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TABLE |

CHARACTERISTICS OF GSM 900, PCS 1800, AND 3G MOBILE
COMMUNICATION SYSTEMS IN HONG KONG

Mobile Operating Type of modulation Max.
Phone Frequency (MHz) Power (W)
System
GSM900 890 - 915 Gaussian 2
(mobile transmit) minimum-shift
935 -960 keying (GMSK)
(mobile receive)
PCS 1800 1710 — 1785 Gaussian 1
(mobile transmit) minimum-shift
1805 — 1880 keying (GMSK)
(mobile receive)
3G 1920 -1980 CDMA Direct 0.251
(mobile transmit) Spread (UTRA
2110-2170 FDD)

(mobile receive)
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TABLE Il
INITIAL TEST DISTANCE AND THE MINIMUM RECOMMENDED TEST
DISTANCE

FOR DIFFERENT TYPES OF TRANSMITTERS

Types of Transmitter Initial test Minimum recommended
distance (m) test distance (m)
GSM900 Mobile Phone 3 1
PCS1800 Mobile Phone 2 0.5
3G Mobile Phone ] 0.25
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TABLE 111
SUMMARY OF RESULT EMI IMMUNITY ASSESSMENT ON MEDICAL
EQUIPMENT

Mobile Number of Number and Number and
Phone Equipment Percentage of Percentage of
System Tested Equipment Passed Equipment Failed

GSM900 179 170 (95.0%) 9 (5.0%)

PCS 1800 176 168 (95.5%) 8 (4.5%)

3G 177 176 (99.4%) 1 (0.6%)
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TABLE IV
MEDICAL EQUIPMENT INTERFERED IN THE IMMUNITY ASSESSMENT

EMI Cease EMI Cease EMI Cease
distance distance distance

e;]ﬂ;cmzil Abnormal responses (m) (m) (m) Mg?g:fgd Problematic side l::;.':::f:::;
GSM 900 PCS 1800 3G
ECG Monitor Noise is generated inside the >55" - - 0.266 Vim Left and Right Vertical and
equipment Horizontal
Waveform of the ECG signal
shown on the monitor is
distorted
Mobile Image distortion on the monitor 33 1.44 - GSM 900 Left and Right Vertical and
Radiographic / 1.69 Vim Horizontal
Fluoro unit PCS 1800
0.02 V/im
Audio Evoked Abnormal pulse shown on =18" =18" - GSM 900 Front, Left and Vertical and
Potential monitor 10 Vim Right Horizontal
System Input EEG signal are affected, PCS 1800
and system indicated 54V/m
“Rejected”
Wireless ECG Noise is generated inside the >56" =1.8" - / Front, Left and Vertical and
Monitor System  equipment 0.0062V/m Right Horizontal
The situation is more serious PCS 1800
when mobile phone is placed 0.501V/m
closer to the equipment
Wireless ECG Noise is generated inside the 4.5 33 - GSM 900 Front, Lefi and Vertical and
Monitor equipment and the plotter 0.71V/m Right Horizontal
Waveform of the ECG signal is PCS 1800
distorted 0.67V/m
The situation is more serious
when mobile phone is placed
closer to the equipment
Ultrasonic Fetal — Noise is generated from the 4.5 4.5 - GSM 900 Front, Lefl and Vertical and
Heart Detector speaker 0.012V/m Right Horizontal
A The situation is more serious PCS 1800
when mobile phone is placed 0.2V/m
closer to the equipment
Ultrasonic Fetal ~ Noise is generated from the 4 0.5 1.7 GSM 900 GSM 900
Heart Detector speaker 0.63V/m Front, Left and Vertical and
B The situation is more serious Right Horizontal
when mobile phone is placed
closer to the equipment
PCS 1800 PCS 1800 Horizontal
0.35V/m Right
G G Horizontal
0.006V/m Front Vertical and
Right Horizontal
Ultrasonic Fetal ~ Noise is generated from the 0.6 8 - GSM 900 Front, Left and Vertical and
Heart Detector speaker 0.0004V/m Right Horizontal
C The situation is more serious PCS 1800
when mobile phone is placed 0.23V/m
closer to the equipment
Ultrasonic Fetal — Noise is generated =1.1° 1 - GSM 900 Front, Left and Vertical and
Heart Detector The situation is more serious 0.14 Vim Right Horizontal
D when mobile phone is near the PCS 1800
equipment 0.6 Vim

Remarks: *The cease distance is larger than the maximum possible distance away from the medical equipment in the assessment location.

www.ECA.ir B ECA SLig sl g § 0 (pamasni Colw g



Percentage of failed medical equipment (%)

18

14

12

18()*._ ........ N ........ ........

WJ}|£4§¢M| ol gwr b8 sl KLl AST )l 3429 (Kh Sliages Sl adks Sy s

@l by (s alols PCS1800 5 GSMIO0 (sl At gn ,ia VY 0l iy 5 alols 5 s |y pgus s

5 iz b (Dl 3,5, 55 sl Of cle a5 S o i 20 5.5 b -0 Sl itk Sl

wiss 3| 5 ool PCS1800 5 GSMO00 (sla g & ogare (Kiss lzugens 48 ls olis b

D9 dusg3 Ju|93 < ol 00 00l QLS ) Jgus o aS Pow Jusss 9 PCS1800 9 GSM900

prie K L8 a5 a5l (0 Dy e YOV pons Jus (hilige Sleadls Sl oads S slags n pazsSTle o008

E Olas s oS lags 53 b EMI cisgnn s 5o (K5 Oliugeas gare olabis 51 G a6l

230 (58 55 0311 Ol disly By 5 Aluols 3> Grizan Jaligs il Sl

O GSMS00
--------- Curve fitting |
* PCS1800
= ==Curve fitting |
X 3G
Curve fitting

o : D : :
AR AR B S |
IS §
U SRR SN -*-m.__l__-‘ ....... eo ................
: *-_--.*____*5__‘_-*-':”0

- — [v] (9] [V
LAl

i ] I i L fi
PSU 55 60 45 400 350 -300 -25

L 1 i
20 15 <10
Base station signal strength in the on-site immunity test {(dBm)

www.ECA.ir "

Percentage of failed medical equipment (%)

18

12+

14_......2.1;.;::..; ........ el R ........

10k ........ T I 0 . ........ ........ T s U i

: © GSM300

SRR REEREEE Curve fitting [
* PCS1800

—==Curve fitting ||
X 3G

Curve fitting

g
i fl

-060 -55

1 i T i i i i
S0 45 40 35 -300 - -20 15 -10
Base station signal strength in the on-site immunity test (dBm)

ECA g sl g § 90 (pamasi Colw ©g



E Olsce .ol osis cud ¥ Jgaz 10 E 0lae s JuuS Slags 5 00 5,8 o5l (5 a5l ads
398 0 g g 1d iz 8 B sl )l 4 s paw Jus Jalige il bags a5 ead (5,8 o5l

2ok o o5 VIM (5,00 1Y Cibgs alols o
dols )5 Bgs 0 2Jgs PCS1800 3 GSMI00 fibge (slgail bawgs a5 o (5,8 o3ll E Olawe (sl
GV s VIMIO G o - - F 5l s s & E Olase 5 00 6,8 051551 le, wogure Slpugas 5l Cadgs

ool (K3 Oliaeas s9) 658 EMI ol 5b L}{L}Akﬁbfewwrz\fm«b}m a5 ,5b 4
23 SNl b b Ogawdgan g9 0 BNl b 4 cwl (Kow 9 )l Jibga 9> o ol 4 s
by o Cuwlw jl JuoSS ) (K Sliueas 9 bbge il o cawlin shilxe 5 Aol G L Jb a4
.oﬁ)lﬁ)ﬁuf}ww&bywﬂwmglg

15 sz o8 sle LIKEL )5 ole e el Gl Cales (s alols Olgie 4 0 VY Sl wladlas ol
ol 83 [al.?d| Cguan (Slgius @Lﬁ sl Ls)LATJ.:l.’ﬁgi:ff' Jodz pegde .ciils o,lil oo

35 535 2l g Jus 5 PCS1800 5 GSMIO0 el sl JUius 1o (CDFS) o515 0395 il
Aol Ogrs (Kb Sliess 1o, 9 Ol lew o e > Cuigan Slus ples 5l calises slpsla
sla Jiaw 5l s 5,8 o511 CDF a5 sls olis @l:.'» ol o0 o3ls QLIS W 9 ¥ sl s s 5
o uxs Okslon sla buma J31s 1, (WEIBULL) Uy @ig bogas o ¥ ol 5l asly ol8auny]

S

ol JrnibgannST Lo, cogos (K3 bume G 055 il oKl Jiow @08 45 223 (0 Olis ol

.J)lJ 39—"'9U':*"'L5|)“ VT J%) le.Q o).6.> J.&Ls)o)L: Q)J:Q)J @wa

5 a8 Lalol Oliwjlos sla Lums J51s a0l oling] Ji&ew vl 6aeT VY K5 5 a5 GSMO00 sl

SusS &9_?)\” Jf.&m.u,b@/a Q|4.343.w.3|9 gac o|)¢9—1OdBm

www.ECA.ir Y ECA Slig sl g § 0 (pamasni Colw g



5l xS s o0 GSMO00 4y oKas] UK (P i 9 ami ) il o5 SlElKe pan o
b b o 00 Jou slags g y38 Giulsil 6 amts 3 osisl3s b 45 g Olys 9 254 60dBM
il oo 1) Jlast b 5 lge 55 b el cal o 0nls 0lis ¥ S 55 a5 ehilen ool il 715

23 pow Jus 9 PCSI800 sl s 5 4 1Y 4 75 978 4 VF.0 5l Cgue Olpne Al 6 s Gulaol 2

Al o Gl Gl ol Gl 5 500 S8l 3)lge 3 0ad plol leamw s 2

Jund Slags o y08 Giolsdl b (Ko Oliugss cue Oliue a5 sias 0 0lis bl sla Judos S5 b 4
pow s 5 2il (o0 Al ol lIlKew 03,5 Cisrs OF 6 a4 &5 1L (o GlalsEl Jbge il oas
PCS1800 5 GSMI00 w555 1o b dslin »> (Ko it 695 p EMI b & ol patusn

] J8la>

LJ.:L}}Agu)IQ)ﬁ‘Qw')KQdWMJ}SQ)J@&%&)JﬁWwWK&K&
s oo U S 35k oo s AL ousl o Sledbl a8’ JUKiw Sl oslil b ool 51 8l s o,08 Jawgs
oS i S5 e ol oot il Pl 38 b s Ui sk dyg 53 (Kiaese ool S
orzea )bl mls (Fast-Fading) sl o @w Ssw Olugs by=e ,5 PCS1800 9 GSM900
Jbgo slesals 51 ol EMI ol il el ool sldi&w cinrs Hlaae b olelKe sl a5 sas 0 0lis

434 PCS1800 5 GSMOIO0 51 a5 il A b ¥ ls5 o s (Jus

1 Aol

O3

S Dliaees Sl diws cua 4 &S (S Oliages Hl axkd VYA gl cigan Gaskds dxdlbe ol
b ploxl 39290 095 Jus 9 503l pon s Slea3gleiSS bge il Sldl)l pl s 80l s ol
201y Ko e 2 ECG pasls 93 ECG jpasle 0 Julis (K Slyueas 5l sl axk & ggame
a5 25 g Ggo 8 i 8 S5l Sl ez 9 Gso JEl Jeily prs S g3l / ST 520,

i Sl (b EMI 4y a8 0l sy Ggmol 3 iz (ol Sl JIK01 il g Sl axks G b Jb> e 4
b oKl slJiKw CDF a5 sls 0lis cpimmen golol Jubows G ol oo b pow Jus Jbge oils
S Kia )3 29290 Jibge il s da plod le)e_(WElBULL) Jowy @ig sl b ol len J51s

Y ECA Slig sl g § 90 (pamasi Colw ©g
www.ECA.ir



Loy opos (Ki3 sl bume o aly sl Jifew )08 &5 385 (o0 0Lis At A4S (0 Capns

sl JrnnilignS
0 Uil dilige il 0l JouS Slagi 20038 b al3l L gane (Kl Sl ao)s Sl Ko
Jilise ol 3358 abisde oM Hsb 4y il 4l oKyl S Jlaie 05,5 Cined 07 Jool> 45
Olis &5 3)ls pgs Jud flige ol & s ol (Kiijy Slises 590 2 608 EMI Sl g s
Kb jr OB Gl b 6 43S b ol (Kon Jazol pous Jous ilige il ol cnl (5 0250

5L po Ju e SleMbl bl )l 5 Lo LIS 4 2255 b lgslias Loy 51

Sl 5 See i 53,8 sbsl la o8 8 gl Jd 5l b asals gla glealy 5 4ol ol Jb> 8«

sk 2z Jobge sla oals Sl eslatul 9 pulus (Sis

www.ECA.ir \f ECA g sl g 3 o (pamasi ol g



REFERENCES

[1] W. E. Irnich and R. Tobisch, “Mobile phones in hospitals,” Biomed.
Instrum. Technol., vol. 33, pp. 28-34, 1999.

[2] M. P. Robinson, I. D. Flintoft, and A. C. Marvin, “Interference to medical
equipment from mobile phones,” J. Med. Eng. Technol., vol. 21, pp. 141—
146, 1997.

[3] M. Hietanen, V. Sibakov, S. Hallfors, and P. von Nandelstadh, “Safe use of
mobile phones in hospitals,” J. Health Phys. Soc., vol. 79, pp. S77-S84,
2000.

[4] K.-S. Tan and 1. Hinberg, “Radiofrequency susceptibility tests on medical
equipment,” in Proc. 16th Annu. Int. Conf. IEEE, 1994, vol. 2, pp. 998-

999.

[5] “Electromagnetic compatibility of medical devices with mobile communications,
in Medical Devices Bulletin DB9702. London, U.K.: Medical

Devices Agency, 1997.

[6] A. J. Trigano, A. Azoulay,M. Rochdi, and A. Campillo, “Electromagnetic
interference of external pacemakers by walkie-talkies and digital cellular
phones: experimental study,” Pacing Clin. Electrophysiol., vol. 22, no. 4,

pp. 588-593, Apr. 1999.

[7] G. Calcagnini, P. Bartolini, M. Floris, M. Triventi, P. Cianfanelli,

G. Scavino, L. Proietti, and V. Barbaro, “Electromagnetic interference

to infusion pumps from GSM maobile phones,” in Proc. 26th Annu. Int.

Conf. IEEE EMBS, Sep. 2004, vol. 2, pp. 3515-3518.

[8] Y. Chu and A. Ganz, “A mobile teletrauma system using 3G networks,”
IEEE Trans. Inf. Technol. Biomed., vol. 8, no. 4, pp. 456-62, Dec. 2004.

[9] K. A. Banitsas, K. Perakis, S. Tachakra, and D. Koutsouris, “Use of 3G
mobile phone links for teleconsultation between a moving ambulance and

a hospital base station,” J. Telemed. Telecare, vol. 12, no. 1, pp. 23-26,

Jan. 2006.

[10] E. A. V. Navarro, J. R.Mas, J. F. Navajas, and C. P. Alcega, “Performance
of a 3G-based mobile telemedicine system,” in Proc. IEEE 3rd Consum.
Commun. Netw. Conf. (CCNC 2006), 8-10 Jan., vol. 2, pp. 1023-1027.

[11] Medical Electrical Equipment—Part 1-2: General Requirements

for Safety—Collateral Standard: Electromagnetic Compatibility—
Requirements and Tests, IEC 60601-1-2, 1993.

[12] Testing and Measurement Techniques—Radiated, Radio-frequency, Electromagnetic
Field Immunity Test, IEC 61000-4-3, 2002.

[13] Medical Electrical Equipment—Part 1-2: General Requirements for Basic
Safety and Essential Performance—Collateral Standard: Electromagnetic
Compatibility—Requirements and Tests, EN 60601-1-2, 2007.

[14] (2004, Dec.). Singapore hospital may allow use of mobile phones

[Online]. Available: http://www.tm4b.com/resources/weblogs/textually/
article-006439.php

o ECA SLig sl g 3 0 (pamasni Colw g
www.ECA.ir



