ 151' i "m ’rvmlq, s i.t“

e RN i »:!:‘.:‘«ﬁ.’:fe«r:."!'iifﬁ b G
: y% i (":5?’? ’M‘f 3{‘ [l‘:.“‘ il «'"3 i il G W.‘f‘!‘ I "tu“fi"‘eiﬁ’"l
:},z'ih‘i**i“},ylﬂ, ,,J.vz.: fd,a‘lritfs"i'i"‘ "“s I Fiﬂlffe)‘mi il .:15553.1’ il !iﬁ“,: i *’215 1"3"“*‘1 1“!’:"':-.1'” i
":~:.‘run é«l il 'Jm;i Lril':‘:*‘m“ s il ﬁ“"<’ Al .m i, 1“3‘3‘,}} e i i ’fzhl
i »,:FZ” D e i .ftmh':‘ il Me‘i"“‘v!‘;‘s’li za:‘%a&f:m
4.1”4;5‘:. .,iw; Ijbl i mzé*?; lk"‘fg“ o ‘.f,;fiﬁi.‘lf"«;g, ,.,&‘17«4:2.«5;*.:1:1,..1 %!li W rsé il ﬂ“\.. it l 202
R e

FIG. 1. (Second half) White markers show the "movement" of a particular event.
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In Figure 1 | have attempted to show some of this motion. It is, in the first place, very
difficult to see what is moving, even when the data is being shown in the form of a movie.
The nearest analogy | have is that of watching clouds that are being blown by the wind: you
can see that the clouds are moving, but since the clouds themselves are changing as they
move along, you cant easily pick out a particular cloud and measure its velocity. Since in
this report | can only show movies in the form of a series of still frames, it is not only difficult
to see motion, but it is especially difficult to distinguish regular, constant-speed motion from

random frame-to-frame fluctuations.

The impression of motion in this particular data set is quite striking. 1t is noticeable at
every offset for nearly all values of time. It is, unfortunately, not so cbvious when the movie
is displayed as it must be in this report, one frame after another. In any case, the immediate
question is, '"What is moving?" We don’t know the complete answer, but at this point we
have some ideas. For instance, we have reason to think that the motion is connected in
some way with the geology of the sub-surface reflectors (rather than, say, the geology of

layers lying between the reflectors and the surface, or the noise of nearby ships).

The major evidence for this assertion is the speed at which things seem to move as we
run the movie. Although it is very difficult to follow any one event as it moves across the
screen, we are able to get an idea of the average speed. This speed turns out to be about
one geophone per panel. Each panel represents one shotpoint, the shotpoints are 25 m
apart, and the geophones are 50 m apart. Putting this all together, we can see (in Fig. 2, for
instance) that our "moving'' events are actually stationary with respect to the reflectors; it

is the ship that is moving.

s i A 3 ¥
P SV SN0 SRR PR
N 1 [
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\ \ / / Sea bottom

!/

Reﬂecting layer

FIG. 2. Geometry of data collection for a distance between shots of 50 m, and a distance
between geophones of 25 m. In this case, for successive shots, successive geophones
image the same sub-surface formation.
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Isotime movies

Before continuing our analysis, it might be worthwhile to look at the evidence provided
by another type of movie. We call this new type an isotime movie. First we collect all the
data that arrived precisely at a given time, say at ¢ = 3.024 seconds. This data is then
plotted as in Fig. 3, according to its shotpoint and offset. Then we look at all the data from
t = 3.028 seconds, and so on. The easiest way to get data into this form is to take common

shot data and transpose it.

Shot 4 Time = 2.800 seconds
1 “1‘:.} St ‘J 'll‘h'{ Near
o A

o,
i" it “f{) {h“ !!J‘it!‘;
i 1.. !"”‘“‘ i 1&&!
‘ 4

01: ﬁ mmf
i K

Offset

FIG. 8. A typical isotime panel, showing how amplitudes for all shotpoints and offsets can be
plotted for a given time.

2 800 Sec 2.804 Sec 2 808 Sec 2.812 Sec 2.816 Sec

B A TR N e
,,,% ,;:é i o ia ,"’:‘t i,
e A )
'

o ’s\ i i ‘34‘1 |’*‘J I}*..‘Rci’!sﬂslii J& 1321,«1«! !« §"‘}q "’if‘,,ii'ffifﬁ‘ iﬂ, si!ih B Sls’i;’*lﬂ,
u" iy e l D R R R i‘ L J|

tx \" \,1".," e 4

2.820 Sec 2.824 Sec 2.828 Sec 2.832 Sec | 2.836 Sec

T
P M ‘”'M\:\\\W"1‘1%‘5“;”” "‘( “\” ) g! W i Wlm AP, ol
i g il ';_4 ““ ‘ 4{ |

z
, .n‘ il i At il
SRR e »mp oo M ‘.‘u'.w ®

I\‘.(.‘ i oYY ) ;
e

FIG. 4. Isotime panels. Each panel shows the amplitudes for all shotpoints and offsets at a
given time.
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Fig. 4 shows what this sort of data looks like. Looking from one frame to the next, it is
very easy to see motion: the more-or-less-horizontal bars are moving vertically downwards.
It should be fairly clear that we are seeing the legs of reflection hyperbolas, and the reason
that they move downwards is that any given leg will have a greater offset at greater
travel-times. In Fig. 4, however, the bands are not completely horizontal. | will leave it to
readers to convince themselves that non-horizontal bands indicate the presence of dipping
reflectors. Try it. This sort of mental exercise will make it easier to understand what fol-

lows.
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TR T
' N

il J;II,J*,‘““" 1 i “ ""“‘S‘{{(i li

H a‘l Hiks
:‘(""lt i !3;} ”t'é S%‘n!.‘;‘il,.qzh : sﬁ\;&‘)}{., . s .

0 | ;
"od“ ‘{‘f‘".n. o‘.‘g H 1.‘. s 1
unu “‘ )) P!‘ lraljr,tl “5,] n b ; u Mff '!l uq! fi "”, K,&!, l, “ i ’IMI Ma yﬂq clu,

it

2820 Sec  2.824 Sec 2.828 Sec | 2.832 Sec 2.836 Sec
T \11 i I r'.( {] \1 Y e THTH ‘w s , TRl
i, ‘frf,fiﬁi‘gjffd,”giu il i jﬁf“{J,. il g’j}qﬁ,ﬁiﬁ‘{qfuf‘ g ,;i?:! A
,;M"HII a,;u*‘ln il il L »st‘ll!:mt" R 11*93!};{{!32}}‘}3”,:,' o
,g: A

" ‘1' A ).JS‘I!‘< |.‘;,"' i g ! I!‘f}’.ﬁ?}‘lg‘ft‘,&‘; !J“:l‘:‘lt\;ﬂ ¥ ..‘: Ml
W e

ﬂl' ET vt': ¥ -4 ‘\5\'1 ‘1 vvj-wy" lwvn"‘u W HERN X o
i ,‘S‘U u 4"”(; 'W“ ‘f!""l” "; mg’m il 544#1 u l ~U“-i ‘uau‘n Ii 4‘ M‘lﬂui “3’ lll il ‘13 i.«f,}lg‘l]] QW z ’

i it “n

FIG. 5. Isotime section of NMO-corrected data. Time ranges from 2.8 to 2.836 seconds.

Now let us apply some normal moveout to our gathers and turn them into isotime sec-
tions. Fig. 5 shows the result of doing this. The most obvious feature in Fig. 5 is the black
blob that travels from the upper left to the upper right of the section. (That is, it travels
from the near-offset, early-shot corner to the near-offset, later-shot corner). The most
interesting features, though, are not nearly as easy to see. They are the little streaks that
go from upper left to lower right across the sections. These streaks, | believe, give us our

clearest glimpse of whatever is moving on the common shot gathers. In effect, these
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diagonal streaks help create the impression of motion.

In order to see how diagonal streaks can translate into motion, it is necessary to look
at the geometry of isotime sections in a little more detail. Fig. 6 shows a cube of data. Itis
oriented in such a way that looking at the top face you see an isotime section, looking at the
front face you see a common shot gather, and looking at the right-hand face you see a com-
mon offset gather. It may seem a bit confusing to have shotpoint and offset, rather that
shotpoint and geophone point, as two coordinates of the cube, but that is the way that
marine data is conventionally acquired. 1t should now be clear how the two types of movies
that we have looked at so far interrelate. The common shotpoint movie is simply made by
looking at the front face, peeling it off, looking at the face behind it, and so on. The isotime

movie is made by peeling off the top layers, one after another.
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FIG. 6. A data cube. Field data from marine surveys can easily be put into this form. From
the front it looks like a common shot gather, from the side it looks like a common offset
gather, and from the top it looks like an isotime section.

SEP-28



18

Sword Scaln 1 Scan2  Shotpoint Movies

Offset
&

"

FIG. 7. A typical isotime section. The diagonal line represents a typical streak, while verti-
cal lines represent how the section would be "scanned' in the process of producing a com-
mon shotpoint movie.

Keeping in mind the geometry of the cube, it is now possibie to consider the case of our
diagonal streaks. Let us look at the case of a single isotime section, as shown in Fig. 7, as it
is being "scanned' to form part of a common shotpoint movie. The scan starts as a vertical
line at the left side of the isotime section. Referring back to the cube, it is clear that this
"vertical" line is horizontal from the point of view of a common shotpoint movie. At this point,
the streak intersects the scanning line at a near offset. At a later point in the common shot-
point movie, the scanning line is now further towards the left, and the streak intersects the
line at a farther offset. Thus, what looks like a diagonal line on an individual isotime section,

turns into a moving point in a common shotpoint movie,

These diagonal streaks, then, cause motion when we view the data cube in the form of
a movie of common shotpoint sections. In fact, these streaks may be the best way we have
of objectively measuring this motion, and their presence raises some interesting questions.
For instance: streaks that run at a 45° angle clearly represent lines of common midpoints,
"which means that each of these 45° streaks can be connected with some stationary
feature on some reflector. However, streaks at angles differing from 45° have sometimes

been observed. What do these represent?

Analysis

We have looked at various manifestations of the motion that we see in common shot-
point movies, but we have not yet really answered the question of what is doing the moving.
However, we now have quite a few clues. At this point it appears that the motion is
somehow associated with various irregularities in the subsurface reflectors. What sort of

irregularities are these? The most obvious irregularities are variations in depth or
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coefficient of reflection. However, while not ruling these out, it appears that something else
may be involved. After all, if these irregularities explain everything, why is the motion so

elusive? In other words, why is it so difficult to point at what exactly is moving?

We don’t yet (and may not ever) have a complete answer to any of these questions,
but we have another clue. Let us look more carefully at one of the common shotpoint gath-
ers that we saw previously in Fig. 1, as reproduced in Fig. 8. It is possible to see, without
too much effort, what appear to be rather high-frequency diffraction hyperbolas. | believe
that these hyperbolas are responsible, for the most part, for producing the diagonal streaks
that we see on our isotime sections. The reason for this belief is that the streaks are very
narrow, and thus seem to correspond to the high-frequency diffractions. Thus these dif-
fractions, presumably caused by various reflector irregularities, are responsible for some of

the motion that we see.

However, diffractions do not seem to be the sole cause of motion. Without including
any supporting illustrations, since they would be virtually useless, | will merely state that we
performed one more experiment on the data. Basically, | put a low-pass filter on the data to
see what would happen when the diffraction hyperbolas were removed. Even after filtering,
movement was still present, and in fact, it was easier to see what appeared to be movement

caused by irregularities in depth and reflection coefficients.

In summary, then, we have looked at various types of movies made from the same data
set. A preliminary analysis indicates that the apparent motion has several causes: irregulari-
ties in reflector depths, irregularities in coefficients of reflection, and diffraction hyperbolas

caused by sub-surface irregularities.
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