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A LOW-COST” INFRARED TELEMETRY SYSTEM

FOR KILOHERTZ-BANDWIDTH DATA ACQUISITION

~fl D ~~}]d~r.. . .

Los Alamos National Laboriitory

Los Altimos, NM 87545, USA

ABSTRA~

A telemetry system is described that transmits data from three il-id-lz analog inputs by means of an

infrared-optical-digital communications channel. This system is used to acquire accelerometer data on a

rocket sled during its 3(X)-m flight. An optical communications channel at 950 nm is used to send

digitally encoded analog signals from the sled to a fixed receiver. The signal is recorded and decoded

by a computer. The transmitter includes a differential amplifier und low-pass filter for each input

chtinnel. Excitation for piezorcsistive ticcelerometers is also provided. Euch input chitnnel is sarrmlcd

and digitized at a 16-kHz rote. The tmnsmitter is built on a sil]gle printed-circuit cirrd measuring 7’.5cm

by 23 cm, weighing less tharl 450 g inciuding batteries. This system can be used on tests involving

des~uclion of the tritnsmitter because of its low cost.

1. INTRODUCTION

The Explosives Applications Group at Los Alamos has recently constructed a 3(X)-m rocket sled

triwk for missile w,arhead testing. w~rhe~d p~~k;lges U-Caccelerated to speeds in excess Of 3(X)M/S

(see Fig. 1). In f(~rmiition iibilt the shock loading of warheud packilges is needed for design pUrpOSCS.

“Ilrcc d-kI Ir, channels for iiccclcromctcr Sigrrids are required.

Commcrci; d equipment using radio-frequency channels is avtii!i~hlc for this type of testing,

1iowcvcr, this cquip~,~ tit is expensive bumse robust consu-w.xiorr is required tcr slmvivc the extreme

shin. k environment it!)(>iir(j (he mis:ilc in flight, id iit~ expensive ground Stiitk)n is required. ‘lllc ~c~st

(J( [hc [ransmittcr, which rmy bc destroyed by the w;lrhead being tested, could be 25-50% O( the test

C’OSt, ‘l?lCSC PotClltiill LX)StS fTlotil.’iltC(l thC (k’V(~l(lplllcnt (>f il much ICSS cxpcnsivc SYS(CIII t!l:it C{)Uld k

(Icslroymi without concern for i[s cost.

2. SYS”I”I;M :) VI{RVil;W



I;igurc 1. Rocket sled asscxnbly,

3. OPTICAL CHANNEL

“Ilc Scimens SFI{-4(X)-3 infrared-crnitting diode is the b;isis of the optical channel. his diode is

spcciflcd to emit i~n opthil intcnsi[y of 32 nlW/sr tit 100-mA drive current. I [owcver, if it is pulsed

‘with 7 tf for 30!! n:;, it prmiucxx; :1puk intensity of >500 mW’/sr. An intcgrd lens, which piduCes ;~

i 2’) half-intensity beam. ;L the only optid element needed on ~hc t.mnsmittcr, An ll{F@$()Power mct,d.,
~)xidc semiconductor Iicld-effect tr:msistor driven hy :1300-IN”pulse is usmi to sw itch the diode at the

required current (I:ig. 3),

An R(’A <~A3080H PIN phot(xii(xie is used in the pt~[~t(w{~rlcillutivemode to detect the. 950-tun

pulses in t!w rccc:vcr (I;ig. 4), A ciiscude wt~pliflcr (giiin = 4X1(}5VII\) brings the signul I(}:1useful

Icvcl, ‘Illc c(>mplctc rcccivcr cxhihits ;1 lloi:>C-cLllliVlllCl)t optiClll l~~wcr of ilp~)N)Xillli~tL’1~ 20 llW.

A rcucivin~ Icns is rcqilirc(i to c(dlccv the trimsn}ittc(i lighi. ‘IIc [In]ollrlt of light power L’()] Icctc(i is
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Figure 3. Pcwer MOSFET diode pulser.

An RG-780 glass filter is used to ieducc the quiescent current of the photodiode caused by ambient

visible light. Shot noise caused by quiescent cument is the largest single source of receiver noise.

Light produced by the rocket motors also affects the optical channel. The amplitude-nmduk.ion

spectrum :md intensity of this light were meimm%. Dominant frequencies of the amplitude modulation

were bclmv 30 k}lz iind we eiisily filtcrrx{ out irl the receiver amplifier by using three stages of ~itin.

‘IIN tlrst stage is ii de-coupled c;uwode ~mplificr circui: with ;~gtiin of 1000 V/A. The two remaining

stirgcs urc i~~-~~upld comm{m crnitter circuils with a voltage gain of 25 c;wh. The tic roll-off between

stii~~s ;ittenu:ites the si~n;d from dw rocket motor plume while wnpiifying the short pulse from the

trmsmiltcr.

4. “IllANSM1”ITl;R

A single pnnte(i-cimuit boiir(i contuins the cornplctc tclernctry trwrsmittcr. This boilr(i measures ‘?.5

hy 23 C’111:!11(1 weighs ICSS Ihill] 450 g. A simpic iYIYW(XUi mount is USCd to iittii~h it t(>the rt~kct sled

( l~ig. 5). l]:)wcr for the triinsmi[tcr is pr(widcd hy a 15-V Ni-{’d bittter~.

“I%rrc inputs ilm imwidcd wi(h I(). V c~{;i[i~ti(l[lf[;r picz,orcsls[ivc ii~~~l~ronl~t(:rs. A singlccmiui

(Ii!’fcrcnti:il mpli[icr illl(i 3 l)olr! low ‘lli\ss filter Ilrc inc.lu~ie(if~}rc:lcll input. Illc’h input signal is

s;llllpl~’d ;It 16 kl [7 t(l H hits (~t’:lc’CllriiL.v t 1/2 Iciist sipnitic.:mt t)it. ‘I”hc I(tkl [7 s;~mplin!: mtc



●8V

t

+15V

k Lk470Loa4cz

0.01

T
I

+8V To Cbrcull

-_ .

+W

t

F@re4. OpticaI detector/amplifier.



Figurc5. ‘I’ypictil trJnsmi[ter mcJunting.

c(~rrcspoll[isto!llc” Nyquist siimplingr;i[cf(m~ kIlz. t);mdwidth. “I?w digi[izcd sample!; of each channel

;!rc ~r(mped inti) a .32t)it pw. kct. A stw-t hit. :?(I d:it;I bits, :~ptirity bit. and 6 smp bits are gcrmuted tit

5(M) kl]it/s, “I”hc bit $trcum is s;mpltd. :Ind two IR-emitting diodes are pulsed alternately. to prodw

s(M)-k IJ 11/s (jiitii r;ltc. ]l:i~’hdi(dc, thcret’(m, operates tit orll y 250 ki~it/s.
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Figure 6. Receiver assembly

6. DATA RECC)RDING AND ANALYSIS

Tlc outmt pulses from the receiver tire restored to their original digit.nl levels by a discriminator.

“I?Kpulse l&ths are stretched to 2 ps, which corresponds to the fWO-kF3it/sdata rate. This bit stream

is ~iip~.[]~d in u seriid-tmparcllel converter and recoKIed on a Mticintosh computer. I?le bit stream is

skmxl itl a binury file to be decoded off line.

lkoding Softwilrc converts the bit smxun into binary numbers, along with it time for euch numlxr.

“lIICSC(l~l[il C:III then k s~iil~(! [O g’s, biisc(l on Ihc ctilibration (iatiI for [k hansmitwr, Typical dii~

rcduc[ion imludcs shock spectra “IdFourkr analysis (Fig. 7).
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Figure 7. Spectral power-density analysis.


