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A p oll o 1 7 A L S E P W o r k T a p es  L u n a r Ej e ct a A n d M et e o rit es E x p e ri m e nt  R a w Cl e a n e d 
A S CII D at a C oll e cti o n ( 1 9 7 6 -0 6 1  t o 1 9 7 6 -2 0 0 ) 
 
I nt r o d u cti o n  
 
T h e astr o n a uts o n t h e A p oll o missi o ns d e pl o y e d a s et of s ci e ntifi c i nstr u m e nts t h at w er e 
c oll e cti v el y k n o w n as t h e A p oll o L u n ar S urf a c e E x p eri m e nts P a c k a g e ( A L S E P) at e a c h of t h e 
A p oll o 1 2, 1 4, 1 5, 1 6, a n d 1 7 l a n di n g sit es  [ 1]. T h e A L S E P i nstr u m e nts o p er at e d fr o m t h e ti m e of 
d e pl o y m e nt t o S e pt e m b er 1 9 7 7 at e a c h sit e [ 2]. T his c oll e cti o n fr o m t h e A p oll o 1 7 sit e c o nsists of 
A S CII  t a b ul ar fil es of r a w, cl e a n e d ( c orr e ct e d) d at a fr o m t h e L u n ar Ej e ct a A n d M et e orit es 
E x p eri m e nt  (L E A M ) f or t h e p eri o d of 1 M ar c h 1 9 7 6 t hr o u g h 1 8 J ul y 1 9 7 6. T h e d at a s p a n  t h e l ast 
1 4 0 d a ys of L E A M o p er ati o n .  T h es e s ci e ntifi c, h o us e k e e pi n g, a n d c o m m a n d v erifi c ati o n d at a ar e 
A S CII tr a nsf or m ati o ns of r a w bi n ar y L E A M d at a, ar c hi v e d i n N A S A S p a c e S ci e n c e D at a 
C o or di n at e d Ar c hi v e ( N S S D C A)  d at a s et P S S B -0 1 4 7 5 , t h at w er e e xtr a ct e d fr o m  N S S D C A d at a 
s et P S P G -0 0 7 3 9  [ 3a] w hi c h c o nt ai ns A L S E P n or m al -bit -r at e W or k T a p e fil es of  r a w bi n ar y d at a 
tr a ns mitt e d fr o m t h e M o o n. 
 
R e q ui r e d  R e a di n g  
 
T h e us er s h o ul d r e a d s e v er al p u bli c ati o ns b ef or e usi n g t his c oll e cti o n.  
 
R e q uir e d : [ 3 a] pr o vi d es a d es cri pti o n of t h e c o nt e nts of t h e s o ur c e A L S E P W or k T a p e fil es. 
R el e v a nt s e cti o ns i n [ 3 b] ar e 6. 1 1 a n d A p p e n di x E  i n cl u di n g p a g es E-2 2 t hr o u g h E -2 4 t h at  
pr o vi d e a bri ef d es cri pti o n of  t h e L E A M m e as ur e m e nts.  S u p pl e m e nt ar y writ e -u ps, pr o vi d e d as 
s e c o n d ar y pr o d u cts i n t h e D o c u m e nt c oll e cti o n,  gi v e m or e d et ail e d e x pl a n ati o ns of  t h e L E A M 
fil m I D n u m b eri n g c o n v e nti o n a n d t h e m e as ur e m e nts f or ti m e-of -fli g ht a n d t h e fil m a n d 
mi cr o p h o n e p uls e h ei g ht a n al y z ers .  [6] pr o vi d es d et ail e d e n gi n e eri n g a n d  o p er ati o ns i nf or m ati o n 
a b o ut t h e A p oll o 1 7 A L S E P st ati o n ( als o k n o w n as Arr a y E a n d Arr a y 5 ) a n d t h e L E A M  
e x p eri m e nt. T h e m ost r el e v a nt c h a pt ers i n [ 6] ar e 6 - A L S E P t el e m etr y s u bs yst e m, a n d 8  - L E A M  
o p er ati o ns , m o d es a n d m e as ur e m e nts. 
 
Str o n gl y R e c o m m e n d e d : [ 2] pr o vi d es a v er y d et ail e d o p er ati o n al hist or y of e a c h  i n di vi d u al 
A L S E P e x p eri m e nt , i n cl u di n g o p er ati o n al st at us, a n o m ali es, a n d f ail ur es b y d at e.  [9 ] d es cri b es 
t h e L E A M  e x p eri m e nt a n d r e p ort s i niti al r es ults. 
 
A d diti o n al d et ail e d e n gi n e eri n g a n d o p er ati o ns i nf or m ati o n o n t h e A p oll o 1 7 A L S E P st ati o n a n d 
t h e L E A M  ar e pr o vi d e d i n [ 7] .  F or a bri ef d es cri pti o n of a s p e cifi c A p oll o s ci e ntifi c e x p eri m e nt 
t o g et h er wit h its o p er ati o n al hist or y a n d its d at a c o nt e nt, f or m ats, a n d a v ail a bility d uri n g t h e 
A p oll o er a, s e e [ 8] . [ 4] a n d [ 5] pr o vi d e b a c k gr o u n d o n t h e eff ort t o r e c o v er a n d r est or e A L S E P 
r a w i nstr u m e nt d at a. 
 
O v e r vi e w of D at a  P r o d u cts   
 
T his c oll e cti o n c o nt ai ns t hr e e t y p es of d at a pr o d u cts , w h er e e a c h t y p e c o nsists of a fil e of ti m e-
or d er e d, A S CII d at a i n fi x e d-wi dt h t a b ul ar f or m at (.t a b) a n d a d et a c h e d P D S l a b el (. x ml) t h at 
d efi n es t h e f or m at  a n d c o nt e nts  of t h e d at a fil e : 

•  R a w S ci e n c e  D at a :  2 8 7 pr o d u cts  of r a w L E A M  s ci e ntifi c m e as ur e m e n ts wit h fil e n a m es 
a 1 7 _l e a m _ 1 9 7 6 D D Dt H H _ M M _ wt T T _ F F.t a b /. x ml, w h er e D D D is t h e e art h -r e c ei v e d 
ti m e d a y of y e ar,  H H is t h e h o ur, M M is t h e mi n ut e, T T is t h e W or k T a p e n u m b er a n d F F 
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i d e ntifi es t h e s p e cifi c d at a fil e wit hi n t h e gi v e n W or k T a p e; all 2 8 7 pr o d u cts h a v e t h e 
s a m e t a b ul ar f or m at,  

•  R a w H o us e k e e pi n g:  O n e  pr o d u ct  of r a w a n al o g L E A M  H o us e k e e pi n g ( E n gi n e eri n g) 
d at a wit h  fil e n a m e a 1 7 _ l e a m_ 1 9 7 6 _l 1 _ wt _ h k.t a b /. x ml, a n d  

•  C o m m a n d V erifi c ati o n :  O n e pr o d u ct  c o nt ai ni n g a l o g of L E A M  C o m m a n d V erifi c ati o ns 
wit h fil e n a m e a 1 7 _ l e a m_ 1 9 7 6 _l 1 _ wt _ c v.t a b /. x ml.  

 
R a w S ci e n c e D at a P r o d u cts  
 
T h es e pr o d u cts c o nt ai n  r a w, u nr e d u c e d, m a g nit u d e, l o c ati o n, a n d ti m e m e as ur e m e nts of i o ni z e d 
pl as m a r es ulti n g fr o m m et e orit e a n d ej e ct a i m p a cts o n t h e U p , E ast , a n d W est  fil m a n d gri d 
ass e m bli es of t h e L E A M e x p eri m e nt  [ 6, 7, 9]. T h es e m e as ur e m e nts w er e c o n v ert e d wit hi n t h e 
L E A M  e x p eri m e nt t o d i git al d at a n u m b ers ( D N)  a n d st or e d i n t h e d esi g n at e d A L S E P d at a w or ds  
[6 ] at t h e pr o p er d e m a n d ti m e i n s eri al f or m  f or r el a y t o E art h.  A L S E P M ai n Fr a m e W or ds ar e 
als o k n o w n as A L S E P d at a w or ds or si m pl y as A L S E P w or ds  
 
E a c h d ail y A S CII fil e (a 1 7 _l e a m _ 1 9 7 6 D D Dt H H _ M M _ wt T T _ F F .t a b) c o nsists of  o n e h e a d er 
r e c or d f oll o w e d b y t w o t a bl es i n t his or d er: 

1.  H e a d er: A  si n gl e r e c or d t h at i d e ntifi es t h e c ol u m ns (fi el ds) i n t h e  Ti m e Offs ets a n d R a w D at a 
t a bl es.  E a c h s ci e ntifi c d at a c ol u m n  is i d e ntifi e d b y t h e A L S E P M e as ur e m e nt N u m b er ( als o 
k n o w n as M e as ur e m e nt s y m b ol), s u c h as DJ -1, as list e d i n A p p e n di x B . 

2.  Ti m e Offs ets T a bl e:  A o n e -r e c or d fi x e d-wi dt h A S CII t a bl e t h at pr o vi d es a d eri v e d s a m pli n g -
r at e-a dj ust e d d el a y ti m e as a n offs et i n millis e c o n ds f or c o m p uti n g t h e ti m e f or e a c h d at a 
m e as ur e m e nt i n e a c h R a w D at a T a bl e r e c or d.  

T h e s a m pli n g -r at e-a dj ust e d d el a y ti m es ( offs ets) w er e c al c ul at e d  s p e cifi c all y f or t his 
r est or ati o n usi n g a n A L S E P fr a m e d ur ati o n ti m e of 6 0 3. 7 7 millis e c o n ds p er fr a m e, o r 9. 4 3 3 9 
millis e c o n ds p er A L S E P d at a w or d . 

3.  R a w D at a T a bl e:  A m ulti -r e c or d fi x e d-wi dt h A S CII t a bl e w h er e e a c h r e c or d c o nt ai ns t h e r a w 
s ci e ntifi c m e as ur e m e nts  f or o n e L E A M c y cl e . E a c h r e c or d b e gi ns wit h t h e e art h -r e c ei v e d 
ti m e i n U T C f or t h e s et of d at a i n t h at r e c or d f oll o w e d b y 3 1  r a w s ci e ntifi c m e as ur e m e nts 
i d e ntifi e d b y t heir L E A M  M e as ur e m e nt N u m b er, DJ -n : 1 1 m e as ur e m e nts fr o m t h e fr o nt a n d 
r e ar of t h e U p D u al S e ns or  Ass e m bl y ( DJ -1 t o DJ -1 1);  1 1 m e as ur e m e nts fr o m t h e fr o nt a n d 
r e ar of t h e E ast D u al S e ns or Ass e m bl y ( DJ -1 2  t o DJ-2 2 ); 7 m e as ur e m e nts fr o m t h e W est 
Si n gl e S e ns or Ass e m bl y ( DJ -2 3 t o DJ -2 7, DJ -3 0, a n d DJ -3 1);  a n d 2 e n gi n e eri n g 
m e as ur e m e nts (DJ -2 8 a n d DJ -2 9).  T h e r e c or ds ar e or d er e d b y e art h -r e c ei v e d ti m e.  A cr oss 
r ef er e n c e of e a c h DJ M e as ur e m e nt N u m b er  t o a s p e cifi c d at a p oi nt ( “ M e as ur e m e nt N a m e ”) is 
pr o vi d e d o n p a g e E -2 4 of [ 3 b ] a n d i n T a bl e 6-X of [ 6] , s h o w n i n A p p e n di x B b el o w . 

M e as ur e m e nts DJ -1, DJ -4, DJ -1 2, DJ -1 5, a n d DJ -2 3  s p e cif y t h e fil m gri d n u m b ers fr o m 0 t o 
1 5, als o k n o w n as i d e ntifi ers or I Ds, f or e a c h of t h e L E A M u p, e ast, a n d w est s e ns ors, 
r es p e cti vel y. F or a d et ail e d e x pl a n ati o n a n d ill ustr ati o ns of t his n u m b eri n g c o n v e nti o n, s e e 
t h e s u p pl e m e nt ar y writ e-u p titl e d “ A p oll o 1 7 L u n ar Ej e ct a a n d M et e orit es E x p eri m e nt - Fil m 
I D n u m b eri n g c o n v e nti o n us e d i n t h e L E A M d at a ”, a 1 7 _l e a m _fil m _i d _ c o n v e nti o n _ d es cr. p df, 
w hi c h is i n cl u d e d as a s e c o n d ar y pr o d u ct i n t h e D o c u m e nt c oll e cti o n .	

T h e D o c u m e nt c oll e cti o n als o i n cl u d es , as s ec o n d ar y pr o d u cts, s u p pl e m e nt ar y writ e -u ps t h at 
e x pl ai n  Ti m e -Of -Fli g ht ( el a ps e d ti m e) s e ns or v al u es ( DJ -1 1 a n d DJ -2 2) , t h e fil m P uls e 
H ei g ht A n al y z er l e v els (DJ -2, DJ -5, DJ -1 3, DJ -1 6, a n d DJ -2 5 ), a n d t h e mi cr o p h o n e P uls e 
H ei g ht A n al y z er l e v els (DJ -8, DJ -1 9, a n d DJ -3 0 ). S e e 
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a 1 7 _l e a m _ti m e _ of _fli g ht _s e ns or _ v al u es. p df , a 1 7 _l e a m _fil m _ p h a _l e v els. p df , a n d 
a 1 7 _l e a m _ mi cr o p h o n e _ p h a _l e v els. p df . 

T h e m e as ur e m e nts fr o m t h e v ari o us fil m a n d mi cr o p h o n e A c c u m ul at ors ( DJ -3, DJ -6, DJ -9, 
DJ -1 4 , DJ -1 7, DJ -2 0, DJ -2 6, a n d DJ -3 1) ar e m o d ul o 8  v al u es t h at c y cl e fr o m 0 t hr o u g h 7 a n d 
t h e n b a c k t o 0, c h a n gi n g b y 1 e a c h ti m e a n e v e nt is r e c or d e d . F or e x a m pl e, DJ-3 c h a n g es  b y 1 
e a c h ti m e  a n e v e nt is r e c or d e d o n t h e fr o nt fil m of t h e U p D u al S e ns or Ass e m bl y . 

T h es e r a w m e as ur e m e nts ar e pr o vi d e d i n t his t a bl e as d e ci m al i nt e g ers wit h u nits of d at a 
n u m b er ( D N) w hi c h is a n ot h er n a m e f or di git al u nit ( D U), t h e t er m t y pi c all y us e d i n A L S E P 
d o c u m e nt ati o n. D N or D U, als o k n o w n as di git al c o u nt or i nstr u m e nt c o u nt, is t h e u nit of 
m e as ur e f or t h e r a w di git al n u m b er o ut p ut b y t h e e x p eri m e nt a n al o g -t o-di git al c o n v ert er. T h e 
l a b el s p e cifi es u nits of D N w hi c h is t h e P D S c o n v e nti o n.  T h e us er s h o ul d r ef er t o t h e 
r e q uir e d r e a di n g s e cti o ns i n [ 3b ] a n d [ 6] t o u n d erst a n d t h e r a w m e as ur e m e nt v al u es.  T h ese 
p u bli c ati o ns i n di c at e t h e v al u e f or a r a w L E A M  m e as ur e m e nt c o m pris es 6 -, 4-, 3-, 2-, or 1-bit 
p ositi v e i nt e g ers.  T h er ef or e i n t h e R a w D at a t a bl e, DJ -1 1 a n d DJ -2 2 ar e 6 -bit i nt e g ers r a n gi n g 
fr o m 0 t o 6 3 D N; DJ-1, DJ -4, DJ -7, DJ -1 0, DJ -1 2, DJ -1 5, DJ -1 8, a n d DJ -2 1 ar e 4 -bit i nt e g ers 
r a n gi n g fr o m 0 t o 1 5 D N; DJ-2, DJ -3, DJ -5, DJ -6, DJ -8, DJ -9, DJ -1 3, DJ -1 4, DJ -1 6, DJ -1 7, 
DJ -1 9, DJ -2 0, DJ -2 5, DJ -2 6, DJ -3 0, a n d DJ -3 1 ar e 3 -bit i nt e g ers r a n gi n g fr o m 0 t o 7 D N; DJ -
2 3, DJ -2 4, a n d DJ -2 7 ar e 2 -bit i nt e g ers r a n gi n g fr o m 0 t o 3 D N; a n d  DJ-2 8 a n d DJ -2 8 ar e 1 -
bit i nt e g ers r a n gi n g fr o m 0 t o 1 D N.  

T h e P D S d at a l a b el d efi n es f or l a y o ut of t his t a bl e a n d d es cri b es t h e c o nt e nts of e a c h c ol u m n.  
A d diti o n al e x pl a n ati o n of t h e c o nt e nts is pr o vi d e d h er e . 

•  R e c or ds ar e or d er e d b y t h e e art h -r e c ei v e d ti m e i n t h e first c ol u m n.  T h e f or m at is Y Y Y Y -
D D D T H H: M M: S S.ss s, w h er e D D D is d a y of y e ar.   

T his e art h -r e c ei v e d ti m e is t h e ti m e w h e n t h e first w or d of t h e AL S E P fr a m e  c o nt ai ni n g 
t h e DJ-1 m e as ur e m e nt  w as r e c ei v e d o n e art h, r ef er e n c e d  t o t h e st a n d ar d ti m e si g n al 
r e c ei v e d at a M a n n e d S p a c e Fli g ht N et w or k st ati o n .  W h e n t h e o p er at ors h a d a pr o bl e m 
r e a di n g t h e ti m e si g n al, t h e y s u bstit ut e d it wit h a c o m p ut er-g e n er at e d ti m e,  w hi c h t h e y 
c all e d  t h e “s oft w ar e cl o c k ” .  

T h e e art h -r e c ei v e d ti m e is f oll o w e d b y a q u alit y fl a g w hi c h is s et t o a n ast eris k “ * ”  if t h e 
ti m e v al u e is fr o m t h e s oft w ar e cl o c k; if t h er e is a s us p e ct e d tr a ns missi o n, d at a 
s y n c hr o ni z ati o n or t a p e r e a d err or  i n t h e v al u e; or if t h e ti m e v al u e is cl e arl y o utsi d e t h e 
e x p e ct e d r a n g e f or t his r est or ati o n eff ort.   A n e g ati v e si g n “ -”  i n di c at es t his v al u e is t h e 
e art h -r e c ei v e d ti m e, a n d t h e v al u e d o es n ot h a v e a s us p e ct e d r e a d or tr a ns missi o n err or or 
t h at it is u nk n o w n if t h er e w as a n err or  a n d t h er ef or e c o ul d still c o nt ai n a n err or . 

•  A d at a v al u e of i nt e g er -9 ( n e g ati v e ni n e) i n di c at es a missi n g v al u e . 

•  E a c h DJ  d at a v al u e  is f oll o w e d b y a q u alit y fl a g w hi c h is s et t o a n ast eris k “ * ” if t h at d at a 
v al u e  h as a s us p e ct e d tr a ns missi o n, d at a s y n c hr o ni z ati o n or t a p e r e a d err or .  A n e g ati v e 
si g n “-”  i n di c at es t his d at a m e as ur e m e nt d o es n ot h a v e a s us p e ct e d r e a d or tr a ns missi o n 
err or or t h at it is u n k n o w n if t h er e w as a n err or  a n d t h er ef or e c o ul d  still c o nt ai n a n err or . 

•  T o  c o m p ut e t h e ti m e f or a s p e cifi c d at a m e as ur e m e nt , a d d t h e millis e c o n ds ti m e offs et, 
w hi c h is  f o u n d i n t h e si n gl e -r e c or d t a bl e Ti m e Offs ets f or t h e d at a m e as ur e m e nt c ol u m n 
of i nt er est, t o t h e ti m e st a m p  ( e art h-r e c ei v e d ti m e) i n t he first c ol u m n of t h e R a w D at a 
r e c or d c o nt ai ni n g t h e d at a m e as ur e m e nt of i nt er est. 

•  T h e  e art h -r e c ei v e d ti m es c a n b e r ef or m att e d fr o m Y Y Y Y-D D D T H H: M M: S S.sss t o 
d e ci m al d a y b y e xtr a cti n g t h e d a y of y e ar ( D D D), h o ur ( H H), mi n ut e ( M M), a n d s e c o n ds 
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( S S.sss) stri n gs fr o m t h e ti m est a m p, c o n v erti n g t h e m t o fl o ati n g p oi nt, t h e n p erf or mi n g 
t his c al c ul ati o n:  

d e ci m al d a y = D D D + ( H H * 3 6 0 0. + M M * 6 0. + S S.sss) / 8 6 4 0 0. 0  

w h er e 8 6 4 0 0. 0 is t h e n u m b er of s e c o n ds i n a d a y.  P a y c ar ef ul att e nti o n t o t h e n u m b er of 
di gits t h e c o m p u t er c arri es.  F or e x a m pl e, t o pr es er v e t h e millis e c o n d-r es ol uti o n of t h e 
ti m est a m ps 1 1 d e ci m al di gits ( or 3 5 bi n ar y di gits) n e e d b e k e pt, a n d t h er ef or e t h e 
v ari a bl es D D D, H H, M M, a n d S S.sss m a y n e e d t o b e d efi n e d as d o u bl e -pr e cisi o n fl o ati n g 
p oi nt. Usi n g s i n gl e-pr e cisi o n fl o ati n g -p oi nt v ari a bl es t o r ef or m at t h e ti m est a m ps w o ul d 
r e d u c e t h e r es ol uti o n t o a b o ut a s e c o n d. 

 
R a w H o us e k e e pi n g D at a P r o d u ct  
 
T his pr o d u ct c o nt ai ns r a w L E A M  H o us e k e e pi n g ( H K ) m e as ur e m e nts, i d e ntifi e d b y M e as ur e m e nt 
N u m b ers AJ -n , fr o m a n al o g s e ns ors t h at i n di c at e t h e c o n diti o n of t h e L E A M  e x p eri m e nt.  
H o us e k e e pi n g m e as ur e m e nts  w er e st or e d i n A L S E P W or d 3 3  [ 3] as M e as ur e m e nt N u m b ers AJ -1 
t o AJ-1 1 f or r el a y t o E art h. 
 
T h e A S CII H K fil e ( a 1 7 _l e a m _ 1 9 7 6 _l 1 _ wt _ h k .t a b) c o nsists of o n e h e a d er r e c or d f oll o w e d b y 
t w o t a bl es i n t his or d er: 

1.  H e a d er: A si n gl e r e c or d t h at i d e ntifi es t h e c ol u m ns (fi el ds ) i n t h e Ti m e Offs ets a n d R a w H K 
t a bl es.  E a c h H K d at a c ol u m n is i d e ntifi e d b y t h e A L S E P M e as ur e m e nt N u m b er s s u c h as AJ -
1  as list e d i n A p p e n di x C.  

2.  Ti m e Offs ets  T a bl e:  A o n e -r e c or d fi x e d-wi dt h A S CII t a bl e t h at pr o vi d es a d eri v e d s a m pli n g -
r at e-a dj ust e d d el a y ti m e as a n offs et i n millis e c o n ds f or c o m p uti n g t h e ti m e f or e a c h d at a 
m e as ur e m e nt i n e a c h R a w H K T a bl e r e c or d . 

T h e s a m pli n g -r at e-a dj ust e d d el a y ti m es ( offs ets) w er e c al c ul at e d usi n g t h e s a m e A L S E P 
fr a m e d ur ati o n ti m e as t h e R a w S ci e n c e D at a Pr o d u cts: 6 0 3. 7 7 millis e c o n ds p er fr a m e, or 
9. 4 3 3 9 millis e c o n ds p er A L S E P d at a w or d.  

3.  R a w H K   T a bl e:  A m ulti -r e c or d fi x e d-wi dt h  A S CII t a bl e c o nt ai ni n g  r a w a n al o g  L E A M  
H o us e k e e pi n g  d at a , w h er e o n e r e c or d c o nt ai ns t h e h o us e k e e pi n g m e as ur e m e nts fr o m W or d 
3 3 of  A L S E P fr a m e  n u m b ers 8 3, 8 4, a n d 8 5.  E a c h r e c or d b e gi ns wit h t h e r ef er e n c e e art h -
r e c ei v e d ti m e i n U T C f or t h e s et of d at a i n t h at r e c or d f oll o w e d b y: t h e fr a m e 8 3 
M e as ur e m e nt N u m b er  (1, 2, 3, 4, or 5 f or AJ -1, AJ -2, AJ -3, AJ -4, or AJ -5 , r es p e cti v el y) a n d 
its d at a v al u e; t h e fr a m e 8 4 M e as ur e m e nt N u m b er  (6, 7, 8, 9, or 1 0 f or AJ -6, AJ -7, AJ -8, AJ -
9, or AJ -1 0 , r es p e cti v el y) a n d its d at a v al u e ; a n d t h e fr a m e 8 5 d at a m e as ur e m e nt ( AJ -1 1). T h e 
r e c or ds ar e or d er e d b y e art h-r e c ei v e d ti m e.  A cr oss r ef er e n c e of e a c h AJ M e as ur e m e nt 
N u m b e r t o a s p e cifi c d at a p oi nt ( “ M e as ur e m e nt N a m e ”) is pr o vi d e d o n p a g e E -1 1 of [ 3 b ] a n d 
i n A p p e n di x C.  E a c h H K m e as ur e m e nt AJ -1 t o AJ -1 0  a p p e ars o n c e e v er y 4 5 0 A L S E P 
fr a m es, a b o ut o n c e e v er y 4. 5 mi n ut es  [ 7: p a g es 2 2 5 a n d 2 3 3] as d es cri b e d i n A p p e n di x  C . 

T h es e r a w m e as ur e m e nts ar e pr o vi d e d i n t his t a bl e as d e ci m al i nt e g ers wit h u nits of d at a 
n u m b er ( D N).  T h e us er s h o ul d r ef er t o t h e r e q uir e d r e a di n g s e cti o ns i n [ 3 b ] a n d [ 6] t o 
u n d erst a n d t h e r a w H K v al u es a n d t h e o p er ati n g r a n g e a n d n o mi n al li mits f or t h e H K a n al o g 
s e ns ors.  T h es e p u bli c ati o ns i n di c at e t h e v al u e f or a r a w L E A M  H K m e as ur e m e nt c o m pris es 
8 -bits, a n d t h us t h e r a n g e of i nt e g er v al u es i n t h e R a w H K t a bl e i s 0 t o + 2 5 5 D N . Pl e as e n ot e 
t h e n o mi n al o p er ati n g li mits a n d o p er ati n g r a n g es f or AJ-1 t o AJ -1 1 s h o w n i n A p p e n di x C  
ar e i n p h ysi c al u nits s u c h as v olts or d e gr e es  F a hr e n h eit . 
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T h e P D S d at a l a b el d efi n es f or l a y o ut of t his t a bl e a n d d es cri b es t h e c o nt e nts of  e a c h c ol u m n 
a n d if a p pli c a bl e its r a n g e of v al u es a n d t h eir m e a ni n gs. A d diti o n al e x pl a n ati o n of t h e 
c o nt e nts is pr o vi d e d h er e:  

•  R e c or ds ar e or d er e d b y t h e e art h -r e c ei v e d ti m e i n t h e first c ol u m n.  

T his e art h -r e c ei v e d ti m e is t h e U T C ti m e w h e n t h e first w ord of t h e A L S E P fr a m e  
n u m b er 8 3  w as r e c ei v e d o n e art h, r ef er e n c e d t o t h e st a n d ar d ti m e si g n al r e c ei v e d at a 
M a n n e d S p a c e Fli g ht N et w or k st ati o n .  W h e n t h e o p er at ors h a d a pr o bl e m r e a di n g t h e 
ti m e si g n al, t h e y s u bstit ut e d it wit h a c o m p ut er -g e n er at e d ti m e, w hi c h t h e y c all e d t h e  
“s oft w ar e cl o c k ” .  

T h e e art h -r e c ei v e d ti m e is f oll o w e d b y a q u alit y fl a g w hi c h is s et t o a n ast eris k “ * ” if t h e 
ti m e v al u e is fr o m t h e s oft w ar e cl o c k; if t h er e is a s us p e ct e d tr a ns missi o n, d at a 
s y n c hr o ni z ati o n  or t a p e r e a d err or i n t h e v al u e; or if t h e ti m e v al u e is cl e arl y o utsi d e t h e 
e x p e ct e d r a n g e f or t his r est or ati o n eff ort .  A n e g ati v e si g n “ -” i n di c at es t his v al u e is t h e 
e art h -r e c ei v e d ti m e, a n d t h e v al u e d o es n ot h a v e a s us p e ct e d r e a d or tr a ns missi o n err or or 
t h at it is u n k n o w n if t h er e w as a n err or a n d t h er ef or e c o ul d still c o nt ai n a n err or . 

•  T his r est or ati o n eff ort assi g n e d M e as ur e m e nt N u m b ers AJ -n ( w h er e ‘ n’ is 1 t o 1 0)  i n t h e 
R a w H K t a bl e b e c a us e t h e DJ -2 8 a n al o g s y n c p ar a m et er, w hi c h s h o ul d b e s et t o a l o gi c al 
o n e w h e n AJ -1 a n d AJ -6 ar e i n p ut t o t h e A L S E P d at a str e a m f or t h e st art of a n AJ -1 t o 
AJ -1 0 c y cl e, w as u nr eli a bl e f or t h e ti m e s p a n of t his d at a c oll e cti o n. A v al u e of  i nt e g er 
8 8 i n di c at es t h e M e as ur e m e nt N u m b er is u n d et er mi n e d.  

•  A H K  v al u e of i nt e g er -9 ( n e g ati v e ni n e) i n di c at es a missi n g v al u e . 

•  T a bl es 6 -VIII a n d 6 -X of [ 6] , s h o w n i n A p p e n di x C, s p e cif y t h e n o mi n al o p er ati n g li mits 
a n d o p er ati n g r a n g es  f or t h e a n al o g s e ns ors f or H K  m e as ur e m e nts A J-1 t hr o u g h A J-1 1 .  
Pl e as e n ot e t h es e v al u es ar e gi v e n i n p h ysi c al u nits, n o t D N. 

•  E a c h H K  d at a v al u e  is f oll o w e d b y a q u alit y fl a g w hi c h is s et t o a n ast eris k “ * ” if t h at 
d at a v al u e h as a s us p e ct e d tr a ns missi o n, d at a s y n c hr o ni z ati o n or t a p e r e a d err or .  A 
n e g ati v e si g n “ -”  i n di c at es t his d at a m e as ur e m e nt d o es n ot h a v e a s us p e ct e d r e a d or 
tr a ns missi o n err or or t h at it is u n k n o w n if t h er e w as a n err or a n d t h er ef or e c o ul d still 
c o nt ai n a n err or . 

•  T o  c o m p ut e t h e st art ti m e f or a s p e cifi c H o us e k e e pi n g m e as ur e m e nt , a d d t h e 
millis e c o n ds ti m e offs et, w hi c h is f o u n d i n t h e si n gl e-r e c or d t a bl e Ti m e Offs ets f or t h e 
H o us e k e e pi n g m e as ur e m e nt c ol u m n of i nt er est, t o t h e ti m e st a m p  ( e art h-r e c ei v e d ti m e) i n 
t h e first c ol u m n of t h e R a w H K r e c or d c o nt ai ni n g t h e H o us e k e e pi n g m e as ur e m e nt of 
i nt er est. 

 
C o m m a n d V e rifi c ati o n D at a P r o d u ct  
 
T his pr o d u ct pr o vi d es a ti m e -or d er e d l o g of  c o m m a n ds  s p e cifi c t o L E A M  o p er ati o ns t h at w er e 
r e c ei v e d b y A p oll o 1 7 A L S E P  a n d a ct e d u p o n. T h es e C o m m a n d V erifi c ati o ns ( C V) ar e st or e d i n 
A L S E P W or d 7 as M e as ur e m e nt N u m b ers D A -5 a n d D A -6  f or r el a y t o E art h. 
  
T h e A S CII C V fil e ( a 1 7 _l e a m _ 1 9 7 6 _l 1 _ wt _ c v .t a b) c o nsists of o n e h e a d er r e c or d a n d o n e t a bl e  i n 
t his or d er: 

1.  H e a d er: A si n gl e r e c or d t h at i d e ntif i es t h e c ol u m ns (fi el ds) i n t h e C V L o g  t a bl e. 
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2.  C V L o g   T a b l e:  A m ulti -r e c or d fi x e d-wi dt h  A S CII t a bl e pr o vi di n g a l o g of  ti m e-or d er e d 
C o m m a n d V erifi c ati o n ( C V) m ess a g es f or L E A M  o p er ati o ns .  C V m ess a g es c o nsist of a 
c o m m a n d c o u nt er c o d e (t h e C V v al u e) a n d its M ess a g e A c c e pt a n c e P uls e ( M A P) bit fl a g t h at 
r e a ds o ut a “ 1 ” w h e n t h e c o m m a n d p arit y err or c h e c k w as s u c c essf ul a n d t h e c o m m a n d w as  
a c c e pt e d a n d  a ct e d u p o n, as e x pl ai n e d o n p a g e E -8 of [ 3 b ].  E a c h r e c or d c o nt ai ns  a n e art h -
r e c ei v e d ti m e, t h e c o m m a n d c o u nt er c o d e as a n o ct al i nt e g er  a n d its M A P f or o n e C V 
m ess a g e.   T h e C V v al u es f or L E A M  o p er ati o ns ar e list e d i n A p p e n di x D  of t his d o c u m e nt.  

•  R e c or ds ar e or d er e d b y t h e e art h -r e c ei v e d ti m e i n t h e first c ol u m n. 

T h e ti m e gi v e n h er e is n ot t h e c o m m a n d ti m e.  It is t h e  e art h -r e c ei v e d ti m e i n U T C of  t h e 
first w or d of t h e A L S E P fr a m e i n w hi c h t h e C V w as r e c or d e d, r ef er e n c e d t o t h e st a n d ar d 
ti m e si g n al r e c ei v e d at a M a n n e d S p a c e Fli g ht N et w or k st ati o n .  T h e c o m m a n d w a s 
r e c ei v e d a n d a ct e d u p o n s o m eti m e b ef or e t h e C V  w as r e c or d e d ( + 5 7 millis e c o n ds  aft er 
t h e e art h-r e c ei v e d ti m e).  W h e n t h e o p er at ors h a d a pr o bl e m r e a di n g t h e ti m e si g n al, t h e y 
s u bstit ut e d  it wit h a c o m p ut er -g e n er at e d ti m e, w hi c h t h e y c all e d “s oft w ar e cl o c k ” . 

T h e e art h -r e c ei v e d ti m e is f oll o w e d b y a q u alit y fl a g w hi c h is s et t o a n ast eris k “ * ” if t h e 
ti m e v al u e is fr o m t h e s oft w ar e cl o c k; if t h er e is a s us p e ct e d tr a ns missi o n, d at a 
s y n c hr o ni z ati o n or t a p e r e a d err or i n t h e v al u e; or if t h e ti m e v al u e is cl e arl y o utsi d e t h e 
e x p e ct e d r a n g e f or t his r est or ati o n eff or t.  A n e g ati v e si g n “ -” i n di c at es t his v al u e is t h e 
e art h -r e c ei v e d ti m e, a n d t h e v al u e d o es n ot h a v e a s us p e ct e d r e a d or tr a ns missi o n err or or 
t h at it is u n k n o w n if t h er e w as a n err or a n d t h er ef or e c o ul d still c o nt ai n a n err or . 

•  T h e c o m m a n d c o u nt er c o d e a n d  its M A P bit ar e  f oll o w e d b y a q u alit y fl a g w hi c h is s et t o 
a n ast eris k “ * ” if t h e C V a n d/ or its M A P h as a s us p e ct e d r e a d or tr a ns missi o n err or.  A 
n e g ati v e si g n “ -”  i n di c at es t h es e v al u es d o n ot h a v e a s us p e ct e d r e a d or tr a ns missi o n err or 
or t h at it is u n k n o w n if t h er e w as a n err or  a n d t h er ef or e c o ul d still c o nt ai n a n err or . 

 
C a v e ats/ C o nfi d e n c e L e v el  
 
E art h -R e c ei v e d Ti m e  
 
T h e e art h -r e c ei v e d ti m es i n t h e d at a pr o d u cts ar e a p pr o xi m at el y 1. 1 9 t o 1. 3 7 s e c o n ds aft er t h e 
ti m e w h e n t h e d at a w er e a c q uir e d o n t h e m o o n.  T his esti m at e, t a k e n fr o m e p h e m eri d es c o m p ut e d 
b y t h e J P L H ori z o ns S yst e m ( htt ps://ss d.j pl. n as a. g o v/ ? h ori z o n s), is t h e mi ni m u m a n d m a xi m u m 
o n e -w a y d o w n -l e g li g ht-ti m e fr o m t h e c e nt er of t h e m o o n (r a di us 1 7 3 7 k m) t o a M a n n e d S p a c e 
Fli g ht N et w or k st ati o n o n E art h ( C a n b err a or G ol dst o n e) f or t h e ti m e s p a n of t h e d at a pr o d u cts.  
 
R a w D at a vs. R e d u c e d D at a  
 
T his  c oll e cti o n  c o nt ai ns o nl y r a w, u nr e d u c e d d at a i n u nits of D N ( di git al  c o u nts) .  I nf or m ati o n f or 
tr a nsf or mi n g t h e r a w D N  t o p h ysi c al v al u es is n ot r e a dil y a v ail a bl e, a n d pr o vi di n g t his al o n g wit h 
c ali br ati o n i nf or m ati o n a n d tr a nsf er f u n cti o n of t h e i nstr u m e n t is b e y o n d t h e s c o p e o ur r est or ati o n 
eff ort.  Pl e as e n ot e T a bl es 6 -VIII a n d 6 -X of [ 6] , s h o w n i n A p p e n di x C, pr o vi d e  d esi g n  v al u es , 
w hi c h m a y b e s uffi ci e nt f or s o m e a n al ys es,  a n d n ot t h e r e al  c ali br ati o n v al u es . 
 
T h e  L E A M i nstr u m e nt is i d e nti c al t o t h e C o s mi c D ust D et e ct ors ( C D D) o n t h e Pi o n e er  8 a n d 9 
s p a c e cr aft, a n d t h e r es ulti n g d at a ar e c o n n e ct e d. T h e m ai n c ali br ati o n s f or L E A M ar e c o nt ai n e d i n 
t h e Pi o n e er 8 a n d 9 C D D c ali br ati o n n ot e b o o k # 1 b y Dr. Ott o B er g [ 1 0], t h e PI f or all t hr e e 
i nstr u m e nts.  R es e ar c h ers s h o ul d als o c o ns ult t h e Pi o n e er 8 a n d 9 C D D c ali br ati o n n ot e b o o k # 2  
[ 1 0] a n d t h e L E A M c ali br ati o n n ot e b o o k [ 1 1], als o b y Dr. B er g.  F or  e x a m pl e , p er 
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c o m m u ni c ati o n fr o m e xt er n al r e vi e w er J as o n M c L ai n:  " D at a o n t h e  p uls e h ei g ht a n al ysis ( P H A)  
v ers us  ki n eti c e n er g y ( K E) s u c h as t h os e s h o w n  o n p a g e 1 1  of C D D n ot e b o o k # 1 [ 1 0]  ar e n e e d e d 
t o d et er mi n e t h e m ass of a d ust i m p a ct or.  U n d erst a n di n g t h e r a n g e of t h e P H A v al u e ( 0-7) wit h 
r es p e ct t o t h e K E distri b uti o n is v er y i m p ort a nt. O n e m aj or c a v e at is t hat t h es e P H A v al u es as 
w ell ti m e-of -fli g ht c ali br ati o ns ar e t e m p er at ur e d e p e n d e nt. I b eli e v e t h at t h e n ot e b o o ks c o nt ai n 
e n o u g h of t h e c ali br ati o n d at a if s o m e o n e w as i nt er est e d t h at t h e y c o ul d di giti z e a n d d eri v e t h e 
m ass a n d v el o cit y of t h e i m p a ct ors usi n g t h e L E A M d at as et wit h t h e C D D c ali br ati o n d at a."  
 
D at a Q u alit y  
 
T h e g o al f or t his r est or ati o n w as t o r e c o v er as m u c h of t h e ori gi n al d at a fr o m t a p e as p ossi bl e 
wit h o ut o v eri nt er pr eti n g a n d o v er c orr e cti n g t h e v al u es. Alt h o u g h o b vi o us bit errors w er e cl e a n e d 
i n t h e s o ur c e bi n ar y fil es, s o m e still e xist i n t h os e d at a a n d ar e c arri e d o v er t o t h e A S CII pr o d u cts  
i n t his c oll e cti o n.  Corr e cti n g a n d fl a g gi n g of all p ossi bl e err ors w er e b e y o n d t h e s c o p e of t his 
r est or ati o n.  H o w e v er, t h e  us er n e e ds t o b e a w ar e of t h es e err ors a n d k n o w t h at t h es e c o ul d  b e 
c orr e ct e d , if n e c ess ary , b ut n ot al w a ys.  S o m e k n o w n d at a q u alit y iss u es m ost li k el y c a us e d b y a 
tr a ns missi o n, d at a s y n c hr o ni z ati o n  or t a p e r e a d  err ors ar e:  
 

•  T h e q u alit y fl a g t h at f oll o ws t h e e art h -r e c ei v e d ti m e i n t h e d at a pr o d u cts is n ot p erf e ct, 
a n d t h er e ar e c as es w h er e t h e fl a g is n ot t ur n e d o n ( n ot s et t o a n ast eris k “ * ”) alt h o u g h t h e 
ti m e st a m p a p p e ars t o b e i n c orr e ct.  T h e g o al f or t his r est or ati o n w as t o r e c o v er as m u c h 
of t h e ori gi n al  d at a fr o m t a p e as p ossi bl e wit h o ut o v eri nt er pr eti n g t h os e v al u es.  
 

•  S o m e v al u es f or e art h -r e c ei v e d ti m e h a v e d a y of y e ar v al u es t h at a p p e ar t o b e o ut of 
t e m p or al or d er or b e y o n d t h e ti m e s p a n of t his c oll e cti o n, or b e i n v ali d ti m es s u c h a 
“ 1 9 7 6 -0 0 0 T 0 0: 0 0: 0 0. 0 0 0 ” i n a 1 7 _l e a m _ 1 9 7 6 1 9 0t 0 0 _l 1 _ wt 0 5 _ 2 8.t a b a n d 
a 1 7 _l e a m _ 1 9 7 6 1 9 6t 0 1 _l 1 _ wt 0 5 _ 4 5.t a b . T his r est or ati o n eff ort att e m pt e d t o fl a g t h es e 
ti m es. Si n c e t h e d at a t h at f oll o w ar e li k el y t o b e c orr e ct, t h e i n c orr e ct ti m es c a n oft e n b e 
i nt er p ol at e d fr o m c orr e ct ti m es b ef or e a n d aft er.  
 

•  I n t h e r a w sci e n c e d at a fil es,  r e c or ds m a y b e  d u pli c at e d n ot j ust at t h e e n d of o n e fil e t o 
t h e n e xt b ut als o wit hi n a fil e w h e n t h e gr o u n d tr a c ki n g a n d r e c ei vi n g st ati o ns o n E art h  
s wit c h e d fr o m o n e t o t h e n e xt.   T h e H K a n d C V fil es al s o h a v e m a n y s h ort ti m e o v erl a ps 
i n t h e r e c or ds w h e n t h e d at a r e c e pti o n w as s wit c h e d fr o m o n e gr o u n d tr a c ki n g a n d 
r e c ei vi n g st ati o n o n E art h t o t h e n e xt. 

 
•  T h e  bi n ar y t o A S CII tr a nsl ati o n di d n ot  s ki p all A L S E P fr a m es f or w hi c h t h e s y n c bit 

p att er n i n t h e bi n ar y s o ur c e d at a i n di c at e d t h at t h e d at a ar e o ut of s y n c. I nst e a d, e a c h s y n c 
p att er n w as e x a mi n e d, a n d if it i n di c at e d bit s hifts, i. e., if t h er e w er e m or e t h a n t w o 
i n c orr e ct bits i n t h e p att er n of th e 2 2 -bit stri n g, t h e n t h e d at a w er e n ot dis c ar d e d  a n d t h e 
d at a q u alit y fl a gs w er e s et t o a n ast eris k “ * ” . T h e ass u m pti o n is t h at if o nl y o n e or t w o 
bits ar e i n c orr e ct, it is li k el y c a us e d b y  bit err ors a n d n ot bit s hifts, a n d t h us is n ot li k el y 
t o aff e ct t h e d at a t h at f oll o w. 
 

•  T h e pr o gr a m W T L E A M Ks.f w hi c h  g e n er at e d a n i niti al H K  fil e f ail e d t o c orr e ctl y assi g n 
AJ -n  n u m b ers i n c ert ai n c as es, s u c h as w h e n a d at a g a p, i n c orr e ct ti m e or i n c orr e ct fr a m e 
n u m b er w as e n c o u nt er e d. T h e d at a pr o vi d er m a n u all y c orr e ct e d t h os e  i n c orr e ct 
assi g n m e nts  i n t h e fi n al H K fil e, a 1 7 _l e a m _ 1 9 7 6 _l 1 _ wt _ h k.t a b, w hi c h is c o nt ai n e d i n 
t his ar c hi v e. 
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•  S o m e v al u es i n t h e st at us c ol u m n  of t h e C V fil e  m a y b e  i n c orr e ct t h at m ost li k el y r es ult e d 
fr o m t a p e r e a d or d at a s y n c hr o ni z ati o n err ors .  T his  is oft e n r efl e ct e d i n t h e q u alit y fl a gs 
f or t h e d at a c ol u m ns, w hi c h ar e  t ur n e d o n (s et t o a n ast eris k “ * ”) w h e n t h e d at a ar e o ut of 
s y n c hr o ni z ati o n.  
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A p p e n di x A  
 
T h e A p oll o 1 7 A L S E P m ai n fr a m e w or d assi g n m e nts fr o m [ 6]. 
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A p p e n di x B  
 
A cr oss r ef er e n c e of s ci e ntifi c d at a m e as ur e m e nts DJ -1 t o DJ -3 1 t o a s p e cifi c d at a p oi nt 
( “ M e as ur e m e nt N a m e ”), e x c er pt e d fr o m p a g e 6-2 5  i n [ 6]. 
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A p p e n di x C  
 
N o mi n al o p er ati n g li mits a n d o p er ati n g r a n g e s f or t h e a n al o g s e ns ors f or H o us e k e e pi n g 
m e as ur e m e nts AJ -1 t hr o u g h AJ -1 1, e x c er pt e d fr o m p a g es 6 -1 8 a n d 6 -2 6  i n [ 6]; a n d su p pl e m e nt al 
i nf or m ati o n a b o ut w h at e a c h p ar a m et er m e as ur es a n d h o w AJ-1 t o AJ -1 0 ar e m ulti pl e x e d i n t h e 
A L S E P d at a str e a m, e x c er pt e d fr o m p a g es 2 3 3 a n d 2 2 5 i n [ 7].   T h e t er m “ c h a n n el ” m e a ns t h e  
A L S E P fr a m e n u m b er.  
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[ 7: P a g e 2 3 3 ] 

[ 7: P a g e 2 2 5]  
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A p p e n di x D  
 
C o m m a n d V erifi c ati o n v al u es a n d  t h eir a cti o ns f or t h e L E A M  i nstr u m e nt, e x c er pt e d fr o m p a g es 
5 -3 3 a n d 5 -3 5  i n [ 6].  T h e L E A M  c o m m a n ds us e d d uri n g t h e ti m e s p a n of t his d at a c oll e cti o n ar e  
o ct al  i nt e g ers 1 1 1, 1 1 2, a n d 1 1 4.   S u p pl e m e nt al e x pl a n ati o n of t h es e c o m m a n ds, e x c er pt e d fr o m  
p a g e 2 3 1 of [ 7].  
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