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Design of Advanced PCM Encoder Architecture for Efficient
Channel Information Memory Management
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[Abstract]

Telemetry system is a system that transmits status information data acquired from the aircraft to the ground station. PCM
encoder needs memory to store channel information in order to generate a frame format using the acquired data. Generally,
telemetry systems in large aircraft require much larger memory for the increased acquisition channel information due to the
increased sensors and subsystems. However, they have difficulty to store all channel information in limited memory. In this paper,
we suggests and implements an advanced PCM encoder that can efficiently manage memory by minimizing duplicated channel
information. This novel PCM encoder allocates duplicated channel information to memory only once. And, sub commutation
channels having different information for each minor frame are allocated to the memory by multiples of sub commutation

channels. Finally, the suggested PCM encoder was proved by simulation that composed channels of various measurement cycles.
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Fig. 1. Structure of ROM channel word
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E 1. ROM < HE ofA|
Table 1. Example of ROM channel information

Information Length Data Contents
Header 10bit 1~1024 Major frame length
Sub com existence 1bit Oorl Exist or not sub com
Sub com multiple 4bit 0~15 Multiple of sub com
Sub com cycle 1bit Oorl Exist or n(étofr}l/cle of sub
0b.000 Sync code
0b.001 Major id(frame count)
0b.010 Minor id
0b.011 CRC
Channel type 3bit
0b.100 Analog data
0b.101 Discrete data
0b.110 Serial data
Ob.111 Empty channel
8bit 0~255 Analog MUX address
Data or Address Sbit 0~31 Discrete MUX address
16bit 0~65535 Specific Data
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Fig. 2. Structure of PCM encoder logic
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Fig. 4. Program based on excel VBA
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Table 2. Channel information for simulation

Contents type Information

Major frame length Header 16

Analog
Serial

Sub com(x1/2) 1 Channel

Analog

Serial

Sub com(x1/4) 1 Channel

Discrete
Analog

Analog
Serial
Discrete
Analog
Serial
Discrete
Analog
Serial

Sub com(x1/8) 1 Channel

Analog
Serial
Discrete
Analog
Serial
Discrete
Analog
Serial
Discrete
Analog
Serial
Discrete
Analog
Serial
Discrete
Analog

Sub com(x1/16) 1 Channel

Minor id 1 Channel
Analog 1 Channel
Discrete 1 Channel
Serial 1 Channel
Empty 7 Channel
CRC 1 Channel
Major id 2 Channel
Sync code 2 Channel

Normal com

3-2 AlEd01M 2}

oA 7]gke] L2 g2lo)] ¥29] Ad FRE JHshH I 6
3} Zo] Ad Wi E7}F AFs o2 A= 19 72] ROMY
A 7g MIF s} o] AJAJ i),

& ] I 1 E F G H J I3
‘Channel | Channel | Channel | Channel | Channel | Channel [Channel | Channel |Ghannel |Channel | Channel | ¢

1 Mo Name No. Name No. Name No. Name No. Name No.
2 ] Minor id 3 5 7 ] Analog il
subcomd_|

subcomd_2
subcomd_3
subcomd_
subcomd.| subcomd 5
subcoms 2 subcomd &
subcom2.| subcom3 3 subcoma_t
subcomi_1 subcomz 2 subcom3_4 subcomé 8
2 |ebcomi2| ¢ |subcomea| ®  |subcomas| subcomd 8 10 || Dlacai #
subcom?_4 subcomd & subcomé_ 10
subcom3_7 subcomd_ 11
subcom3 8 suncomé_12
subcomd_ 13
subcomd_ 4
subcom4_ 5
3 subcom_ B

a8 6. AS Y wix|
Fig. 6. Auto generated channel table
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Addr +0 +1 +2 +3 +4 +5 +5 +7 ASCH
o UUZ‘JUOU 11C0000 11E0000 13C0010 13E0000  13D0000
8 13Co020 00733CC 17C0030 17E0000 17D0000 17C0040 17E0000 | 17D0000
16 17C0050 17E0000 007233CC TFC0060 1FE0OQO | 1FDOOOO 1FCOO70 | 1FEQDOOD
24 1FDo000 1FCo080 1FEDOOO 1FDOOO0 TFCO0GO0 1FECOOO 1FDO00O 1FCOOAD
32 1FEDOGO 1FDOOOO 1FCOOBO 00400F0 0050000 0060000 00733CC 00733CC
40 00733CC 00732CC 0010001 0070000 0020000 ODOFESB 0002840

48 1FFFFFF  1FFFFFF  1FFFFFF  1FFFFFF  TFFFFFF  1FFFFFF  1FFFFFF 1FFFFFF

J8 7. ROM Hjol2 g HE
Fig. 7. ROM table with channel information stored
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E
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38 9. 1/24) MEZE1 A|OY © Z3}
Fig. 9. Signal tap result of 1/2 multiple subcom 1

Name r g 256 512 788 1024 1280 1536 1782 2048 2304 2560 2816 3072 3328 3584 3

-.B1024K:ENC_UT|PCM_SYNC P

-24K:ENC_U1|chan_cnt[9..0] 48 ol 1

= 3 [ 4

| _24K:ENC_U1|chan_wd[24. q] 0002840h [ 00200000 [ [ 11F0000h [

! .ENC_U1|major_length[31..0]

[ 3

I A|view_subcom_multi[31.0] 16

-|view_subcom_cycle[31..0] 2

+
+
]
¥
*
+

- _24K:ENC_U1|buf mux[15.0] _Dsaeh | FEGBh

-ENC_U1jminor_count[15.0] 2 [

K:ENC_UT[buf mn_id[15.0] 2

| _24K:ENC_U1|chan_typef2. a 00ob

010b 110b

:LE' 8. 7{FHI0OIM Txo| Aol Hut
Fig. 8. Simulation result of commutation structure
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gl A HE o222 22| E 2IE PCM A =H HA

Name l 5120 6144 T168 8192 | -In-l- 3- A‘IEEQJ Alj-lél % 7Edj"|'
D24K:ENC_U1 [_PC_M___S_;YNChp. Table 3. Signal tap result of subcom
024K:ENC_UT|chan_cntf9.0] _a [s] 8 | 8 hol1 Minor count|  Subcom | Address | Cycle | Type |MUX buffer
24KCENC_U1|chan_wd[24.0] | [ 1scooron [ ooysacch [ ] subcom 1 2 0 | 0b.100 | 0x2C2C
:ENC_U'I|major_length[3‘|..0]_ 16 subcom 2 5 0 0b.100 0x2C2C
1|view_subcom_mult(31.0] __ 2 | 4 [ 0 subcom 3 10 0 | 0b.100 | 0x2C2C
1|view_subcom _cyclef31.0] 1| ] [ subcom 4 19 0 | 0b.100 | 0x2C2C
24K:ENC_U1jbuf mux[15..0] AN 33CCh 2C2Ch subcom 1 3 1 0b.110 | OXAAAA
:ENC_U1T[minor_count[15..0] : 15 | subcom 2 6 1 0b.110 0xAAAA
AK:ENC_U1|buf_mn_id[15.0] 15 subcom 3 11 1 0b.110 | OXAAAA
24K.‘ENC_U‘I|chan_q,rpe[2..0]_ 111b | 100b 111b subcom 4 20 1 0b.110 0xAAAA
= subcom 1 2 0 0b.100 0x2C2C
:%%I 10. 1./4HH M=22 434 d jém. subcom 2 7 2 [ ob.101 [ oxAC2C
Fig. 10. Signal tap result of 1/2 multiple subcom 2 2 subcom 3 12 > 0b.101 | 0xAC2C
subcom 4 21 2 0b.101 0xAC2C
Name lagz 0216 10240 11264 subcom 1 3 1 0b.110 | OXAAAA
102 A_K:ENC__LH lPCMﬂSYN(_:_P 3 subcom 2 8 3 0b.100 0x2C2C
024K:ENC_U|chan_cnt[2.0] _8 [id 17 [ 18 o] 22 subcom 3 13 3 0b.100 | 0x2C2C
24K:ENC_U1 [chan_wd[24.0] [ T 17Focooh |  oovaacch [ | subcom 4 22 3 0b.100 | 0x2C2C
“ENC_U1|major_length[31..0] 16 subcom 1 2 0 0b.100 | 0x2C2C
.;I}view_subcom_mﬁlfi[é‘l..()] Pl 8 [ 16 4 subcom 2 9 0 0b.100 0x2C2C
‘I h;iew_subcorr;_.c-‘,fclé[3‘l..6] 3 7 B subcom 3 14 4 0b.110 0XAAAA
24K:ENC_UT|buf_mux[15.0] 2cach | 33CCh AAAAR subcom 4 2z 4 | Ob.l10 | OxAAAA
SENC U‘I-lminor r_ount.[:IS..Dj . 15 subcom 1 3 1 0b.110 OXAAAA
4K:ENC_U1|buf_mn_id[15.0] T 5 suboom 2 6 1 | 0b.110 | OxAAAA
24KENC O1IcH§n -t;r-p.e[2 a 111b [ 110b [ 113b subcom 3 15 S 0b.101 | 0xAC2C
T - h subcom 4 24 5 0b.101 0xAC2C
a3 11. 1/881 MEZ3 AlJd B Znf subcom 1 2 0 | 0b.100 | 0XAAAA
Fig. 11. Signal tap result of 1/8 multiple subcom 3 6 subcom 2 7 2 0b.101 | 0xAC2C
subcom 3 16 6 0b.100 0x2C2C
subcom 4 25 6 0b.100 0x2C2C
Name loza0 11254 st SREA i subcom 1 3 1 0b.110 | OXAAAA
J24K:ENC_UT|PCM_SYNC P subcom 2 8 3 0b.100 0x2C2C
R4KENC Ujchan cntfs.0 _ 18 el 3a [ s 7 subcom3 |17 | 7 | 0b.110 | OxAAAA
14K:ENC_UT|chan_wd[24..0] @0735CCh | | 1FCo0BOh [ oosooFoh subcom 4 26 7 0b.110 0XxAAAA
ENC_UT[majar_length[31..0] 16 subcom 1 2 0 0b.100 0x2C2C
|view_subcom_multi[31..0] ] [ 16 3 subcom 2 5 0 0b.100 0x2C2C
I|view_subcom_cycle[31.0] 7 [ 15 subcom 3 10 0 0b.100 0x2C2C
24K:ENC_UT[buf mux[15..0] _33CCh | AAAAD 33CCh subcom 4 27 8 0b.101 | OxAC2C
ENC_UT[minor_count[15.0] 15 subcom 1 3 1 0b.110 | 0xAAAA
HCENC_UT[buf_mn_id[15..0] 15 9 subcom 2 6 1 0b.110 | OXxAAAA
14K:ENC_Uljchan_type[2.0] _ 1100 | 1110 | 1000 subcom 3 11 1 0b.110 | OxAAAA
8 12 1o 484 435 8 251 s s e e
Fig. 12. Signal tap result of 1/16 multiple subcom 4 0 subcom 2 7 B 0b.101 | 0xACEC
subcom 3 12 2 0b.101 0xAC2C
O 102 1/49) B 29 A)2d B AR nlo]y Xy subcom 4 29 10 [ 0b.110 [ 0XAAAA
%) TR EZ} 159 W Aol 2L 30]m, 89 Fao] A ARE ueom )3 ohld L BlAA
o2tk miR7 A &= 17 112 1/8¥] A B3 39] Adtz Aol 1 subcom 3 13 3| 0b.100 | 0x2C2C
=0 Z 2 0] MY AH= |08 S subcom 4 30 11 0b.101 0xAC2C
= 701, 179 T8 Ad ARE L el S 7dR subcom 1 2 0 | 0b.100 | 0x2C2C
t}. 1/4802} 1/88] A BF2 chan_type% Z+Z} 0b.1007} 0b.110 . subcom 2 5 0 0b.100 | 0x2C2C
o2 ¥ 20 AY BT} A3} np ko = 12 129} 7o subcom 3 14 4 [ 00110 | OxAAAA
Wl B S 40] A0 A1 Alolo ol 2o subcom 4 31 12 0b.100 0x2C2C
V16v MEZ 4] B9 A HF Aol 2] 150131, 34WF40] subcom 1 3 I | 0b.110 | 0XAAAA
AY AR 2 T 29} AX = glo|E|= =3t} 1 subcom 2 6 1| 0b.110 | 0xAAAA
PCM S152E19] An A el thek vlel alel 7 Sbomd T B T 5 T 0110 | trAna
T EH AEH o] Al 1d ¥ Avl= 337 Ak subcom 1 2 0 | 0b.100 | 0x2C2C
TR0 INE Es o = 9 DL = subcom 2 7 2 0b.101 0xAC2C
- 3“} gf}e &3 PCM <lltele] Mu A 7ol o2t 14 subcom 3 16 6 | 0b.100 | 0x2C2C
S A subcom 4 33 14| 0b.101 | 0xAC2C
subcom 1 3 1 0b.110 | OXAAAA
15 subcom 2 8 3 0b.100 0x2C2C
subcom 3 17 7 0b.110 | OXxAAAA
subcom 4 34 15 0b.100 0x2C2C

311 www.koni.or.kr



J. Adv. Navig. Technol. 24(4): 305-313, Aug. 2020

rQL‘
jas)

1A &] el A
%*ﬁ“’i T/33te] %
3k g AHE PCM =T
= tE vgA o] A4t AS
EO] F7F =AY AXEL] AS vlo]y 7t BolA A X
& 38k Ao 7 HAF Frek L ik shAIRE zfl
M Rglo A e QY ARE 25 sl A5y
of#gol drk Wie|o] §FFFoR WS PR E
7} QLA AREAPE A E ARE sk o] Bol
== 75 o] ARk whitel]l &840 Ald HE 5
2 2 9l Who] 7 g &bt}

=

=90 X
EE

i
N
N

o P

Aol

O
o
2

_L4
oﬁﬁoi
}

>

1

o
S
S A (S O

wy o
R
i

F

g

o
=

£ =M= FPGAS] M4 E vREe|oA] BY &7
°]

23 4R 2 el RE sk A vix] Ee} ROM H|o]
£ AR A vo]A] o] wiold ZelE Foll &
& Ad AE7FHHEE = 952 ROM ol B Ald A1
ARt ghgskar, wholy T ¢luitt A g AR thE A B
T AGES ABF w5y ROM HolEo Ald ARE
etk o]elg ROM Hlol& 755 918l A B g A7t
7F58 PCM lHE & Falste] Za9lS A3tk
Aol st go] mlojA] Ze9le] Aol 2007 A5}
aL, A|RFEE ROM Elo] &3} tho] A& v wj4=o] A BF g
o g8l PCM T 327t A o 2 Z213518- 3kols9it)
AlEH ol AE Fal ﬂl bk 2= T3 PCM Q=T 2
3 2d AR WR 5307 ALo] 7VsEsit)
Tkl ROMoY #4173t ZH 3 B} vk A =H A MIF
TS Aol oA Hutd S sfjof sk AlRto] e A
o}, wZoll 35~ PCM <UALT]= ThA] oS shA] oL vl

ﬂJ

al

https://doi.org/10.12673/jant.2020.24.4.305

312

o AFEom AR WL ANSAE 97
§3to] 47 Alof7h Ahsehes sk

EEEERY
A7k B e sk

References

[1] H. M. Eckstein, “A programmable-signal conditioning pulse
code modulated telemetry encder,” in Proceedings of the
International Telemetry Conference, San Diego: CA, Vol.
17, pp. 1319-1328, Oct. 1981.

[2] N. C. Poirier and T. P. Wheeler, “Programmable PCM
Encoder.” in Proceedings of the International Telemetry
Conference, Las Vegas: NV, Vol. 20, pp. 78-91, Oct. 1984.

[3] G. H. Kim, M. H. Jin and B. K. Kim, “Design of a simple

PCM Encoder architecture based on programmable ROM,”

Journal of Advanced Navigation Technology, Vol. 23,

No.2, pp. 186-193, Apr. 2019.

Y. K. Park and W. J. Yoon, “PCM encoder structure for

real-time updating of telemetry system parameters,”

(4]

Journal of Advanced Navigation Technology, Vol. 23,
No.5, pp. 452-459, Oct. 2019.
[5]J. S. Kim and M. J. Jang, “Implementation of A 30-Channel
PCM Telemetry Encoder,” of the
International Telemetry Conference, San Diego: CA, Vol.
40, pp. 141-150, Oct. 2004.
D. J. Hermen, and J. O. Horsley, “Application of general

in  Proceedings

(6]

purpose computer techniques to
PCM
Proceeding of the 3rd Space Congress, Cocoa Beach: FL,

pp. 396-408, Mar. 1966.

the design of a

programmable telemetry ~decommutator,” in



}'*"'I

= £ 3| (Yun-Hee Ro)
20154 29 :
2014 129 ~ 201844 28 © (|
20184 22 ~ 2018 1€ : 50| A
2018 128 ~ & @ CIAAARIX(F) &

HEHIEOF: HASHEA KAz

4 A 3| (Geon-Hee Kim)
20144 28 © M0ty St
20154 48 ~ B © et AH

HEHIEOE: 8T B4 AAE, AHSHEA

M K
[l
Pl
02
H
]

ol
B
0H

ol
=

Zl = A9 (Dong-Young Kim)

20124 29 MEOistll HARESED (SEAD

20124 28 ~ 2013 48 AERM(F) 87|74
2013 58 ~ 20134 119 : CHSEAE = 7|
2014 39 ~ SI7f @ CHRIA|ABIE(F) BAT|sd7a WA &

#E 2ok AAS YA A2 H2|

U = 7| (Bok-Ki Kim)

19954 2¢ 1 MEristm $stn} (0|StA}

19974 28 : METistm F=stal(H2) (0|EHAA})

1997 18 ~ 200249 : CHAMIISA(F) 74

20021 5€ ~ SiFY @ CIMAABE(F) SAT| AT WA F
Al 2ol EMEA, MU3Y, CIXIE AMSHE 7=

0| & &l (Nam-Sik Lee)
2001 28 : 3|5t Makg st
2001 28 ~ #R] © ShRPAIA—=(

[
o
>

A (F) BT ST
¥ TAROL: RHEM AAH ot5s, AASH|

313

ol

259l AY R o 22| B2lS 915 PCM Al A0 A

www.koni.or.kr



