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INTRODUCTION 

This  i s  a  r epo r t  t o  USAIDiQuito on a  mission t o  Ecuador t o  a s s e s s  t h e  
f e a s i b i l i t y  of e s t a b l i s h i n g  two way r ad io  c o r n m i c a t i o n  systems i n  two 
s e c t i o n s  of t h e  country. The systems would be dedicated t o  s e rv ing  the  
needs of t h e  h e a l t h  s e c t o r  i n  t h e  J i p i j a p a  and Quimiag i n t e g r a t e d  r u r a l  
develcpment a r e a s .  

The r e p o r t  c o n s i s t s  of two p a r t s .  P a r t  I d e a l s  w i th  t h e  a p p l i c a t i o n s  
a spec t s  of e s t a b l i s h i n g  t h e  system: t h e  uses  t o  which t h e  systems would be 
put  and t h e i r  r e l a t i o n s h i p  t o  t h e  h e a l t h  de l ive ry  system and hea l th  problems 
i n  t h e  a reas .  P a r t  I1 i s  an engineering a n a l y s i s ,  based on assumptions 
concerning t h e  i d e a l  pa ths  f o r  comnunication and which s p e c i f i c  sites wi th in  
t h e  genera l  a r e a s  w i l l  be served. These assumptions must be corroborated 
by a d d i t i o n a l  engineering s tudy ,  based on d e t a i l e d  topographical  maps and 
by USAIDIQuito wi th  t h e  Ministry of Health,  before  more rezined e s t ima te s  as t o  
c o s t s  can be made. 

A d r a f t  vers ion  or' P a r t  11 of t h e  r e p o r t  was l e f t  w i t h  U s ~ I D / Q u i t o  
on depa r tu re  of t h e  engineering ccnsu l t an t .  H i s  cos t  e s t ima te s  w e r e  
subsequently revieved and rev ised  by Morcom's home o f f i c e  i n  washington, D.C. 
The cos t  e s t ima te s  i n  t he  p re sen t  ve r s ion  r e f l e c t  these  rev ik iocs .  

Based on t h e  rev ised  c o s t  e s t ima te s  submitted by Morcon, t h e  Academy 
has  prepared the  following summary t a b l e s  t o  present  i n  s i m p l i f i e d  form t h e  
e s s e n t i a l  dec i s ion  op t ions  f o r  USAIDJQuito and t h e  Ecuadorean Minis t ry  of  
Health.  These op t ions  a r e  based on a  system having 24 hour r e l i a b i l i t y ,  
which is a c r i t e r i o n  s e t  by t h e  Mints t ry .  If USAID and t k e  Minis t ry  wish 
t o  cons ider  a system which has considerably lower r e l i a b i l i t y ,  i.e., zood 
communication pr imar i ly  i n  t h e  e a r l y  morning and l a t e  a f te rnoon,  t h e  Academy 'is 

' prepared t o  submit cos t  op t ions  f o r  an HF ( sho r t  wave) system. 

The t a b l e s  1 -A  and 1-B bolow show t h e  equipment c o s t s  f o r  each p r o j e c t  
a r e a  f o r  bo th  a  " f u l l  network," inc luding  a l l  elements of  t h e  hea l th-de1ive .m 
system, and f o r  "p r io r i t y"  sites,as suggested by f i e l d  workers i n  t h e  two 
a r e a s  ( l i s t s  car, be found i n  P a r t  I ,  Sec t ion  3 . 6 ) .  
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The t a b l e s  2-A and 2-B show engineer ing  opt icns .  %e nore e x p s ~ s i v e  
op t i cn  1 i s  f o r  USAID t o  con t r ac t  w i t h  a  U.S.-bascd e n ~ i n e e r i ~ ~  firm fe 
handle a l l  phzses of procurement through l o c a l  i n s t a l l a c i o n .  This opt lon  
is  perhaps t h e  e a s i e s t  f ron  a  xanage r i a l  ? o i n t  of view and lodges t c t a l  
r e s p o n s i b i l i t y  i n  a s i n g l e  con t r ac to r .  However, based on experience i n  
a t h e r  s e t t i n g s ,  t h e  Academy be l i eves  t h a t  i t  would be p o s s i b l e  t o  lower 
engineering c o s t s  d rama t i ca l ly ,  through an arrangenent  t h a t  would lodge 
engineering r e s p o n s i b i l i t y  i n  an ind iv idua l  consu l t an t ,  who would i d e n t i f y  
and ar range  t o  c o n t r a c t  lower c o s t  Ecuadorean a s s i s t a n c e ,  both t e c h n i c a l  
and unski l led .  USAID could e i t h e r  c o n t r a c t  d i r e c t l y  under- t h i s  cp t ion  o r  
m n  i t  through a  U.S. consul t ing  f i rm,  such as  t h e  Acadeiuy, which woalc? 
add approximately 10 person days of management s - ~ p p o r t ,  p lu s  i t s  usua l  
i n d i r e c t  c o s t s  (approximately 26 per  cen t ) .  Thus the  t o t a l  might be 
increased a s  fol lows:  

Option 2 t o t a l  $15,610 

10 day? management 1,875 

Subto ta l  $17,485 

26% I n d i r e c t  Costs 4,566 

New To ta l  $22,021 



Table  1-A - 

ECUT??SXT COSTS 

Opzica 1: F u l l  Network 

Pdobmba : los? i t a l  

Quimiag Cont ro l  Center 

Riobamha g e a l t h  Center 

3 g e a l t f i  Subcenters zt $ 4 L 7 3  

1 2  Hea l th  P o s t s  13 s4A70  

. . 1 Repeater @ $3815 

Spares  ia 15% 

Option 2: P r f o r i t v  S i t e s  

Riobamba H e a l t h  Cen te r  

3 H e a l t h  Subcen te r s  @ $4470 

9 H e a l t h  Posts @ t i 4 7 0  

1 Repea te r  @ $9815 

S p a r e s  @ 15% 

$100,125 

E l u s  s h i p p i n g  (5000 l b .  

10,171 

$ 77,976 . - 

(Plus shipping) 



G i ~ a a ?  a : 

Opcica 1: F u l l  Network 

Zipif  a7a C o n t r o l  C a t e r  

8 Mealth Subcenters @ SL.i;C 

5 Sealth Pos t s  @ S4lc ;O 

3 System rqeaters k! $933.5 

O p t i o n  2 :  P r i - o r i t v  Sites 

J i p i  japa Hospi-1 

8 Health Subcenters ia $4470 

2 Health posts 2 C / . l .  7Q 

3 System repeaters  @ $9815 

Spares @ ?,5X 

Gill, 182 
F l u s  shipping (5000 lbe. )] 

11,744 

$ 90,039 

(Plus shipping) - 



O u t i c n  ' .  Ezgineerin?,  Procurenenr,  I z s t a l l a t i c n ,  3p G.S.  f i r n  -La 

I a s t a l l a c i o n  t a5o r  (EstiinaceZ l c c a l  laSor  
@ 9 man-dapsjsite x 19 +2O mzn-Cays,"Ciav~l= 
i91 man-days) @ S250/dap 

Tesc Equi?me~t Recta l  and t o o l s  

System Engineering (ma? s t a d i e s ,  p t h  p r o f i l e s ,  
block diagrams, d e t a i l e d  system s p e c i f i c a t i o n )  
60 man-days @ S300/day 

Equippent Ezeineering (de t a i l ed  eauipment 
s p e c i f i c a t i o n  and procurement mcnftcr ing)  
30 man-days @S300/day 

Supervis ion (in-country) SO man-days 

Per diem @ $SO/dav 

Travel  and Misc. 

GRWD TOTAL 



Table 2-3 

- ~ i i ~ i n e e r i n ~  Opti cns : P s r  Xezion 

E q u i ~ m e n t  s ~ e c i f i c a : i c n ,  ?rocaremen: 5 2ays 3 $25:2 

F i e l d  s t c d l e a  5 days P $ 2 5 0  

S u p e r v i s i o n  15 days 2 $258 

P e r  diem 25 2 ~ y s  ? $ 3 C  

Tra- el and Xisc. 

h c a l  h e l p  t e c h n i c a l :  

e .3 .  18 s i tes x 3 ta-,-s x $50 

L c c a l  h e l p  - l .aboi  

e.2. 18 si tes x 5 perscn J a v s  x $23 

Note: Assumes procurement  under t aken  by USAID o r  M i n i s t r y  of H e a l t h ,  
based on s p e c i f i c a t i o i -  p rov ided  hy c o n s u l t i n g  e n g i n e e r .  
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1. Background 

1.1 Request for Assistance 

USAID Ecuador is undertaking a project in integrated rural 

health delivery to assist ths government of Ecuador in improving the health of 

the r ~ r s l  population, through delivering low tost health services to the rural 

poor. This objective will be achieved by strengthening Ecuador's health 

service delivery institutions and by introducing low cost technologies into 

the delivery sysiem. The project will finance improvements in institutional 

capacities as well as field demonstrations in low cost primary health care, 

water supply, sanitation, and nutrition interventions in three Integrztea 

Rural Development Areas. 

The project will be implemented by ehe Integrated Rural Development 

Secretariat of Ecuador, in conjuncticn with other rural developuent activities 

including: 

-- construction of feeder roads 

-- agricultural extension 

-- basic education 

-- commnity development 

-- agricultural production, etc. 

The AID rural health project will include a pilot project in the use of 

two-way radio communication to support the administration and delivery of 

rural health services in two of the target areas. 
- - - 

USAID Ecuador requested .assistance from AID ST/ED in the! design of the 

radio system. Under a contract to 2rovide technical assistance in 

coamtunications planning to AID ST/ED, the Academy for Educational Development 

provided the assistance of Dr. Heather Hudson, Visiting Associate Profesoor in 

the College of Communication at the University of Texas, and Mr. George Gehr, 



telecommunications engineer. Dr. Hudson has had experience in the plaaning 

and evaluation of two-way rz.dio systems to support rural health services in 

Guyana, Pakistan, Lesotho, the Sudan, and Alaska. Mr. Gehr has also plmned 

and installed telecommunications systems ic several Latin Amer;can countries. 

Dr. Hudson and Mr. Gehr undertook a mission to Ecuador in March 1982 to 

gather the information required for the plaaning of the systemz' l'hey met 

with officials in the USAID misscon in Quito, and GOE officials in the 

Ministries of Health, Telecormrmnications and Agriculture, and the Secretariat 

of Integrated Rural Development. They also visited health facilities to be 

included in the project in the Quimiag-Penipe and Jipijapa integrated rural 

development areas. (See list of people contacted, attached) 

The Use of Teleconnnunications in the Training and Support of Primary 

Health Care Workers - 
The growing emphasis on the needs of the rural poor in the 

developing world has focussed attention on creating innovative means of 

extending health care to rural areas. However, it is generally difficult and 

very expensive to extend physician-based health care into rural areas. Not 

only are there shortages of physicians available and'willing to serve in such 

areas, but the use of physicians in such contexts is often a poor allocation 

of resources. Rural areas also generally lack the supporting medical infra- 

structure which physicians reply on--laboratories, diagnostic equipment, and 

hospitals--and the provision of these facilities would be prohibitively 
. - 

expensive. 

As a result of these constraints and of the great need to extend health 

* 
Dr. Hudson was in Ecuador from March 10 to March 20; Mr. Gehr was in 

country from Karch 10 to March 27. 



services to rural developing regions, a cadre of health care providers or 

11 primary health care workers" has been developed t2 provide basic curative and 

preventive care for rural populations. These workers range frcm "barefoot 

doctors" in China to "medex" in Guyana, "connrmnity health workers" in the 

Sudan, "health aides" in Alaska, and "auxiliares" and "promotores" in Ecuador. 

Despite their varied training and geographical and cultural setting, 

theso health workers have much in common. They are expected to provide basic 

care in their communities under very difficult conditions. Drugs and supplies 

may take weeks or months to arrive, patient evacuations may only be possi.ble 

if a vehicle happens to be available, and help may be hocrs or days away. 

Given thnse difficulties, two-way communications can serve many functiv.-3 to 

provide support to isolated health vorkers. In many parts of the world, 

health workers use simple two-way radios (operated something like a taxi 

radio) to stay in touch with physicians at regional hospitals. In same cases 

the radios are used only for medical communications; in others they are shared 

with other government agencies. If telephone service is available, it may be 

used for health communications. In Alaska, health aides use a "satellite 

radio," a special audio-conferencing network linking health aides to regional 

hospitals by satellite. 

These various technologies provide several functions: 

o Consultation: In Alaska, health aides are in regular 

contact with a regional physician through a daily -. - 

scheduled "doctor call." They receive assistance or 

confirmation in diagnosis and patient managemeqt, and may 

request evacuation of patients who cannot be treated 

adequately in the village. In other systems, such as 

Medex in Guyana, health workers are expected to operate 



autonomously, and use the radios only for consultation for 

very unusr-a1 or difficult cases. 

Administration: Telecoarnunications can enable more 

efficient administration of rural health care services, as 

radio3 may be used to order supplies, arrange patient 

transportation, coordinate logistics, follou-up on orders, 

etc. In an emergency, a health worker can alert head- 

quarters of an urgent 3eed for antibiotics, vaccines, 

etc. Routinely, hea1t.h workers may save weeks or even 

months by placing orders by radio and follawing up on 

missing sf.Lpents. 

Arranging Transportation: Telecommunications can be uszd 

to provide emergency evacuations and to coordinate visits 

by nurses and physicians to the field. Flying doctor 

services (e.g., in Kenya, Tanzania, Lesotho, and 

Australia) generally have the frequencies of the 

terrestrial radio network in their aircraft so that planes 

can be directed in emergencies. Same systems put radios 

in ambulances and field vehicles. 

a Supervision: Once a primary health care worker is trained 

and sent out to the field (or back to the home cmmunityl 

he or she usually functions virtually autonomouely, with 

only infrequent visits by supervisors or special refreeher 

training sessions. Two~ray radios can be used to provide 

a form of remotet supervision by giving guidance and 

feedback to health workers in the field. 



Referral and patient follow-up: A radio system can b6 

used to refer the patient to the next level in the health 

care system for diagnosis and/or treatment. Although 

consultation by radio may enable some patients to be 

treated in their home communities rather than be referred, 

in other cases it will still be necessary ta refer the 

patient to a more senior level (e.g. from health post to 

subcenter, or subcenter to hospital). In this case, the 

provider can discuss with the supervisor the appropriate 

action to be taken, and can alert the supervisor as to 

when to expect the patient -- or to arrange for trans- 
portation if this is possible. The radio system can also 

be used to follorup on patients that have been 

transferred. This is useful not only for the local 

provider who can then be kept informed of the management 

and status of the patient, but also for relatives in the 

home community who can be informed about the condition of 

the patient. For example, in Guyana, before the 

installation of the radiu system, most remote medex did 

little or no patient follow-up because of the time needed 

for transportation to the hoepital. Now a ma,jority of the 

medex with radios do routine follow-up on transferred 
- -. - 

patients .using the radio network. 

Morale: Finally, but 'not unimportantly, a c-unication 

unit can boost the morale of a health wo~ker in a remote 

area. In Lesotho, public health nurses were adamant that 

if the government wanted to extend health oe-vicee into 



the remote mountain areas, it was aandatory that 

comunication facilities be supplied for clinics there. A 

health aide in Ale-ska emphasized: "I use the satellite 

radio every, every, every day." 

Continuing !?ducatiob; Some telecommunications systems can 

be used for continuing education. In Alaska, health aides 

learn by "listening in" to the daily doctor call with 

other,aides on the audio conferencing systes. In Guyana, 

weekly "grand rounds" by radic are ~ s e d  to present cases 

to tie medex and to quiz them on their knowledge. 

There is a variety of evidence from other developing countries that radio 

can effectively be utilized as a component for both continuing education for 

health practitioners and for cornmunit.-- health education. Communication 

systems with an interactive ccsponent have been used for continuing education 

in a variety of settings. 

In the AID-sponsored Medex Project in Guyana, a two-way high frequency 

radio system used primarily for administration and managemen:: of para- 

professional medex workers is also used regularly for continuing education. 

Oncc a week, a "grand round1' is held with the physician in Georgetown, the 

capital, quizzing the medex on steps in diagnosis and treatment of varioue 

medical problems. The medex must present cases which tkiy have encountered. 
- - 

In Alaska, a satellite-based communication system, primarily designed for 

:onsultation between village health aides and doctors in regional hospitals, 

was also found to have educational benefite. Due to the coaference-call 

nature of the channel (all locations in the region shared the same frequency), 

h2alth aides were able to listen to advice from the doctor to their colleagues, 



and learned from these exchanges. Special courses for nurses and other field 

staff were offered using the system. 1.1 the South Pacific, WHO used a similar 

audio conference satellite network operated by the University of the South 

Pacific for regic-a1 seminars and follow-up training workshops for its staff 

and for heal?. providexs throughout the region. 

2. Requirements for Two-Way Communications for Inte~rated Rural Health 

Services 

2.1 The Rural Health Care Delivery System 

The delivery of rural health services within each province is 

organized in several levels of function and responsibility. For effective 

management of the system, it is important to have communication between these 

various levels, which include 

Jefatura provincial: - provincial chief with overall 
responsibility for health services 

Jefatura de area de salud: -- responsible for health services in 
a specified area 

Centro de salud: -- regional health center 
Hospital (in canton capital): -- regional hospital (may be 

colocated with health center) 15 

to 25 beds: provides emergency, 

pediatric, OBGYN, and outpatient 

care. 
. - 



Subcentro de salud 

(in parish subdivision, 

population over 1500): 

Puesto de salud 

(centers with popula- 

tion under i500): 

Promotores 

(in villages): 

- staffed by physician, nurse and 
ssnit; ry inspector 

- (plans call for additional staff 
including dentist and dental 

nurse) 

- one or two beds; primarily 
outpatient care 

-- responsible for health care in a 
town a3d its 3urrounding area, and 

for superviszcn of rurll staff 

-- stafi~d ?y nurse 'rained in rural 

primary healrh care 

-- community hea~r'is promoter& with 
basic training in first aid and 

treatment of minor problems, and 

in preventive techniques including 

sanitation arid nutrition. 

Primar ' iy active in comrm.~ity 

he~lth educat . ,n. 

It should be noted that Ecuador haa more physiciane in rural areas than 

many developing countries because all graduating M.D.'s are required to spend 
- - 

a year in rural practice. 

2.2. Communications Requirements 

h e  attached chart (Figure 1) shows the trarlaus levels and the 

requirements for communication between them. Generally, there is a need for 

eupervisory communication primarily between each level and the one below it, 



. 
and for consultation, referral, and administrative support between each level 

and the one above it. However, the area supervisor should also be able to 

comrnrnicate with all providers in the system if necessary. Also, for 

educational applications, it may be necessary for the hospital or health 

center to orginate programs that can be heard by all sites. 

Although for normal consultation and referral, the chain of colrnmrnication 

is likely to be with the next highest level (health posts to subcenters, and 

subcenters to hospitals), it will be important for all sites to be able to 

coutact the hospital because it is t?.e only location in the system with 24 

hour per day service. All other units function basically 8 hours per d a ~ l  on 

weekdays only. 

Also, for educational applications, all sites should be able to tune to 

the same frequency for grand rounds, tutorials, refresher sessions, etc. This 

11 co;7.ferenceW feature is a special advantage of two-way radio. 

It should be noted that in some cases, more than one function is located 

in the same town (e.g. hospital and provincial chief in Riobamba; hospital, 
- 

health center, and area chief in Jipijapa). In this case there is a need for 
- 

a radio only in one location, with links via phone patch to the other offices. 



Jefatzra P r w i a c i a l  

I-.. Jefatura de Area de S a h d  .. 

t . 
a s  

I .  

. -  
*. ' . # . . . . -. . . 

~ u e s t o k -  de". - 

4-b L i n e s  of Communication for Administration 
and Supamis ion 

0- - ) L i n e s  of Communication for Emergencies 

. . . . . . . ) L i n e s  of Communication for Continuing Education, 
Informstion Distribution, etc. 



Potential Functions of Two-way Communication for Rural Health 

Services in Ecuador 

i. x r p e n c y  Assistance: Enables the medical worker (or a 

comnunity resident if necessary) to request emergency assistance, incl-uding 

advice on treatment, request for evaluation, or norification that an emergency 

case is on the way. 

ii. Consultation: Regular contact with a doctor for advice in 

diagnosis and treatment of patients, and screening of serious cases. 

iii. Supervision: Super- isi ion of field staff on a regular basis 

by the physician or other supervisor at a regional center. 

iv. Administration and Logistics: Regular contact between 

regional and field sites for ordering supplies, arrangements of provider 

visits and patient transfers. 

v. Referral and Follow-up: The radio can be used to notify a 

rural physician or specialist that a patient is being referred, and can enable 

the rural provider to follow-up on patients referred to another location. 
- 

vi. Morale: Knowing that a doctor is "on call" and that the 

doctor can back up a health worker's advice to a patient can boost morale. 

Keeping in touch with colleagues in other locations can reduce the sense of 

isolation, especially when a health worker is posted to an unfamiliar area. 

And information about patients away for treatment conveyed to relatives can 

allay their fears. 
- . - 

vii. Education: Informal continuing education of health 

workers through interection with a physician, and with each othcr; conferences 

or seminars for health workers; follow-up to refresher courses or correspond- 

ence material. 



3. Criteria for Selection of Sites 

The USAID project paper has proposed thi;t two IRD areas be selected for 

pilot projects using two-way radio, with tbe third serving as a control 

area. In consultatisn with USAID in Quito, the Quimiag/Penipe and Jipijapa 

IRD areas were selected. The Salcedo area will serve as a control. 

If possible, it would be best to equip all locations in the health care 

system in these areas with two-way radios. However, budget limitations 

indicate that priorities may have to be set for service within each area. 

Criteria which should be used tc select sites include: 

3.1 Level of Management: 

The chief of the area and of the province should be included in 

the system, as should the regional hospital. (It may not be necessary to have 

radios in each of these locations, as phone patches can be used to connect 

them with a radio, if several sites are located in one town.) Subcenters and 

health posts should be linked into the system. 

3.2 Degree of Isolation: 

If there are insufficient funds to link all sites at these 

levels, then isolation should be a major factor. Sites with poor road access 

and/or that are inaccessible during the rainy season should receive priority. 

(It was found in Guyana that the most isolated poets were heavier ueers of the 

system than those along the coast with accesg to roads and telephones). Sites 

with no telecoarmunications service (i.e. public telephone and/or telegraph) 
. - 

should receive priority over sites with eome telecommunications facilities. 

3.3 Motivation: 

Interest in being able to communicate is likely to be a key 

factor in successful utilization of the system. Field staff who have a keen 

interest in their work and would like to be able to have mure contact with 



other sedical staff in the area and with the regional administration are 

likely to be the best candidates for access to radios. 

3.4 Existence of Other Rural Development Activities: 

If the number of radios is limited, the existence of other 

rural 'development staff or field activities at a site should be considered in 

site selection. This criterion would ensure that there is maximum possibility 

for utilization of the system for integrated rural development gosls. 

3.5 Promotores? 

It appears f r m  experience in other countries that the 

connuunity health workers or promotores as they are known in Ecuador, may not 

derive as much benefit from the communications link as other providers because 

of their limited functions and itinerant activities. However, it may be 

useful to install radios in a few locations for use by promotores, especially 

those who are isolated for extended periods during the rainy season, or have 

no means of getting messages or information from the health posts. Isolation 

and motivation should therefore be key factors in identifying participants. 

3.6 Suggested Sites: 

Several suggestions were made about priorities for two-way 

radio sites in the Quimiag-Penipe and Jipijapa regions, based primarily on 

degree of isolation and need for supervision. The following lists were 

suggested by field staff in each region. Final site selection should be 

carried out in consultation with the Ministry of Health in Quito, the area 
- - - 

chiefs in the field, the Secretariat of Integrated Rural Development, and 



Puesto de Salu?: 

Sites Identified for Two-way Radio Pilot 
Project in Quimia~ - Penipe 

Centro de Salud: Riobamba 

Subcentros de Salud: Quimiag (administrative center) 

Penipe 

Matus 

Palictahua 

Quilluvacu 

El Guso (Penipe) 

Nahuzo 

Candelaria 

 haz zag 

Tumba 

El Guso (Quirniag) 

Llugud 



Sites Identified for >Way Radic Pilot 
Project: Jipijepa Area 

Centro de Salud J i p i  japa 
hospital 

Subcentros de Salud: Puerto Cayo 

Manchalilla 

Puerto Lopez 

Gua 1 e 

America 

El Anegado 

Pedro Pablo G m e z  

5 de Julio 

Puestos de Salud: Julcuy 

Agua Blanca 



4. - Training Requirements 
Rural health staff and other rural development workers who will be 

expected to use the radio network -*ill require training in the operation and 

basic care of the radios. 

One aspect of this training is primarily technical -- i.e. how to turn on 

the radio and select the appropriate channel, adjust volume and other 

controls, check the power supply system regularly (e.g. test the battery and 

dust off solar panels), and simple trouble-shooting (check battery, antenna 

leads, microphone wires etc.) 

A second aspect of the training is procedural. This includes radio 

"etiquette" and terminology for contacting other stations, use of common radio 

terminology, estabishing and maintaining regular schedules for contacting 

various levels of the health delivery system, how to keep radio logs, etc. 

The third aspect involves applications of the radio to support rural 

health care r-tivities. This part of the training must show health staff how 

the radio is to be integrated into their other functions of supervision, 

treatment, and education. It should demonstrate use of the radio for these 

various activities and suggest applications that support the major functions 

of the various health care workers. Much of this training should be "hands 

on", i.e. actually using the radio. Although each user can be trained in the 

technical aspects of radio use by the crew which installs the radio on 

location, it is preferable to incorporate all three aspects of training in a 
- -. - 

seminar or workshop which brings the users together. They can be divided in 

groups so that each gets a zhance to work with the equipment and to make radio 

calls either to a set already installed in the field or to a "dummy unit" set 

up for training. Each level of providers should also be instructed in how to 

use the system for their daily activities. Finally, eacn user should receive 



a basic manual on radio use and wall charts (which could be made during the 

seminar) which give basic steps for using the radio, list all the sites in the 

network, list the phonetic alphabet and any other important terminology, etc. 

The training workshop (which need only last one or two days) should be 

directed by the technical staff in charge of installing and/or maintaining the 

radios and by a resource person experienced in the use of two-way radio to 

supporr rural health services. These trainers could work with regional health 

staff to prepare the manuals and the iurriculum for the training workshop. 

5. Evaluation 

The two way radio projects should be evaluated in terms of: 

-- the technical performance of the system 

-- utilization of the system 

-- benefits of system utilization for rural health and 

other development goals. 

5.1 Technical Performance 

It will be important to monitor the technical performance of 

the system to determine how well the equipment functions in the field, and how 

reliable the quality of the signal is from the various sites. Logs can be 

used as a primary source of data, accompanied by maintenance records and 

interviews with users. These sources will provide information on the per- 

formance of the various componentp of the system including radios, power 

supply, and repeaters under a variety of field conditions. 
- - .  - 

5.2 Utilization 

The evaluation should also provide data on the purposes and 

frequency of system use, by the various levels of health providers and other 



development staff. Among the purposes of utilization are likely to be: 

- administration and logistics 

-- referral and follow-up 

- education, etc. 

As noted above, logs of aystem use can provide these data. Each site can 

be provided with lcg sheets where they record informatron about each radio 

call including: 

-- date and time 

- destination of call 

-- purpose of call 

-- brief summary of message 

-- quality of the signal (usually rated on a scale of 

1 to 5 ) .  

Pimple codes can be developed for these catagories, so that very little 

effort and time is required to record the information. Log sheets can be 

forwarded at regular intervals (e.g. monthly) to the central administration, 

and can be analyzed by the evaluators. The logs can also be used to record 

any problems with the equipment, important messages to be relayed to others in 

the comnunity, notes on absences frum post, etc. A master log at the base 

station should also be kept of all messages sent and received. This also acts 

ae a means of recording informat'on and orders that are to be passed on to 
- -. - 

others, and noting that the message has been delivered. (Simple logs have 

been used for similar projects in Guyana, Kenya, and among native conmunities 

in northern Canada with very reliable results.) In some countries the 

government requires logs to be kept as part of the terms of the licenee. 



5.3 Benefits of the System 

It will be important to relate the applications of the system 

to the goals of the rural health program. For example, to what extent does 

radio cormrmnication contribute to improving the management of the integrated 

rural health delivery system? Zas the radio network had any impact on 

reducing the amount of time required to obtain drugs and supplies, to obtain a 

doctor's advice, to coordinate health education activities? Are there other 

factors that have limited the benefits of the radio network such as lack of 

sufficient inventory of supplies, lack of vehicles, or insufficient time or 

personnel to develop educational applications? What changes could be made to 

improve the operation of the system, and/or its effectiveness? 

Information on these topics is likely to be gained from analysis of the 

logs followed by interviews with users to review with them the applications of 

the system and any problems they have encountered, and to gain their 

assessment of utility of the system in their work and for the goals of the 

rural health project. 
- 

The evaluation should not be seen solely as summative (i.e. drawing final . - 
conclusions about the radio project as a whole) but priaarily as a formative 

evaluation that will provide and can provide guidance to determine whether and 

how to implement similar radio systems in other development areas. 

5.4 Potential Evaluators 

There are several sources of expertise that could be used to - -. - 
carry out the evaluation. The University of Valle in Cali, Colombia, will be 

involved in the evaluation of the primary health care project. It is possible 

that with some assistance in planning of the evaluation of the communication 

component, they could take charge of the field evaluation. Another organi- 

zation that could carry out the field evaluation with .stance in evaluation 



design is CIESPAL, El Centro Internacional de Estudios Superiores de 

Comnunicacion para America Latina, which is based in Quito. Dr. Eduardo 

Contreras, an expert in communication research at CIESPAL, stated that CIESPAL 

could recommend several researchers and could coordinate field research, with 

appropriate guidance on the factors to be evaluated. 

Such guidance for CIESPAL and/or the University of Valle could come from 

several sources of expertise in the United States. The Academy for 

Educational Development has carried out field research on several similar 

projects for AID. The University of Texas has a program in comunication 

research with several faculty members who have experience in evaluation of 

communication projects. They include Dr. Heather Hudson, with extensive 

experience in the planning and evaluation of two-way radio and other 

telecommunications projects to support primary health care, and Dr. Emile 

McAnany with experience in evaluation of a wide variety of rural comunication 
= 

projects in Latin America. The College of Communication has close ties with 

the Institute of Latin America Studies at the University of Texas, which also 
- 

has faculty and students experienced in evaluation design and field research 

in Latin America. Other universities, incl~ding Stanford and Florida State, 

have related experience in communication research. It is recmended that 

U.S. evaluatljrs be contracted to develop the research design and evaluation 

instruments, including logs and questionnaires, in collaboration with a Latin 

American institution that would take responsibility for collection of data in - -. - 
the field. 



6. Issues 

6.1 Integrating the Radio Communication System into the Management 

Sps tem 

Based on experience in other rural health applications of e.0- 

way radio, it is likely that one of the main functions of the system will be 

for administration and supervision -- i-e. regular supervision of field staff, 
coordinating logistics of field visits, organizing meetings and courses, 

ordering supplies, etc. However, to be most effective, the radio will have to 

be seen as a tool of the overall management system. If senior staff do not 

feel that supervision is one of their central duties, or if field staff expect 

to operate autonomously, the communication system is likely to be 

underutilized. Thus, emphasis on integrated management should be included in 

radio training, and the radio system should be presented as a tool to meet 

project gcnls. 

6.2 Applications for Other Rural Development Functions 

In many locations, the two-way radio system will be the only 

means of conmunication with other localities in the area. It is likely to be 

the most effective means of government communication, even if a telegraph 

office or public phone is located somewhere in the cammmity. To derive 

maximum benefit from this system, it should be seen as a tool for 

administration of the integrated rural development program, rather than solely 

a tool for healti. communication. Thus, there should be a link to the area - - - 
chief so that he can monitor .rural development activities in the field. In 

some cases, health sv'bcenters are colocated with other development offices. 

h e r e  should be a general orientaticn for rural development field staff so 

that they are also able to use the radio system even if it is located in the 

health center. 



6.3 License and Utilization Fees 

The director of frequencies for IETEL, Ing. Franco Munoz, 

stated that there were not likely to be any major problems in obtaining 

frequencies for the radio networks once the appropriate documentation was 

supplied. However, he stated that the goverment charges private users for 

the use of radio communication systems. Although he could not provide an 

exact price quote without more detailed information, he estimated that the 

charge for a system of 12 sites with two frequencies operating 12 hours per 

day would be 27,840 sucres per month (or about $7GO per month.) He indicated 

that a waiver of this fee might be possible if the Minister of Health wrote a 

letter to the Minister of Comnunications. It will be important that this 

issue be resolved and a waiver obtained before equipment is procured for the 

project. 

6.4 Community Health Education 

Among the major health problems in rural Ecuador are diarrhea 

and other digestive disorders, parasites, genito-urinary problems, and 

respiratory problems. The solution to these problems will require changes in 

attitudes and behavior as well as environmental improvements. The AID 

integrated rural health project emphasizes improved sanitation and nutri- 

tion. A major component of these improvements will be community health 

education. However, communication can also be used to reach rural residents 

directly. For example, radio broadcasting could be an effective tool to reach 
- - - 

rural families with information on the importance of personal and community 

sanitation, nutrition, prevention and treatment of infant diarrhea, etc. 

Radio programs could also be used to support other componente of the inte- 

grated rural development project. Radio broadcasts on existing stations could 

reach rural families, -st of whom have transistor radios. Carefully planned 



and targeted proqrams coupled with community health activi~ies promoted by the 

health care providers and working with community organizations could 

effectively contribute to alleviating the underlying causes of many rural 

health problems. 

It is recommended that a radio broadcasting component be included in the 

integrated rural development project, and that t h ~ r e  be close collaboration 

with health education activities of the Ministry of Health and with conmxunity 

organizaticns such as the Campesino Training Institute and the Uaion of 

Campesino Cooperatives. 

Training seminars in the use of radio broadcasting and other 

comnunication techniques for health education and comnunity development should 

be included. The Academy for Educational Development provides such seminars 

under contract with AID. CIESPAL in Quito also has resources and expertise 

that could be used in such training seminars. 

The Existing Teleconanunications System and Options for a National 

Network -- 
During our visits to the field, we inquired about existing 

telephone facilities in the sites visir-d. Many locations had no telephone or 

telegraph service. Subcenters at a few locations did have telephones, but 

invariably they did not work, or worked so poorly that they were rarely 

used. For example, in Penipe, the operator stated that the telephone had not 

functioned properly since the installation of the electrical distribution 
- -. - 

system three years previously, becarise of very noisy interference. The phone 

could only be used to send telegrams. In some locations there are telegraph 

offices for urgent messages. Thus the existing telecommunications facilities 

are not appropriate for health services or other rural development use. 



The Minister of Health indicated interest in a national system for health 

comnunicstions. It is assumed that this would require interconnection of the 

various regional and subregional systems. It is not clear that a large 

investment in two-way radio technology would be the best solution in building 

such a network. The following optioi's should be considered: 

1. Connecting pilot regions and other IRD areas to Quito: If the pilot 

project proves to be successful, radios could be installed in other IRD areas 

with similar problems of isolation and poor comrmnication. A national station 

(e.g. in the Ministry of Health and/or Rural Development Secretariat in Quito) 

could be added so that officials in Quito could be in touch with the IRI)  

areas. 

2. Interconnection with existing telecommunications system: The 

national teleconsnunications entity, IETEL, provides telecomnunications 

services t3 major centers in Ecuador and to many smaller towns. The Ministry 

of Health could simply use the national system to reach the provincial and 

area level supervisors. If it was thought necessary to be able to communicate 

directly with the field staff, a phone patch into the radio systems could be 

used. 

3. Telecommunications priorities for rural development: It has been 

demonstrated in many countries that an investment in rura: telecomnunications, 

in conjunction with other essential rural infrastructure such as roads, water 

supplies and electricity, is an essential component for rural development. 
-- - 

The GOE has identified 17 target areas for IRD activities. Senior GOE 

officials who set rural development policy should inform IETEL of their 

priority communication requirements, so that IETEL's plans for rural expansion 

can include the national rural development priority areas. This may be a 



longer term soluticn, but it will eventually Lead to greater benefits from an 

investment in rural relecomnunications for Ecuador's rura!. devel~~pment. 

Mass uedia are not generally ap~ropriate for.continuing education of 

field staff in developing countries because the target population is 

relatively small. However, radio broadcasting has been used in many countries 

as an effective component of comnunity health education activities. In 

Tanzania, a campaign to improve community enviromenral health and education 

used radio in conjunction with comnunity listening groups as a key component 

of the campaign. In a project supported by AID in Tunisia, a radio progrm 

called "Dr. Hakim" used the character of a wise and respected physician to 

answer questions related to health and to provide advice on how to improve 

community health. In another AID supported project in the Philippines, radio 
- 

programs in the form of skits or "soap operas" have been used to encourage 

mothers to improve their use of more nutritional foods when weaning their 

babies. 

AID is also undertaking two pilot projects, in Honduras and the Gambia, 

to determine whether radio broadcasting in conjunction with local health care 

providers can increase mother's knowledge and proper use of oral rehydration 

techniques for infants. In general, it has been found that a combination of 

mass media and interpersonal communication for community health education has 

been more effective in changing behavior than either one alone. In health 

education, community health information activities should therefore be built 
- -. - 

around the colanunity health workers, i.e. auxiliares and promotores, in 

Ecuador. 
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PREFACE - 

1. l 3 e  Governsent of Ecuador (GOE) is firmly conmitted t o  improve 

i t s  r u r a l  hea l th  care. Experience i n  t h i s  area of Public s e z  

i c e  has developed evidence tha t  without a substant ia l  means 

of communication between the  various segments of t h i s  f a c i l i t y  

i t  i s  d i f f k u l t  to create  and t o  maintain a high l eve l  of morale 

among the  s t a f f  persannel, as wel l  a s  t a  operate an e f f i c i e n t  

delivering service  fo r  c r i t i c a l l y  needed drugs. It is a l so  an 

e f fec t ive  way t o  monitor the effectiveness and the  eff ic iency 

of the  ru r a l  heal th  care  system. 

This p i l o t  program w i l l  un i t e  the most i sola ted r u r a l  areas  i n  

radio communication of Ecuador. It w i l l  prove t o  the  many health 

workers, and t o  the pa t ien t s  themselves tha t  t h e i r  government 

has an in tense  basic  de s i r e  t o  develop and maintain the c lose  

coordination of its s t a f f  devoted t o  Public Health Service. It 

w i l l  provide a cost  e f f ec t i ve  and highly e f f i c i e n t  e f f o r t  towards 

improving publ ic  health.  

Because of t he  geographical ba r r i e r s  t o  any form of e lec t ron ic  - -. - 
communication t ha t  ex i s t  i n  Ecuador, as w e l l  a s  the many miles 

at  inadequate roadway, poor,or non-existent telephone se rv ice  

3 and excessive remoteness, t h i s  i n i t i a l  o r  p i l o t  program of 

radio communic.tion should be simple to  operate, highly ef- 

f i c i e n t  , and completely r e l i a b l e  upon demand, so t h a t  i t  can 

material ly a s s i s t  i n  the delivery of health care service. 



For the above reasons two of the three  or ig ina l  areas have been 

compressed i n t o  s ing le  p i l o t  areas.  This w i l l  demonstrate the 

effectiveness of radio communication service  i n  public heal th  

care ,  and w i l l  e s tab l i sh  a model acdfun-ctioning network, tha t  

can be eas i ly  expanded in to  a more complex system which ult imately 

include enelqe icy services as well  as a national cen t ra l  

conrrol. 



1.1. Subjec t  Xaterial 

The s tudy  has  been nade t o  determine t h e  f e a s i b i l i t y  of providing 

a n  ope ra t iona l  and l o c a l l y  i n t e g r a t e d  system of 2 way r a d i o  com- 

munication betweec s e l e c t e d  r e g i o n a l  h o s p i t a l s  and t h e i r  respec- 

t i v e  c e n t e r s ,  Sub --Centers,  Pos t s  and t h e  p o s s i b l e  i n c l u s i o n  of 

a r e s t r i c t e d  quan t i t y  of mobile u n i t s  and hand held po r t ab l e  

r ad ios  f o r  Heal th Promoters. 

1.2. Objec t ives  of t h e  Study 

The b a s i c  o b j e c t i v e s  of t h e  proposed 2 way r a d i o  network is t o  

i n c r e a s e  t h e  admin i s t r a t i ve  e f f i c i e n c y  of t h e  h e a l t h  improve- 

ment plan;  t o  minimize t h e  unwieldy de l ays  between equipment 

and medical supply order ing  and d e l i v e r y  time; t o  provide a 

c l o s e r  r e l a t i o s h i p  between a l l  ope ra t ing  personnel  and t h e i r  

r e s p e c t i v e  supe rv i so r ;  t o  coord ina te  t h e  a c r i v i t i e s  of  t h e  

s e v e r a l  l e v e l s  o l  medical t reatment  c u r r e n t l y  being rendered 

t o  t h e  General Publ ic ;  and i n  gene ra l  t o  enable  management t o  

b e t t e r  understand t h e  mul t i t ude  of medical and superv isory  

problems t h a t  e x i s t  w i t h i n  t h e  ranks of t h e i r  subord ina tes ,  

and t o  assist i n  providing inmediate  answers t o  such problems.- -. - 
The i n i t i a l  ob jec t ive  'of t h e  s tudy is aimed more d i r e c t l y  a t  

admin i s t r a t i ve  advancement and - r e f e r r a l s  than f o r  &nergen'c'y-' -- -. --- .- - - ---- 
. - --- - . - 
s e r v i c e s .  However, t h e  b a s i c  -plan i s  designed to-  ultimatelfr-' -- -- - .  . 

-- 
encompass both ' admin i s t r a t i ve '  as we l l  -as emergency-sefvices,  i f  
. - -. . - - - . - . - - 
s o  des i red .  



. -  - 

2. Area Xsfereaces  

2.1. The a r e a s  o r i g i n a l l y  e s t a b l i s h e d  t o  be reviewed f o r  t h i s  

scudy c o n s i s t  of t h e  fo l lowing  l o c a t i o n s  - of which sample 

f i e l d  a n a l y s i s  have been complied and a r e  presen ted  here in .  

2.1.1. Quimiag Penipe a r e a  

Heal th  Center 

I.R.D. 

Subcenter 

Hea l th  Pos t s  

- Riobamba (Hosp i t a l s )  

Quimiag 

Quimiag 

Penipe 

Matus 

P a l e c t a ~ i u a  

Aquil luvaca 

E l  Guso, North 

Nabuzo 

Candelar ia  

Chanag 

Tumba 

E l  Guso, South 

Lla jud  Bajo 

Pacu pala 

Altar 

Panchina l lay  



2.1.2 J i p i  japa Area 

Health Csntsr  

Subcenters 

Health Pos t s  

J i p i  j apa 

Porto Cayo 

Xachal i l la  

Puerto L6pez 

Gual e 

E l  Anegado 

Pedro Pablo G6mez 

5 d e  J u l i o  

Amsrica 

Julcuy 

Agua Blanca 

Sangan 

E l  Vital 

Salango 

2.2. It is t o  be noted t h a t  a c e r t a i n  ,amount of coordination w i l l  

be required i n  the f i n a l  s e l e c t i o n  of subordinate s i t e s .  Such 

coordinat ion and the  firm establishment of s i t e s  t o  be considered 
-. - 

f o r  the  p i l o t  program can be determined between t h e  Ministry 

of Health and t h e  Medical personnel i n  t h e  f i e l d .  



3. Pre Study Data 

3.1. Prior t o  the proposed s i t e  v i s i t e t i o n , .  a typ ica l  

group of two way radio  users  i n  Ecuador were v i s i t e d  t o  s o l i c i t  

from them t h e i r  experience i n  es tabl ishing t h e i r  own two way 

radio ne twor.&:. 

3.2. A var ie ty  of generalized and r e l a t i ve ly  broad guidelines 

were obtained from these radio operating organization a s  follows. 

3.2.1. The exis t ing topographic maps a r e  su f f i c i en t l y  inaccurate 

t o  render useless any calculated path s tudies .  

3.2.2. To access a11 points being considered usually required a 

wide and composite range of frequencies unless compensating 

budgetary enhancemenr is available.  

3.2.3. .Lack of r e l i a b l e  power or power i n  i t s  en t i r e ty  is common 

i n  the ru r a l  areas. 

3.2.4. The prohibi t ive  cost  of road construction to  l oca t e  the  

most advantageous repeater  s i t e s .  

3.2.5. The unreasonable cost  of obtaining frequency a l locat ions .  

. - - 

3.3. References 

Voz de 10s Andes Tom Folghum 

Director of Frequencies Francisco Mu502 

Ministry of Agriculture Marcelo Mora1.e~ 



Texaco Robert Xoore 

4 .  Reconmended equipment s p e c i f i c a t i o n  d a t a  f o r  2 way r a d i o  

connnunication i n  Ecuador. 

4.1. Ecuador is only p a r t i a l l y  mapped i n s o f a r  a s  topography is 

concerned. The e x i s t i n g  topographic maps do no t  r e f l e c t  

t h e  a c t u a l  phys i ca l  displacement of  e l e v a t i o n s  and a s  such 

a r e  n o t  s u i t a b l e  f o r  po in t  t o  p o i n t  r a d i o  pa th  de te rmina t ion .  

A s  a  r e s u l t ,  pa th  surveys,  and t h e  de te rmina t ion  of t h e  

p a r t i c u l a r  frequency spectrum f o r  any ind iv idua l  r a d i o  

path r e q u i r e s  an a c t u a l  f i e l d  measurement t o  a s s u r e  p o s i t i v e  

r e s u l t s .  Even by t h e  use of SSB HI? wi th  wave propagat ion 

e n t i r e l y  on a v e r t i c a l  p l a n e .  f o r  r e f l e c t i o n  e f f e c t  trans- 

mission,  an adequate r ecep t ion  l e v e l  cannot be assured  with- 

ou t  f i e l d  tr ials.  

4.2. Because of  t h e  e x i s t i n g  topography of t h e  a r e a s  being considered 

f o r  a p a r t i c u l a r  network, a v a r i e t y .  of f requencies  may be  

- ,  - 
necessary ,  w i th  p a r t i c u l a r  emphasis on  the lower bands. Many 

of t h e  r u r a l  towns a r e  nominally l oca t ed  a long  canyon. bottoms 

t o  be near  t h e i r  water source,  and such l o c a t i o n  a r e  surrounded - 

by h igher  e l e v a t i o n  h i l l s ,  t h u s  making any s u i t a b l e  



transmission path d i f f i c u l t  to  obtain, except by re f lec t ion  

( sca t te r )  o r  possibly fron S a t e l i t e  (an extremely cost ly  pro- 

cedure). 

However, c e r t a in  locations a r e  within a poss ible  semi-visual 

distance from each other,  and f i e l d  t e s t  would ea s i l y  e s t ab l i sh  

the r e l i a b i l i t y  of the path. 

It 'is t o  be noted tka t  c-xisting r e f l ec t i on  paths would be un- 

advisable fo r  emergency operation (a possible fu ture  require- 

ment) inasmuch as the overhead v a r i a b l e  r e f l ec t i on  media ( the 

. Hearjside l ayer )  is  not ,.onstant, and su i t ab l e  transmission 

is l i s i t e d t o  a f ew  hours per day, usually i n  the ea r ly  morning 

and l a t e  afternoon. 

- - 
None of the distances between the  cent t ' a l - ~ o n t r o l .  po-int.- - - 

and its subordinate o f f i c e s  is excessive, which under point  

to  point transmission parer fo r  l i n e  of s i gh t  distances would 

be minimal (1 t o  5 watts) .  However because of topographic 

variation,power a s  high a s  25 watts  and using - - - 

di rec t iona l  or mult i-directional  ar rays  would be required. 

The use of a var ie ty  of radio types tends t o  a s s i s t  i n  provid-. 

ing a higher l eve l  of assured transmission paths,  but it 

also  places a burden on warehousing and maintenance operations. 



4.3. Many of  t h e  in t e rven ing  riciges are above t h e  12.000 f t .  (4.000~1) 

e l eva t ion ,  and some l i e  w e l l  w i th in  g l a c i a l  areas. A few r i d g e s  

have access  roads,  bu t  norinally r e q u i r e  4 wheel d r i v e  veh ic l e s .  

Most of t h e  e x i s t i n g  r i d g e  access  roads do n o t  go above t h e  

8.000 f t .  (2.700 n) e l e v a t i o n  s i n c e  t h e r e  has  been no reason 

h e r e t o f o r  access  t o  t h e  h igher  e l eva t ions .  Those r i d g e s  t h a t  

do have acces s  roads a s  noted,  l e a d  t o  a r e a s  t h a t  may o r  may n o t  

be s u i t a b l e  f o r  t h e  r e p e a t e r  s i t e s  r equ i r ed  f o r t h l s  p ro j ec t .  I f  

e x i s t i n g  r epea t e r s  a r e  l oca t ed  on t h e  r i d g e ,  some have a power 

l i n e  t o  the s i t e .  

Because of t h e  problem of l and  a c q u i s i t i o n  f o r  r e p e a t e r  ope ra t ion ,  

it is h igh ly  d e s i r a b l e  t o  u t i l i z e  e x i s t i n g  sites wherever p o s s i b l e  - 
? 

i f  s u i t a b l e  arrangements can be made wi th theoccupan t .  The exist- 

ing  f a c i l i t y  owners of known r e p e a t e r  s i t e s  i n d i c a t e  no problem 

f o r .  a d d i t i o n a l  occupancy w i l l  beencountered i f  guarentees  are 

provided t o  a s s u r e  non-interference wi th  t h e  e x i s r i c g  systems. 

The r e p e a t e r  s i t e  s e l e c t i o n  r e q u i r e s  f i e l d  t r i a l s  t o  determine 

adequacy of coverage f o r  ou r  r a d i o  ne tvbrk  as well a s  t o  a s s u r e  

t h e  s i t e  occupant of t h e  non-interference element. - - - 

4.4. During t h e  f i e l d  survey f o r  t h i s  s tudy a r e l a t i v e l y  h igh  per- 

centage o f  Heal th Pos t s  were found t o  have no commercial 

e l e c t r i c  power, e i t h e r  cont inuous o r  i n t e r m i t t e n t .  A l l  o f  



the Subcenters have power, some with l oca l  generators tha t  

operate only on a par t  t h e  basis .  A l l  dea l th  Centers wi ta in  

the network have continuous power. 

Under the  var ie ty  of e l e c t r i c  power sources, and t o  assure 

the pos i t ive  operation of the radio  network, i t  is f e l t  tha t  
- - 

ba t te ry  powered equipment should be recommended a t  a l l  locations.. - 

By using a bat tery  powered radio ,  a l l  temporary poweroutages, 

even f o r  those s t a t i ons  with continuous commercial power would 

' n o t  i n t e r e f e r e  with radio operation. 

This source of bat tery  charging power. would be by a standard 

Hi-Lo t r i c k l e  charger t ha t  is  adequate fo r  those locat ions  

with only in termit tent  commercial power service. 

For those locat ions  without commercial power of any type, 

so l a r  c e l l s  would normally be su i t ab l e  fo r  maintaining ba t te ry  

voltage o r  i f  f ue l  is no problem, a ro ta t ing  generator o r  a 

b i l n e t a l l i c  propane f i r ed  generator is suggested. 

- 
The t h i rd  a l t e rna t i ve  is the  uee of a s ta t ionary  bicycle  type 

foot pedal-to-generator uni t .  This however required a steady 

parade of l oca l  volunteers t o  r i d e  and pump the bicycle generator 

t o  maintain the required ba t te ry  voltage. 



4.5. The proposed repeater  un i t  design would be based en t i r e ly  

upon the cha rac t e r i s t i c s  of the  transmitted media. Its 

function is t o  pick up a di rected s igna l  on its receive un i t  

from the or iginat ing source, a c t i va t e  i ts  componenr trans- 

mit ter  and re lay-  the  information t o  the  intended d i s t an t  

point. The repeater  i s  an important and i n t e & a l  pa r t  of t h e  

transmission nedia,and fo r  the  l i n e  of s i t e  radio paths pro- 

v ides .  t h e  means by which the  s igna l  is made t o  overcome an 

intervening obstruction,  such a s  a mountain ridge. 

The value of a repeater  is  a major f ac to r  i n  computing the  

over-all cost  of the  radio s ignal  path s ince  it requires a 

combination of two terminal sendlreceive uni ts .  

4.5. The assignment of the  radio frequency or  frequencies f o r  a 

par t i cu la r  network i s  a :GOE requirement and the  cos t  fo r  

such frequency occupancy is r e l a t i ve ly  high. The pr ic ing 

s t ruc tu r e  i s  dependent upon hours of. usage, number of s t a t i ons  

and quanti ty of frequency assignments. Because of the l a rge  

number of multichannel two un i t  systems already i n  use f o r  - .. - 
private  industry o r  under appl icat ion,  the  t o t a l  quan t i t i es  

of the  requiredfrequencies required fo r  a complete network, . 

including t he  addi t ional  frequencies needed f o r  each repeater  



u n i t  must be known. Thus , i f  a 4 channel system is contemplated, 

(8 frequencies)  p lus  one reFeater  (8 frequencies)  a request  

f o r  16 frequencies ~~0uJ.d be necessary. However i f  a broad 

band frequency c a n  b e  provided t h a t  is of s u f f i c i e n t  band 

width to  accomodate a mult iplexing of 4 V.F. (voice frequency) channels 
- -  . 

o r  more, only -four bas ic  wide   and frequencies would b e  required. 

4.7. In order  t o  maintain a semblance of relephone transmission 

c h a r a c t e r i s t i c s  a s  w e l l  as t o  minimize t h e  i n t e r f e r e n c e  f a c t o r  

on radio  transmissions f o r  loca t ions  not  being c a l l e d ,  it is 

recommended t h a t a  s e l e c t ]  .e c a l l i n g  system be considered. 

This system provides a means of s e l e c t i n g  a des i red  s t a t i o n  
- 

o r  s t a t i o n s ,  energizing a buzzer and/or a b e l l  a t  the  c a l l e d  s t a t i o n  

with an alarm lamp t o  s i g n a l  an incoming transmission. When 
- 

answered, the se lec ted  cal led '  s t a t i o n  provides an automatic 

answer back to  t h e  c a l l i n g  s t a t i o n .  Individual  o r  groups 

of s t a t i o n s  can be wired t o  rece ive  t h e  incoming c a l l  s ignal .  

Several  hundred c a l l i n g  combinations a r e  avai lable .  

.. - 
4.8. In  order  t o  mininize the  degree of operator  t r a i n i n g  i n t h e -  

use  of t h e  proposed rad io  network, it is suggested t ??a t  duplex 

operat ion be considered a s  compared t o  simplex operat ion.  The 

duplex system uses a separa te  frequency f o r  EW(east-west) transmission 



(TO ta lk )  and a second frequency f o r  WE (wes='east) transmission ( t o  

l i s t e n ) .  The simplex system t a lk s  and l i s t e c s  on t he  same 

s ing le  frequency and requires  the o?erator a t  e i t h e r  end t o  

push a button on h i s  microphone whenever he w a n t s t o t a l k ,  

a s  well  as t o  s t a t e  "over" when h i s  conversation is ended, 

which n o t i f i e s  tk.2 far-etd operator tha t  torespond,he must 

push the  buttom on t he  microphone. 

La duplex operation, the removal of the handsee automatically 

energizes the  t ransmit ter  and two-way conversation can be mai; 

tained without fu r ther  e f f o r t  on the  par t  of e i the r  operator. 

iiowever in .  duplex operation, two frequencies a r e  required f o r  . ' 

each channel. 

4.9. With fu ture  expansion of the radio  network ir mind, i t  is re- 

commended t h a t  a l l  two way radios be multi-channel, preferably 

with 4 channels, even though some might -not . -  b; - equipped - .- wiFhathe - .- - --.- 

channel c rys ta l .  It i s  a l so  suggested tha t  the  un i t s  be so l i d  

s t a t e ,  and f u l l y  modular t o  u t i l i z e  or  not u t i l i z e  the  various 

-. - 
accessory packages t ha t  make the equipment more or  l e s s  sophis- , 

t i ca ted  by the  inse r t ion  or  removal o f  c&rcui t  cards. 

4.10.Under ce r ta in  coliditions wherein channelization of t he  basic 

ca r r i e r  frequency is possible,  multiplexing i s  recommended 
&. ' 
:...I' 

I$,.- 

&$ a!(, *; &*'." 
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fo r  the  addi t ional  V.F.(voice frequency) c i r c u i t s  required. The cost  

of the  m u  tsrminal equigment is nominally equivalent to  the charges 

f o r  the addi t ional  frequency a l locat ion costs.  

5. Power Requirements and Generation Equipment Analysis. 

5.1. No avai lable  cmmercial power. 

5.1.1. Solar Power Panels 

A recent study of Solarpanel  power generating un i r s  indicates  

several  in te res t ing  factors :  

A. Useful f u l l  rated productive,- l i f e  approximates. 10 years 

a f t e r  which i ts  ph . tovo l ta ic  eff ic iency decl ines  more 

rapidly than before. 

B. Efficiency fac tors  of t he  panel is ra ted f o r  f u l l  sunlight  

impingement. Thus ea r ly  morning, l a t e  afternoon, and cloud 

overcast hours w i l l  dera te  i t s  eff ic iency,  while during 

the night  t i m e  hours, no voltage is generated. 

C. The protect ive  covering of the panel .must be kept clean 

and f r e e  of dust  build-up to  develop i t s  unlight  hour- - -. - 
ra ted eff ic iency.  

D. Cost of the  panel i s  re la t ive ly  high, but  s ince  no f u e l  

is required, the  operating cost  during i t s  productive - 

- 

l i f e  is negligible.  Maintenance cost  i s  low consist ing . 



pr inc ipa l ly  of cleaning i;he p ro tec t ive  covering and an 

ocassional  check of t h e  panel output cabling.  

E. The panels a r e  nominally r a t e d  a t  13 Watts (13.2V x 1A). 

F. The Solar  panels are completely noise  f r e e ,  and can be 

mounted an-phere i n  t h e  open t o  de r ive  f u l l  b e n e f i t  of 

the  longes t  hours of d i r e c t  sunlight.  F:or higher 

charging capac i t i e s ,  the  panels (15" x 15") can be wired 

i n  p a r a l l e l .  The panel i s  used exclus ively  f o r  trickle 

charging. 

5.1.2. Fuel dr iven r o t a t i n g  generators.  These small genera tors  come 

i n  a wide v a r i e t y  of vol tages  and charging capaci t ies .  

A. The u s e f u l  r a t ed  l i f e  is an extreme va r i ab le ,  dependent 

upon t h e  maintenance fac to r .  However when cont inual ly  

used ( i .e . ,  5 hours/day), wi th  c lean  f u e l  aq:  spec i f i ed  

maintenance rout ines ,  t h e i r  expected l i f e  is about 16,000 

hours. 

B. The e f f i c i e n c y  f a c t o r  is normally constant  during i ts '  

productive l i f e  i f  the  generator  is of t h e  brushless  type. 

C. The packaged engine-generator sets are usua l ly  semi-pr_orect- 

ed from 6-mt,  b u t  a v e n t i l a t e d  covering is recommended f o r  

f u r t h e r  protactLon, both from t h e  dust, and 

personal  i n j u r y  from t h e  heated ( a i r  cooled) engine. 



D. Cosr of t h e  engine genera tor  i s  approximately 2/3 t h a t  of 

t h e  s o l a r  Panel  - bc: r e q u i r e s  a cons t an t  supply o f  f u e l  

( n o n a l l y  g a s o l i z e ) ;  maintenance c o s t  i s  minimal - re- 

q u i r i n g  weekly checks o f  t h e  f u e l  l e v c l ,  monthly c leaning ,  

f requent  crank-case o i l  changes u n l e s s  t h e  engine i s  o f  

t h e  two cyc le  type,  which i n  t h a t  case ,  cau t ion  must b e  

taken  t o  a s s u r e  t h e  proper  gaso l ine -o i l  mixture f o r  com- 

bus t i o n .  

E. The engine  genera tor  equipment is nouiinally r a t e d  from 

15 w a t t s  t o  50 w a t t s ,  and has  t h e  capac i ty  t o  charge  

beyond t h e  t r i c k l e  charge rate when s o  des i r ed .  They' 

are n o t  respons ive  t o  s u n l i g h t  and can be  setllby timer 

t o  charge a t  any hour. 

F. - The engine-generator produces t h e  usua l  i n t e r n a l  
- 

combustion engine no i se .  This  n o i s e  can be g r e a t l y  re- 

ducred by use  of t h e  metallic dusz cover aca 3y use  of 

a "hospi ta l"  type  muff le r .  

5.1.3.Propane f i r e d  b i -meta l l ic  genera tors .  These are extended,.  

o r  ampl i f ied  v e r s i o n s  of t h e  So la r  pane l ,  except  t h e i r  s0urc.e 
- -. - 

of energy is der ived  from a propane fue led  flame (heat)  r a t h e r  

than  t h e  sun ( l i g h t ) .  - 
A. Because of t h e  h igh  temperature r equ i r ed  to  produce vol-  

tane. t h e  u s e f u l  l i f e  o f  t h e  i n t e r n a l  b i -meta l l ic  e lements  



is s l i g h t l y  less than t h e  u s e f u l  l i f e  qf t he  Solar  Panel, 

and the  vol tage  produced is  d i r e c t l y  p d p o r t i o n a l  to the  

temperature of t h e  super-heated series of elements. 

B. The e f f i c i e n c y  f a c t o r ,  which decl ines  at  a r a t h e r  constant  

r a t e  during i t s  use fu l  l i f e  can be maintained more o r  l e s s  

constant  by an inc rease  of flame height  (temperature).  

This however a l s o  increases  the  f u e l  cos t .  

C. The bi-metal l ic  u n i t  must have a constant  supply of com- 

bus t i o n  oxygeil, and bccause of the  heat . d i s p e r s a l  system . 

must a l s o  be we l l  v e n t i l a t e d .  In  add i t ion  t h e  f a c t o r  of 

f i r e  hazard must a l s a  be considered. Dust i s  no problem 

s i n c e  the  i n t e r n a l  heat  generated usual ly  burnsoff  the  d 

deposited d u s t  p a r t i c l e s .  

D. Cost of the  bi-metal l ic  generator  u n i t  approximates t h a t  

of the  i n t e r n a l  combustion r o t a t i n g  generat,?r,  but  a l s o  

requ i res  a constant  source of f u e l  (normally propane o r  

butane). Maintenance c o s t  i s  low, normally s check t o  

s e e  t h a t  t h e  burner is c lean and t h a t  a l l  burner p a r t s  

produce a s i m i l a r  he igh t  flame. 

There a r e  no moving p a r t s  to t h i s  type of generator .  - -. - 
E. The bi-metal l ic 'propane f i r e d  generator  is r a t e d  s i m i l a r  

t o  t h e  s o l a r  panel  - and a r e  used exclus ively  f o r  t r i c k l e  

charging - but produce a constant  lower charge rate be- 

cause of t h e i r  cont inual  24 hour opera t iona l  cycle. 



F. The propane f i r e d  gene ra to r  u n i t  i s  csmpletely n o i s e  f r e e ,  

bu t  i ts  l o c a t i o n  a u s t  b e  c a r e f u l l y  considered t o  minimize 

f i r e  hazard,  personnel  i n j u r y  r i s k ,  and i f  l oca t ed  indoorsl 

oxygez dep le t ion  ( v e n t i l a t i o n )  . 

5.1.4. Bicycle  power u n i t s  

A. These f o o t  powered u n i t s  a r e  u s e f u l  when ever  a c o n s t a n t  

sou rce  of humanpower i s  a v a i l a b l e .  They c o n s i s t  of a 

s t a t i o n & r y  b y c i c l e  u n i t  wi thout  wheels,  and wi th  t h e  peda l  

and d r i v e  cha in ,  connected t o  a s tandard  genera tor .  I n  

most i n s t ances  t h e  u n i t  is b u i l t  up by s p e c i f i c a t i o n .  

A. The u s e f u l  l i f e  of t h e  f o o t  powered genera tor  i s  i n  excess  

of t h e  10 year  l i f e  of t h e  So la r  Panel ,  but because of - 
t h e i r  s i z e  and shape can b e  p h y s i c a l l y  damaged. The v o l t a g e  - 

produced is d i r e c t l y  p r o p o r t i o n a l  t o  t h e  f o o t  power of 

t h e  r i d e r ,  but  is nominally r a t e d  similar t o  t h e  i n t e r n a l  

combustion engine-generator s e t .  

B. The e f f i c i e n c y  f a c t o r  is ' :  cons tan t  a t  a c o n t i n u a l  RPM, 

bu t :  because of t h e  human element requi red  t o  develop t h e  

vo l t age ,  t h e  cons tan t  becomes a v a r i a b l e  element. To-re- . - 

zulate t h e  v a r i a b l e  element,  t h e  genera tor  ou tpu t  is 

metered a t  t h e  handlebars  i n  o rde r  f o r  t h e  r i d e r  t o  main- 

tain a more o r  less cons tan t  genera tor  R.P .M. 



C. These b icyc le  u n i t s  a r e  ususa l ly  mounted indoors f o r  

weather p ro tec t ion ,  and should be s o l i d l y  f ixed t o  t h e  

f l o o r  f o r  adequate s t a b i l i t y .  When not  i n  use, the u n i t  

should be covered. 

D. The cos t  of the  b icycle  generator  is l e s s  than any o the r  

type of genera tor ,  but i t s  main drawback is t h e  source of 

ex te rna l  d r iv ing  power "who w i l l  come to  the  Health Post  

on a d a i l y  b a s i s  t o  r i d e  the  uni t?" .  

E. The generator  at tached t o  the  b icyc le  is nominally r a t ed  

a t  25 Va t t s  and has the  capaci ty  t o  charge beyond t h e  - 
t r i c k l e  charge r a t e .  Maximum genera tor  output while 

pedaling a t  an equivalent  15 kmlhr is normal. 

F. The b icyc le  generator  i s  completely no i se  f r e e  except 

f o r  t h e  complaints of t h e  pedaler .  

5.2. Power generat ion equipment analyses where conrmercial power 

is avai lable .  

Because of the  proposed b a t t e r y  operated radio equipment . 

fo r  enhancing r e l i a b l e  comunicat ion  se rv ice ,  a means must 
. -. - 

be u t i l i z e d  t o  r e c t i f y  the  standard Publ ic  u t i i i t y  110j120' 

Volts A.C. t o  the  appropr ia te  D.C. vo l t age  f o r  b a t t e r y  

charging. 

5.2.1. Battery charge- Hi-Lo r e c t i f i e r .  



A. These r e c t i f i e r s  a c t  a s  a  combined t r i c k l e  charger as 

well  as  a  high l e v e l  charger when required by the  con- 

d i t i o n  of the bat tery .  Their use fu l  ra ted  productive: 
4 

l i f e  i s  i n  excess of 20 years. Because they a r e  solid- 

s t a t e  elements, t h e i r  efficiency factor  is normally 

constant during t h e i r  e n t i r e  l i f e  expectancy. 

B. Their efficiency depends only upon the input voltage of 

the  incoming power l ine .  

C .  Normally the  un i t s  a r e  completely s e l f  contained except 

f o r  ven t i l a t ion  openings. Dusting the outside cage, a d  

keeping i t  dry a r e  the only requirements. 

D. Cost of the hi-lo charger is normally about 116th the 

cost  of a  so la r  panel. The operating cost  i s  d i r e c t l y  

proportional to  the  charging current required f o r  main- 

taining the ba t te ry  . a t  its proper l eve l .  The eff ic iency 

fac tor  of the r e c t i f i e r  is normally about 60%. 

E. The usual r a t i ng  of a  small r e c t i f i e r  is fxom 15 Watts t o  

50 Watts ( the  l a t t e r  r a t i ng  on shor t  term demand). 

F. There is no appreciable noise from the  so l i d  s t a t e  ba t te ry  

charger when mounted properly. - -. - 

6. Ynstallation Cr i t e r i a  

6.1. In the proposed a rea  of es tabl ishingradio  communication, and 

typ ica l  o f  rural area  displacement, the  various towns a r e  



located a t  the lowest point  of a canyon i n  order t o  be r e l a t i ve ly  

c lose  to  t h e i r  water supply. This i n  i t s e l f  creates  a d i f f i c u l t  

transinisoion problem unless an inordinate ly  l a rge  number of re- 

peaters a r e  used, or higher power t ransmit ters ,  more s ens i t i ve  

receivers (which, when used develop abackground noise problem 

by reason of i ts excessive sens i t iveness ) ,  o r  by very low c a r r i e r  

frequency t ransmit ters  or by a semi tropo-scatter system which 

can r e s t r i c t  operating hours t o  ea r ly  morning o r  ea r ly  evening 

or  by a combination of a l l .  

6.1.2.The very f a c t  of using severa l  frequency bands then c rea tes  

a maintenance problem as  well  as  a stocking problem by reason 

of the  d ivers i ty  of equipment. 

6 . 1 . 3 .  Standard 4  channel f ixed frequency TWR s e t  should be specified.  . 

6 . 1 . 4 .  Solid-state modular construction of each un i t  is required 

to  enable the system to  become a s  diverse  i n  q e r a t i o a  as  ex- 

perience d ic ta tes .  

6.1.5. Plug-in function cards are t o  be specif ied fo r  each T.W.R. 

depending upon the desired sophis t ica t ion level of the un i t .  
-. - - 

6.1.6. To insure  adequate areacovetage the  control  s t a t i o n  should 

have a t  l e a s t  50 Watts of radiated pov;.-, and a l l  other  locat ions  

should have 25 Katts of power. 



6.1.7. Patch panels  should be requi red  a t  any. locat ion  t h a t  say  

be required t o  interconnect  o ther  h e a l t h  locat ions .  This  c ~ - - J i  

even include a Health Post ,  i f  f o r  any reason, t h e  C o n r r ~ l  

Health Center is not  a b l e  t o  communicate with another d e a l t h  

Post by reason of an in tervening r idge .  Thus the  o r i g i n a l  Health 

Post would become a manual type repea te r  f o r  the  second Health 

Post.  

6.1.8. Phone patch panels should become an  i n t e g r a l  p a r t  of the  

equipment wherever Public  Service telephones are a v a i l a b l e  and 

a r e  of adequate q u a l i t y  t o  j u s t i f y  t h e i r  use. - - 
6.1.9. Se lec t ive  c a l l i n g .  This device is another  r e q u i s i t e  t h a t  

ma te r i a l ly  improves z t 2  e f fec t iveness  of a  multi-unit radio  

network (See 4 .7 . ) .  

6.2.0. If the  r a d i o  network is  ever extended t o  include emergency - 
se rv ice  i t  may be b e n e f i c i a l  t o  eventual ly  inc lude  a Cantro l  

S t a t i o n  t ape  recorder .  

6.2. Antenna I n s t a l l a t i o n .  

6.2.1. The radio  antenna is as  important t o  good transmission as 

t he  radio  i t s e l f .  There are a g r e a t  many types and s t y l e s  of  

r a d i a t o r s  and i n  t h e  f i n a l  i n s t a l l a t i o n  severa l  types w i l l  - -. - 

ul t imate ly  be spec i f i ed .  These types includes end-fed, shunt-fed, 

mono-vertical, , dipole  v e r t i c a l ,  folded d ipole ,  r e f l e c t i v e ,  

d i r e c t i v e ,  Bi-directive. 



6 . 2 . 2 .  Each i n s t a l l a t i o n  must be  i n d i v i d u a l l y  engineered f o r  t h e  

antenna b e s t  s u i t e d  f o r  i t s  l o c a t i o n ,  ang le  of t ransmiss ion  

and purpose  Height  sometimes becomes a c r i t i c a l  f a c t o r ,  and 

a l l  should be  c l e a r  of  any overhead o r  nearby obs t ruc t ion ,  

w i t h  a s p e c i f i e d  coax l ead  i n  t o  minimize t ransmiss ion  l o s s  

ahead of che a c t u a l  r a d i a t o r  i t s e l f .  

6.3. Power Equipment 

6 . 3 . 1 .  General. It is  proposed t h a t  a l l  u n i t s  be  considered f o r  

b a t t e r y  operat ion.  With proper  b a t t e r y  charging equipment, 

t h i s  type of power provides  t h e  most r e l i a b l e  sou rce  of r a d i o  

power ava i l ab l e .  ( see  chap te r  5) .  

6.3.2. Because t h e  power source of a  r a d i o  t r a n s m i t t e r  is quickly  

f o r g o t t e n  once i t  is i n  p l ace ,  e x t r a  e f f o r t s  should be made i n  

i t s  placement and wir ing  f o r  adequacy, ease of  mainrenance and 

i n  a d u s t  f r e e  environment. Metering i f  provided should be  

e a s i l y  v i s i b l e .  Bat te ry  v o l t  meters- should b e  i n s t a l l e d ,  

and i n  t h e  case  of t r i c k l e  chargers ,  t h e  ba t t e ry  charge rate  

is a r e q u i s i t e .  

-. - 7. A l t e r n a t i v e  P lans  f o r  t h e  P i l o t  h'etwork. - 

7.1. A l t e rna t ive  I: Quiniag-Penipe Area: This  r eg ion  consists 

of t h e  ~ r o v i n c i d -  -- Health Headquarters - - and Hosp i t a l  i n  Riobmba,  -. - -- .----. -.I_'_ 
- -  . 

t h e  subcenter- f a c i l i t y  and IRD' 13eadquax%ers- .. . at-~uiPhiif(the-' - . . - - - - - - - 

latter t o  s e r v e  a s  t h e  Radio Control) ;  



a Sub-center a t  Penipe and at  Matus, and 1 2  Health Pos ts  

throughout the  area .  

7.1.1. The network arrangement c o n s i t s  of u t i l i z i n g  Quimiag 

a s  t h e  con t ro l  center  with a connecting rad io  l i n k  t o  

Riobamba, with a secondary s t a t i a n  at  its respec t ive  

h o s p i t a l ,  and each with a 214 wire  telephone patch 

panel as  w e l l  a s  a standard 4 c i r c u i t  manual link-to-link 

patching arrangement f o r  channel interconnection.  

7.1.2. The two Health Subcenters and t h e  12 Health Pos ts  would 

be 2rovided w.ith s tandard 4 channel modular, 25 w a t t  u n i t s  

equipped a s  required,  

7.1.3. Twenty four  hour opera t ion  would be assumed between 

the Hospital ,  and Sub-Centers. Twelve hour opera t ion  i s  

assumed t o  be the  i n i t i a l  maximum hour requirement f o r  

a l l  Health Post. 

7.1.4. U t i l i z i n g  t h e  s e l s c t i v e  c a l l i n g  arrangement, ( see  4.7) 

e i t h e r  channel (1) o r  channel (2) could be used f o r  "confe- 

rence" c a l l i n g  between Hospital ,  Sub-Centers, and with the  

4 c i r c u i t  Patch Panel at t h e  Control Center,  and using 

Channel 3, a l l  Health Pos t s ,  could be included i n  t h e  - 

conference. 

7.1.5. Because of t h e  l imi ted  s e r v i c e  of fered  by t h e  telephone 

Co., a l l  Health s t a t i o n s  would be provided with radios.  (17 

S ta t ions ) .  



7.1.6. Average r a d i o  usage a t  t h e  va r ious  l o c a t i o n s  is estima- 

t e d  as fol lows:  

24 Hour S t a t i o n  12 Hour S t a t i o n  

Function Operate Hour VA Operate  Hour VA 

T o t a l  30.4 T o t a l  11.2 

per S ta .  pe r  S ta .  

RCVE: 6A; XlfIT: 8A P e r  S t a t i o n  

7.2. A l t e r n a t e  2: J i p i j a p a  Area: Th i s  r e g i o n a l  a r e a  c o n s i s t s  

of t he  P o r t o v i e j o  P r o v i n c i a l  Hea l th  Headquarters ,  t h e  

Heal th  Center /Hospi ta l  at  J i p i j a p a  e i g h t  Hea l th  Centers  

throughout t h e  a r e a  and 5 Heal th  P o s t s  a t  va r ious  l o c a t i o n s .  

The still t o  b e  determined IRD Headquarters where Heal th  . a r e a T  

Chief t o  be  l o c a t e d ,  would be  t h e  Radio Cont ro l  po in t .  

7.2.1. The network arrangement c o n s i s t s  of u t i l i z i n g  J i p i j a p a  

as t h e  Cont ro l  Center w i t h  a secondary s t a t i n n  a t  i t s  

h o s p i t a l ,  and each wi th  a  2/4 w i r e  te lephone pa tch  pane l  

as w e l l  a s  a s t anda rd  4 c i r c u i t  manual l i n k - t o - l i n y p a t c h i c g  

arrangement f o r  channel  in te rconnec t ion .  
-. - 

7.2.2. The e i g h t  Heal th  Sub-centers and t h e  5 Heal th  P o s t s  w o d d  

b e  provided wi th  s tandard  4 channel  modular 25 Watt u n i t s  - 
as required.  



7.2.3. Twenty four hour opera t ion  would be assumed a t  the  con t ro l  

Center and its connecting hosp i t a l .  Twelve hour opera t ion  is 

assumed t o  b e  the  i n i t i a l  maximum hour requirement f o r  a l l  

o ther  Health Subcenters and Health Posts .  

7.2.4 U t i l i z i n g  the  s e l e c t i v e  c a l l i n g  arrangement f3ee  4.7.) I 

, e i t h e r  charnel  (1) or  channel (2) could be used f o r  "conference" 

c a l l i n g  between Health Centers, Subcentereand with t h e  4 circlrkt 

, patch panel  ax t h e  con t ro l  Center and using channel 3, a l l  

Health Pos ts  could be included. 

7.2.5. Because of t h e  Limited s e r v i c e  o f fe red  by t h e  Telephone 

Co., a l l  Health Srationswouid b e  provided wi th  r ad ios  (1k 

s t a t i o n s ) .  

7.2.6. Average r a d i o  usage a t  t h e  various loca t ions  a r e  estima- 

ted  as follows. (RCV : 6A; XMIT :8A) 

24 Hour ~ t a i i o n  12 Hour S ta t ion  

Function Operate Hour VA Operate Hour VA . 

XMIT 

Rcv 

Tota l  30.4 To ta l  11.2 - .. - 

per ~ t a .  per Sta. 



8. Equipment Requirements and Costs 

A l t e r n a t e  1 - (Quimiag) Summary f o r  Typica l  UHF Duplex System 

I tern* - Cost i n  U.S. $ 

iliobamba Hosp i t a l  
Quimiag Control  Center  
Riobmba Heal th Center  
Heal th  Sub-Centers: 

Quimiag 
Penipe 
Matus 

12 Heal th Posts @ $4470 
System Repeater 

Sub to t a l  Equipment 

Spares  @ 15% of equipment $ 13,060. 
A i r  Shipment (Estimated @ 5000 lbs.) $ 7,825. 

To t a l  Mate r i a l  35??EEr 
I n s t a l l a t i o n  Labor (Estimated l o c a l  labor 
@ 9 man-days/site x 19 + 20 man-days/travel 
= 191  man-days) @ $250/day $ 47,750. 

Tes t  Equipment Rental  and t o o l s  4,000. 

System Engineering (map s t u d i e s ,  pa th  p r o f i l e s ,  
block diagrams, d e t a i l e d  sys.eem s p e c i f i c a t i o n )  
60 man-days 9 $300/day 18,000. 

Equipment Engineering ( d e t a i l e d  equipment 
s p e c i f i c a t i o n  and procurement monitoring) 30 

Supervis ion (in-country ) 80 man-days 24,000. 

Per diem @ $80/day 6,400. 

Trave l  and Misc. 1,500. 
7 

GRI1YD TOTAL $218,600. 

*See a t t ached  equipment breakdown by s i te .  

4 . . 
I ' 



Alternate 2 - ( J ip i japa)  Suwa~q~  for Typical UEIF Duplex System 

Item* - 
J ip i j apa  Hospital 
J ip i j apa  Control Center 
Health Sub-centers 8 @ 4470 
5 Health Posts @ $4470 

Cost i n  U.S .  $ 

System Repeaters 3 @ $9815 29 445 
Subtotal Equipment .- 

Spares @ 15% of equipment $ 14,502 
A i r  Shipment (Estimated @ 5000 Ibs.) $ 7,825 - 

Totar &i€&tf a1 $119,007 

I n s t a l l a t i o n  Labor (Estimated loca l  labor  
@ 9 man-days/site x 18 + 20 man-days/travel 
= 182 man-days) @ $250/day $ 45,500 

4,000 T e s t  Equipment Rental and too ls  

System Engineering (map s tudies ,  path ? r o f i l e s ,  
block diagrams, de ta i led  system specl .f icat ion) 
60 man-days @ $300/day 18,000 

Equipment Engineering (de ta i led  equipment 
spec i f ica t ion  and procurement monitoring) 
30 man-days @ $300/day 

Supervision (in-country) 80 man-days 

Per diem @ $80/day 

Travel and Misc. 

.* ' 
G W  TOTAL 

r ,  
;-* - 
%,. 'i *See attached equipment breakdown by site. 
3 -  - - 
-v. 



MORaM S Y m M S  INC. Equipment  Examples Used for Cos t  E s t i m a t e s  
PROJECT LUYC 

A. LANE 3-29-82 I rrst  mo.oc, ,  165 

1 -  
coots I eM U t C F  U M t  - NO. - urn UOOCL NO. w s t  COST JOUllCC OtStRICt ION COll COSTIMQ W I T .  

XZi 

5 

7 

- 
I 

(PfEELSS-XlX$ DWlEXER - 6 MH!Z SEPARATION 

SlTC MO. . ' P L A ~ N E D  MATERIAL LIST I - BFAtTa 

ISSUL NO. 

' P E T . E P I X N E m  
HANDSET 

I 
I 

WIRE & MISC.. I-iAmmm 

Ii?mxm! 

1 
C ( U l ~ R W  I* & DATE: *rCIIOVLO I V  & 01'Z: I AIIALYSJS coot I w o a r  NO. I 

CART UO. 

- PAmEI 

s E z E c m E C A I l t m  

COkJT.WZ m, REMOTE 
P 

MISCELLANEOUS HARDWARE 

170 CAT! I 
1 m 35 CAT I 

? ~ O ? O S A ~ ' C R ~ L C T  NO. 

lux '  
LEA 

GE DC 55 JFD 78A OR EQUIVALENT 

1 1 I I I I 

, .-I TMROuCI( W A I C W U I L  - **eDSf S O U R U  CODEIt NO - crt* OWTL IOATErI 00 - OLD QUOTE (DATE:; 
=T- UTWO IIDCMTI~YI t s t  m t t u * t c  IINITIALI PO - ~ l b  BWCWSE (DATE IIUMIC~I PAGE TOTAL I* i 

70 I 
80 

1EA 

1 E A  

1 A  

lun! 

1 EA 1 2200 1 
I 

- - 

200 

225 

250 

5 0 
I 

Nn 3/82 1 - 
i 

1 

I 

EST I 
1 - 



MORCOM SYSTEMS INC. Equipment ~xami%s Used for Cost Estimates - 
CROJCCT U Y L  ISSUE 10. CART 10. S l f L N O .  . 

PW-NED MATERIAL LIST / - 1 aJIMI= 
~ ? U C D  I* &  OAT^: * H I O V L O  8 V  h D A l t :  ANALYSIS COOL W 0 1 S  NO. CIIOCOSALiCROJL CT NC. 

I 
A. LAM: 3-29-82 r r o r  ~ o . o r ,  165 I 

C 0 6 L S  & mu micr U U L  - NO. u n  -. MOOLL NO. I SUUTITy UNIT  COST 5011 COST SOUREL 
DCSCEl?TlON Con COSTlM6 ul(11- coot*- I 

I I 1 I I 

c2Wmm.w C i X a A L  CABLE 1/2" FOAM 100 r T  120 CAT ! 

tax. aNNmmRS, EDAM 1m 35 CAT I 

- - - - --- 

- -1-- - 
] SIZLNDBY, 22W PWR, 4 F R E Q . ,  

-- - - 

2300 

525 *W 

n 

GE ( ~ E U ~ ~ C W -  

mxEl / ~ P ~  
I1 l 4 c X R c m T P r n  

~ 

I 
Np 3/82 1 
CAT i 

- 

I 

(;E - 

GE DC65EED7874 OR EQUIVALENT 

IXXlEER - 6 MK!Z SEPARATION 

MuL!rIDxRECr.Ia 

1 EA 

1 E A  
1 E A  

I I I I 
* I ~ M S  rmoucn w r r r k o u r t  - *-COST souncr coorr: ~c - ~ c w  OWTC ~ O A T L : ~  00 - o k o  OUOTL I O A ~ Z : ~  

CAT- a t r ~ e a  (IOLWTII.~) LIT - UTIMATL (I*ITI~L) PO - OLD ~ u a c w s ~  IDATI e WM~LIII PAGE TOTAL 
7 

1 -4 

13A  

I3lWSET 

WIRE&MISC.HAlmmE 

225 

200 
200 

5 
s 

- 

CAT f 

EST 
EST 

1 E A  

1WI' 

! 

+ 
i 

t 1 

80 

300 

I 
CAT 

E S T *  ! - 
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MORMM SYSTEMS INC. zquipnent  =amples Used f o r  c o s t  E s t i n a t e s  -. 

CROJCCT MAUL I I S l i l C  *a. I C4RT NO. 

PLANNED MATERIAL LIST I 
, , 

S I T C  NC. 

JIPI JAPA 
?llC?ARCD #Y & OAIL :  

A. LANE 3-29-82 

CODES L a* 

GE 

P-D 

i ) MAST IN 10 FT SECTIONS 11 EA 1 250 ! CRT 

n 

ROHN 

1 REACH / TELEPHONE PATCH 11 EA 200 1 EST 

U V R O V E D  BY & DATC: 

I(IICF w * M t  - NO. M fR  - UODCL NO. 
DCSCl l l?T lOl l  FOR COSTING 

DUPLEX BASE STATION RADIO 

35W, 4CIIAhtr UHF E/W 

LOCAL CONTROL, CABINET 

COAX. CONNECTORS, FOAM 

30 FT SELF SUPPORTING 

I 
CAT 1 
CAT I 

LOC PUR I BATTERY w/CASE 
GE ( HANDSET 

?RO?OlA~ '?ROJLCT NO. . 
165 

ANALYSIS COOL 

235 

120 

QUAYTITY a 
UNIT. 

I " 1 SINGLE lOdB YAGI ANTENNA 
I CABLEWAVE( COAXIAL CABLE 1/2 I* FOAM 

1 LOT 

- (WIRE &I MISC. HARDWARE 11 LOT 

CD S T  aNl, c o r T  

1 EA 

100 FT 

1 EA 
1 EA 

I SUBTOTAL - HOSPITAL 

WORK NO. 

COST SOURCC 
COOLwo 1 

I 
I 
I - 

I 

I 

I 

I 

2200 

METERING, BATTERY I 
STANDBY, 220V PWRr 1 FREQ-I 

, 

35 

200 

4150 

! I I I 

* I T f M I  I W O U I H  WARLI IOUIL  - **COST I O U R C t  CODES: NO NEW OUOTL IDATC:) 0 0  * OLD OUOTE IOATt : !  
CAT* CATALOO ( I O L l l T l f V l  EST  - ESTIMATE ( I Y l T l A L I  PO - OLD CURCWASI IDA= & WUWILR) PAGE mTAL 

' 

PACE h o . o r ,  

I - 
- 

I 

3 - 
NQ 3/82 1 GE DC55EFD78A OR EQUIVALENT 

CAT 1 

80 

80 

l EST 
I I 

CAT 

1 EA 

EST 
CAT 

I 

I 

3 

525 DUPLEXER - 6 MHZ SEPARATION 

TOTAL , 5  

1 EA 

. I L  . 
\ 
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- 

s- - 
- 

STANDBY, 220V PWR, 4 FREQ. 

GE DC65EFD78A OR EQUIVALENT 

- - -- 

COCES 6 l!M 

GE 

SITC NO. 

JIPI JAPA 
CROPOSAL/PRWLCT NO. ' 

165 I 
PRWLCT W M C  ISSUE NO. 

- -- 

. R l L l  NAME - NO. urn - UODLL NO. 
DCSCRICTIOM COll COSTIMC 

DUPLEX BASE STATION RADIO 

SOW, 4 C W ,  UHF E/W 

LOCAL CONTROL, CABINET, 

METERING. BATTERY 

OUANTtTY b 1 UNIT 50.1 COST COST SOURCE 
UNIT- c o 0 c 9 -  

I 

PART MO. 

P-D 
II 

CABLEWAVE 

DUPLEXER - 6 MEfZ SEPARATION 
MULTIDIRECTIONAL 

ANTENNA ARRAY w/PWR SPLITTER 

COAXIAL CABLE 1/2" FOAM 

PLANNED MATERIAL LIST I ECUADOR - -TH I 

1 EA 

1 EA 

1 EA 

100 FT 

1 LOT n I COAX- CONNECTORS, FOAM 

CRCPARLD 8Y 6 DATE: 

A. LANE 3-29-82 

- - - -  --- - . - -  

2300 NQ 3/82 

525 CAT 

485 CAT 

120 CAT 

35 CAT 

ROHN 

GE 

REACH 
I1 1 4 CIRCUIT PW.CH . 11 EA , - 

- 1 WIRE &MISC. HARDWARE IlLOT 1 300 1 I EST- I 

U P R O V L O  8V 6 DATL: 

- 

425 

225 

200 

LOC PUR 

GE 

1 SUBTOTAL - CONTROL CENTER I I 14975 ( 1 

-- 

CAT 

CAT 

EST 

- -- - -  

50 FT SELF SUPPORTING 

MAST IN 10 FT SECTIONS 

SELECTIVE CALL DECODER 

TELEPHONE PATCH 

200 

ANALYSIS CODE WORK NO. I 

- --- 

1 EA 

1 EA 

1 EA 
1 EST - 

BATTERY w/CASE 

HANDSET 

PACE mo.or,, 

' I T t M S  TMROUo( WAIICWUSL . **COST SOUllC; CODES: NO MEW OUOTC IDATC:) 00 - OLD OUOTC LOATE:) 

I 
CAT- C A t A L O I  (IDC~ITI~YI LIT. UTIMATZ (IMITIAL) PO . OLD C U ~ C M ~ S C  ( o m  & ruurrn, PAGE TOTAL 

EST 1 
CAT I 

1 EA 

1 EA 

I I 

80 

80 

5 t 

I' 
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L CROJLCT NAUC ISSUC YO. ? A n t  NO. S I T C  NO. 

PLANNED MATERIAL LIST I EQIA03R BFAUM 1 i 
?*L?ARCD ET 4 OATL: APPROVED BT 4 OAT&: ANALYSIS  COOL WOnK YO. CI IOPOSAb CRQILCT b=. 

A. IANE 3-29-82 r rs r  NO.O~,, 165 i 
U I C F  N A Y C  - YO. - M C I  - YOOCL 110. 

OVANTITY ' UY‘T COST cast COST sOUR:L 
U O C I  L UI OCSUIPTIOM 101 COITIWC UNIT. COOL. 

02 DUPLEX BASE m. m o  55W, 

-, UHF, E/W Imm CUNTmL 

I'm, 1FEZMI, CABINET, I 

p E R m ,  w/o 22m PYW. 
p Tr(;SEFD 78A OR 1. EA 1620 NQ3/82 

1EA 525 CAT 
11 1EA 235 CAT 

I 
-VE -- am3 +" EDAM 
n h. amlEcmE,FQAM 

100 w 
1 m  

IiDHN 

I 
30 FT. SEE? SUPPOKFIN'G MAST 

pN 10 W. SECl!ICe3S 

~ E L E ~ E C W ~  
CF'UR m, W/- 

L?LPEX ~ S O I A R ,  BIWPERK 

- pRE&msc.- 

120 

35 

CAT 

.w 

1EA 

1EA 

1EA 

1 EA 

1EA 

1 m  

250 

I 
s T J m m A L ~ ~ C N  

CAT 

I 

*lWI T M O U I M  W A R C W U I E  - *-COST IOURCf CODC1: Y O  0 MCW OUOTL IOATt:) 00 - 

- 

I 

I 

F 

5 

3LD O W T c  l O I T z ' *  

4470 

- . 

225 CXI' 

1 
CAT. UTALOQ IIDLRTI~VI LST . CSTIWATC I~NITIALI m - QLD w a c n a c  (DATE & w u v a t n t  PAGE TOTAL 

80 

1200 

, S 

EST 

EST 

, : I  
8 0 CAT 

I 
100 

I 

EST 
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I PROdLCT MAUL I S I U L  80. CART NO. 

PLANNED MATERIAL LIST ( Eanra)R 

. "!II.CD 8 1  OATL: ) A??ROVE1 I T  h DATL: 

- .- 

SITE NO. . I ~ W S T ,  
P R O l O S U C R Q I L C T  RO. 1 

GE 

I'mn IN 10 FT SPCmm 

m, W, 80W PEAK 

HANDSET - W I R E & M I S C . ~  

A. IANE 3-39-82 1 I rrrr  * o . o r , ,  

l2UPm.X BASE S?!I!LCeJ 

RADIO 3mr 4 c m N r  UHF E'/W 

- 

165 
8 R l C r  NAUC - NO. - UCI - UOOCL NO. W & N T l T Y  & 

I 
CDDCS & Pc U N I T  COST COST 

COST SOUI lC f  I 
O t s C R l ? T l o ~  CCR CCSTINQ WIT. C C D C g ~  1 

1 

P-3 

n 

I 

3/82 1 
C4T I 
CAT I 
CZLT I 
Q4T ; 

I 

I l X A L ~ U M T ,  

m r  -, 1 FREQ., 

w/o 220V E'WR 

GE DCSSE??D70A OR 

DIE- 6MtIZ - SEPARATION 

I 1 1 

1 EA 

1 EA 

I SINGLE 10dmAGI AlmmNA 

I 
1620 1 1620 

cAEu3aVE 
n 

mHN 

525 

1 FA I 375 

CDAXIPJ;amEl/2"FQAM 

a3X-m 

3 0 E T S E I ; F S t P E Q . l ~  

525 

235 

120 

35 

1 x 100 120 

1 rn 35 
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CROJLCI MAUL ISSUE re. 

P L ~ ~ N E D  MATERIAL LIST 1 -- 1 
P R L I I R C D  ?I & O A l t :  

A. IANE 3/29/81 

~ A R R W w ~ S P L I T l T E R  1 2 ~ ~  1 485 

AT, E I/?" MlAM 2 x l o r n  120 
2 ~ m  35 70 CAT 

GE M3 65EE'D 78A OR EQUIVALENT 

U C U O V t O  II & DATE: 

2 EA 1 2100 

SoLUEx 
- 

4 s A L Y  1 1 s  COOL 

COOIS  (I lu 

GE 

(NOTE: 2RADIOSASABOVE-FUNCrIm 1 
AslEmxrEEt)  - I I 

W O I K  M. C I O I O U L J ' C I ~ C T  NO. 

rrcr IDO.,,OC,, 165 

50 W, 1 CLPlrN., -,Em 1 1 

I mItr U M C  - WO. U C I  - U J J C L  NO. 
0 C S E l l l C t l O ~  ?OR CDSTlMC 

DUPLEX EASE SIXKtX RADIO 

&. l * t lTY  & Umll 
=ST 

COST SOURCC 

I 
I 

4200 

S O U R - r  ,80W PEAK 

WIRE&MISC.HARDGS1KE 

U*lT. 

Np 3/82 I 

COOC* 

2 EA 1 1200 

IUlil  I 300 

I 
I 

2400 

300 

EST -I 
EST . 



9. Equipment Consid6rations 

9.1. Because of budget cons iacra t ions  t h e  two Al ternat ive  plans 

a r e  suggested f o r  Administrative considerat ion.  Their res- 

pect ive  c o s t s  are r e l a t i v e l y  i d e n t i c a l ,  and t h e  s e r v i c e  

they w i l l  provide w i l l  be of equal  b e n e f i t  t o  t h e i r  indiv i -  

dual  and respec t ive  areas.  . 

The J i p i j a p a  a rea  is a l i t t l e  more iso1,ted with many fewer 

publ ic  telephones. However, the  publ ic  telephones i n  

Quimiag and I?iobamba leave much t o  be desired.  

9.2. The proposed f u t u r e  emergency s e r v i c e  is designed .primari ly 
I '  . 

f o r  mobile communication and only t h e  channel f a c i l i t y  of t h e  

t r ansmi t t e r  and the  rece iver  has been provided, t h i s  same 

se rv ice  can be provided fo r  Promotores with hand held i . . t -  

a b l e  2 Watt Units, each cos t ing  approximately $550 f o r  the  

mobile u n i t ,  and $250 f o r  the  hand held uni t .  

9.3. Without an extensive ar ray  of r epea te r s  ( i n  add i t ion  t o  those  

proposed) i t  would no t  be poss ib le  t o  provide equipment .to 

permit any Health Post t o  r epor t  t o  its ind iv idua l  super- - - 

visory Center. 



I 
In  Lieu thereof; the  Control Center can use its 4 c i r c u i t  

Patch panel t o  interconnect the  incoming transmission t o  a 

radio channel t h a t  w i l l  reach the desired supervisory point. 

I n  ce r ta in  instance i n  which t h e  Seal th  Post can communi- 

c a t e  only with a nearby Sub-center, instead of d i r e c t l y  

t o  the Control point ,  a secondary 4 circt:L% Patch Panel. 

can be provided fo r  that  intermediate switching function. 

9.4. Equipment Type Considerations 

9.4.1. Radio Equipment.- The type of two way radio  equipment 

required is a s  follows: 

- Modular Construction 

- Fully so l id  s t a t e  

- Single sideband (SSB), o r  VHF 

- Frequency range 2 t o  10 Mhz, o r  50 t o  120 Mhz. 

- Power output, control  Sta. 50 watts a l l  others 25 watt 

- 4 channel ca?acity, equipped with four c ry s t a l s ,  frequencies 

t o  be specified i n  accordance with frequency a l locat ion 

- t o  operate on 12 VDC o r  120 V.  - 60 Hz AC with simple 
- -. - 

wiring op t ion . to  change from one t o  the  other 

- Handset with receiver gain control  

- Key operated Loud speaker 

- Spare par t s  k i t s  



. .1. 

- Frequency s t a t i on  se lec tor  with alarm 

- Telephone patch panel where specif isd  

- 4  c i r c u i t  Patch Panel where specif ied 

- Manual of Operation , 

- Manual of Maintenance 

9.4.2. Antenna Equipment.. The antenna type recommended i s  a 

coaxial  cable-f ed, simpl= half  -wave dipole supported 1/8 

wavelength above ground. One dipole arrangement is  re- 

quired for  each frequency of operation. It is suggested 

t ha t  dipoles pre-cut t o  t he  proper frequency, and pre- 

assembles with the  necessary hardware and 100 f e e t  of 

coaxial cable be ordered. Two supporting wood or  s t e e l  

poles and necessary guys and anchors a r e  required per 

location. Poles and hardwares should be obtained local ly .  

9 . 4 . 3 .  Power Equipment.. There a r e  several  pos s ib i l i t i e s  fo r  

powering radio equipment ??here an exis t ing power system 

does not exis t .  All radio units w i l l  operate on 1 2  v o l t s  

D.C. from a bat tery  being charged by a r e a t i f i e r  un i t  from 

the A.C. l i n e  i f  such ex i s t s  o r  by a s a l a r  c e l l  where c p  -. - 
mercial power does not ex i s t .  

A. Solar Panel.- Photo-voltaic so la r  panels used i n  con- 

junction with lead-acid type storage ba t t e r i e s  appear 

t o  be the  moat suitable arrangemaat i n  non-commercial 

power areas . 



These panels have been successfully used f o r  radio operation. 

The lack of fue l  requirements and the  lack of maintenance 

associated with so la r  c e l l  i n s t a l l a t i ons  make t h i s  bat- 

tery  charging technique: su i t ab l e  i n  sunny area: locations 

sucn as  i n  Ecuador. The l i f e  of so la r  panels is estimated 

t o  be i n  excess of 15 years. 

Based on photo-voltai: c e l l  panels avai lable  from Solar 

Power Corp. of Bi l ler ice ,  Xass., it  is estimated t ha t  

one 36 c e l l  panel coupled wit.1 a 100 ampere hour lead- 

acid ba t te ry  w i l l  permit 1 112 hours per day operation 

of a 25 watt transceiver f o r  20 consecutive sunless 

days. 

A l l  50 w a t t  2 way radios a r e  located i n  areas tha t  have 
- 

commercial A.C. power, and as  such t;heir12 vo l t  bat tery  

w i l l  be charged with a hi-lo r e c t i f i e r  , i. e., 2 A/IOA. 

powered by 110 Volts A.C. 
- 

I 
B.Wind Generators.. l i k e  so la r  panels, do not requi re :  

fuel .  Unlike so la r  panels, however, they contain moving - -. - 
par t s  with tb i r  attendant maintenance :: reclirirements and 

lowered re1,iabil i ty.  Cost f igures  indicate  t ha t  wind- 

charger cos t s  a r e  1.5 rimes t he  cos t  of the  so la r  panel. 
- 

- 



C. Gasoline-engine Driven Generators-- This is the  l a s t  

choice of the  various power sources being considered 

f o r  charging t he  r ad io ' ba t t e ry  . Although the in i t i a l .  

c ap i t a l  cost  of a gasoline-engine driven generator may 

be lower t h a  fo r  e i t he r  so l a r  panels or  a windmill, 

the l o g i s t i c s  of providing fuel ,  need f o r  regular main- 

tenance, lower r e l i a b i l i t y ,  and shor ter  l i f e  do not 

favor t h i s  power source, except a s  a standby geraerator* 

9.4.4. Radio Equipment Costs. - A su i tab le  50 watt, ' " : 4 channel 

2 way radio a s  described under Section 9.4.1. would cost  in 

the  region of 1.400 U.S., while the  25 Watt "": 4 channel 

un i t  i s  valued a t  approximately US$1.150. 

9.4.5. Antenna Costs.- The dipole antenna, precut and assembled 

with a l l  necessary hardware and 100 f ee t  of coaxial  cable 

would cost  approximately US$200. 

Two t reated poles and necessary anchoring hardware a r e  

valued a t  US$100 each (available local ly) .  

9.4.6. Power equipment costs.- Each Solar Module plus 1-100 am- 

pere-hour battery,  together with an ammeter t o  observe the  
- -. - 

charge: r a r e  of the  panel w i l l  cost  about' USSSOO. 



10 Maintenance Considerations 

10.1. Importance of 2hintenance.- The Lzortance of proper routine 

maintenance of a l l  2 way radio i n s t a l l a t i ons  cannot be over 

stressed.  Although the  radio network may use the most 

modern and up to  da te  equipment and al!. i t s  software 

properly designed and constructed, the  performance of the  

network w i l l  slowly de te r io ra te  over time unless regular, 

rout ine  maintenance procedures a re  followed. It is net- 

.- -- -- -.. - - - -  - . - -  - .-. - - - . - - - - - 
-essary- to- roer ram- ren~?lar- on-sice. xisits a t  in te rva l s -  _- - -_' 

I 
not t o  exceed 6 months,to inspect, adjust  and repaid, i f  

required, a1.l hardware and software par t s  of the  system 

(The antenna is  usually the most neglected -par.c of radio 

maintenance, and is probably responsible fo r  more problems 

than the  radio equipment i t s e l f . )  

10.2. Maintenance Considerations 

1C.2.1. Maintenance Functions.- There a r e  two basic functions 

involved i n  keeping the  nij~.rork i n  good operation. One 

i s  s i te  maintenance: t h i s  iqcludes regular semi-annual 

checks of each s i t e  i n c l ~ d a . : ~ ~  tes t ing  and-tuning of 
- -. - 

the  radio,  and checks of tl:t: Tdtenna and power supply 

sys tem.  

The second is the  repa i r  function.- i.e. servicing of 

radios tha t  have broken down. Solid a t a t e  e lect ronics  

with modular design (e.g. with printed c i r c u i t  cards) 



Iiowever, e lect ronics  s k i l l s  w i l l  be required t o  

repa i r  the  radios. 

10.2.2. Human Resource Developmeat.- Another consideration 

is the extent to  which l oca l  people can b e  trained 

t o  take charge of operating, a d  a great  deal  of the  
! 

minor maintenance problems tha t  regularly occur. 

10.2.3. Ins t i tu t ions1  Commitment.- The commitment of the  

i n s t i t u t i on  charged with maintenance responsibi l i ty  

i s  a l so  an important consideration. It is assumed 

tha t  the  MOH cormnitment to its own system would be 

high.  he p r io r i t y  assigned t o  XOH system mainte- 

nance w i l l  depend on t h e i r  t ra ining workload, f inanc ia l  

incentive, and/or the  importance they assign t o  two-way 

radio operations. 

- 

10.3. Maintenance Options .- There a r e  a numbzr of ways to  approach 

the  Uintenance aspects of the  radio network, each with 
. . 

its respective advantages and disadvantages and varying 

degrees of benef i t  t o  the  development .of t he  heal th  care  

consideration5 for  the  people i n  the area being served by 
- -. - 

t he  radio system. 

10.3.1. Maintenance Contract with a Suitable Pr ivate  Firm o r  



Assuming a suitable. firm can be found, the advantage., 

of t h i s  arrangement is t h a t  the  responsibi l i ty  fo r  

maintenance'repair would be within a firm whose business 

is two-way radio. They would operate with an eff ic iency 

resu l t ing  from complete fami l ia r i ty  with the subject. 

A highly probable disadvantage is tha t  the  f i r m  might 

not b e  in teres ted i n  supplying the  maintenance service  

unless the  fau l ty  equipment i s  brought t o  t he i r  repa i r  

shops. This means t ha t  an adequate stock of replacements 

radio s e t s  must be inmediately available.  

It . s  t:stimated t ha t  t he  annual cos t  of a maintenance 

and repair  contract  with a l oca l  radio repa i r  organiza- 

t i on  would be approximately a s  follows for  i a s h o p  re- 

pair:  

Per Hour $20  + Par t s  

Warranty extension 20 s e t s  30 Per Year + Par t s  

... 
C - . .. 

It is not unreasonable t o  expect tha t  annual cost  of 

-. - 
subsequent mainten~ace contracts w i l l  increase as thd 

i n s t a l l a t i ons  ages. 30 maintenance shop appears to  b e  

in teres ted i n  f i e l d  maintenance of any kind. 



10.3.2. Developing a Maintenance Capabi l i ty  wi th in  t h e  MCH 

The f e a s i b i l i t y  of t h i s  op t ion  hinges on f inding the  proper 

personnel, both a technica l  expert  and s u i t a b l e  l o c a l  techni- 

c a l l y  t r a ined  personnel. So f a r  no Governnent Agency has 

been found t h a t  is w i l l i n g  o r  possesses the  equipment o r  

t h e  e x p e r t i s e  t o  repai f  2 way radios  adequately. Defective 

u n i t s  w i l l  have t o  be replaced on s i t e ,  and the  f a u l t y  

u n i t  shipped t o  the  con t rac t  r e p a i r  shop. This  opt ion  

c a l l s  f o r  equipping t h e  l o c a l  Health group with the neces- 

sary  equipment, veh ic le  and personnel t o  make such minor 

r e p a i r s  a s  they can, and t o  have the  t i n e  and knowledge 

t o  replace  f a u l t y  u n i t s  on s i te wi th  spa re  sets. 

11. Training and Evaluation 

Two' types of t r a i n i n g  must be considered 

1L.1. Training of radio  users ,  i.e. h o s p i t a l  and c l i n i c  person- 

ne l ,  and 

11.2 Training of radio  network operat ions and maintenance per- 
- .. - 

sonnel, t o  enable them t o  make minor r eps i rd  o r  adjustments 
- 

as required,  q r  i f  the  r e p a i r  opera t ion  is beyond t h e i r  s k i l l ,  
' . 

t o  be a b l e  t o  make a complete on-si te  replacement. 



11.3 Radio Users: Medical personnel  who use  :he two-way r a d i o  system 

w i l l  need t o  understand t h e  following: 

- U s e  of t h e  Etdio.- how t o  t ransini t  and r ece ive ,  when t o  

change channels ,  how t o  use t h e  s e l e c t i v e  c a l l i n g  u n i t ,  

and t h e  te lephone pa tch  and t h e  fou r  c i r c u i t  pa tch  panel  

- Radio Protocol.-  procedures inc luding  c a l l  s!.gns, schedule 

check-in, monitoring, phonet ic  a lphabet .  etc. 

- Logs.- importance of l ogs ,  procedures f o r  keeping l o g s ,  where 

t o  send completed l o g s ;  

- Power supply.- p a r t s  of t h e  power supply system, how t o  

check f o r  proper ope ra t ion ,  s imple t rouble-shooting.  

n manual w i l l  be  provided with simple explana t ions  and 

diagrams t o  cover  t h e  above poin ts .  1n add i t i on ,  t h e  ins- 

t a l l e r s  w i l l  p rovide  b a s i c  i n s t r u c t i o n  on use  of  t h e  r a d i o  

.and trouble-shooting whi le  i n  t h e  f i e l d .  However, we recom- 

mend a trainingworkshop involving a t  l e a s t  one r a d i o  ope ra to r  

from each s i t e .  The workshop would cover a l l  t h e  above 

p o i n t s  i n  d e t a i l ,  g i v e  p a r t i c i p a n t s  p r a c t i c e  i n  us ing  t h e  

r ad io  properly,  doing r o u t i n e  checks of t h e i r  equipment, 
- . - 

trouble-shooting, .and desc r ib ing  problems and broken p a r t s  

t o  t h e  p r o j e c t  persons.. These s k i l l s  w i l l  b e  important  

as t h e  r a d i o  u s e r s  w i l l  have to  ensu re  t h a t  t h e  antenna 



system and power supply are  checked regularly, and will 

have to be able to  indentify broken parts (e.g. insulators,  

guywires) or describe serious problems to the loca l  person- 

nel.  

Since the l o g s  w i l l  be &a important component of a l a t e r  

evaluation It w i l l  b e  important to ensure tha t  the users 

. understand their  significance and how to complete them. 

The workshop should l a s t  two to  three days i n  order to  

cover a l l  points involved and to provide some operating 

experience. 

11.4. Technicial Training.- As we have discussed elsewhere i n  

t h i s  report, system maintenance ra i ses  several major 

problems. 

- There is no GOE Agency that is interested i n  maintaining 

th i s  health ministry radio network. 

- Local Quito electronic firms a r e  capable of radio servicing 

but are  not interested i n  f i e l d  maintenance. 

- Trained radio technicians tend to  move to more prestigious 
. -- 

jobs i n  telecommunications o r  to  leave for  much higher 
- 

paying jobs i n  larger towns. 

For in-shop maintenance w e  recommend that radio servicing 

be' done by a local  firm. -ever, there would s t i l l  be a 

need for a Health Ministry technical manager t o  take res- 
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Tasks of the Communication Technical Manager, w i l l  iriclude: 

- keeping an inventory of spare s e t s  and spare par ts ;  

- shipping spare items to  s i t e  a s  required 

- exchanging spare radios with f au l t y  radios  from the  f i e l d  

andsendingradio out f o r  repair ,  and r c c o v e r i n ~  the rel~aired uni t .  

We propose t h a t  t he  majority of t ra in ing  f o r  a l l  options 

be on-site. Local personnel would work with the i n s t a l l e r  

i n  the  f i e l d  t o  l e a rn  i n s t a l l a t i on ,  antenna and power supply 

maintenance, and radio tes t ing.  The Technical nanager would 

learn  about inventory procedures from the  Ministry of Health 

and such record keeping a s  necessary. 

11.5. Evaluation 

11.5.1. Purposes of Evaluation.- It w i l l  b,. important t o  evaluate 

the two-way radio project  t o  determine t o  what extent it has 
4 

me- the communication requirements of theElOH and t o  determine 

what ac t ion  w i l l  be required a t  t i e  end of each 1 year study 

period- e.g. continued operation of the  ex i s t ing  system, eq;- 

pansion of the  system, in tegrat ion with other  ne~worlcs, etc., o r  
- - - 

'witn a nat ional  Control Point. 

Among the  questions t o  beanmered by the evaluation are: 



1. How r e i i a b l e  is t h e  system? What problems have there  been? 

2. Forwhat funct ions  i s  t h e  system used? 

3. What is the  opinion o f  t h e  users  about the  va lue  of the  

system? 

, 4 .  What e f f e c t s  has the  system had on hea l th  c a r e  de l ivery  

e.g. better.  adminis t ra t ion ,  emergency ass i s t ance ,  subs- 

t i t u t i o n  f o r  t ranspor ta t ion ,  e t ~ ?  

5. Should t h e  system be improved? modified? expanded? 

6. How s a t i s f a c t o r y  a r e  t h e  institutional arrangements 

f o r  operat ions and maintenance? 

7. What is the  s r 4 i t u s  of r u r a l  communication planning f o r  

t h e  country? Should t h e  XOH system be in teg ra ted  with 

a n a t i o n a l  system? 

I n  add i t ion  t o  providing answers t o  these  and o ther  questions, 

a t  the  end of the  study period the  co l l ec t ion  of data during 

the  p ro jec t  w i l l  be  an important source of information f o r  

formative evaluation. 

11.5.2. Evaluation Plan.- An inporcant source of information w i l l  - -. - 
be! simple logs  kept  a i  each site. Maintenance records w i l l  

a l s o  be used. "Before and a f t e r "  interviews w i l l  be conducted ' 

with users concerning t h e i r  requirements, expectat ione .... ... 



of the  necwork, opinions about the  network and its ef fec t iveness ,  

Key o f f i c i a l s  w i l l  a l s o  b e  interviewed. 

A budget should be provided f o r  each year of evaluat ion  by 

s p e c i a l i s t  ( s )  under each . a l t e r n a t e  Plan. The g r e a t e s t  

a c t i v i t y  w i l l  be following Year 1 f o r  development of 

instruments and interviewing,  and i n  Year 3 f o r  follow-up 

interviews and ana lys i s  of da ta .  

12. Plazls f o r  P ro jec t  Development 

12.1. Extension of commu-.,ication t o  coununity,  hea l th  workers.- 

One of t n e  goals of the  r u r a l  h e a l t h  program is t o  t r a i n  

v i l l a g e  hea l th  workers. It has been found t h a t  communica- 

t i o n  l i n k s  between hea l th  worker and c l i n i c s  o r  h o s p i t a l s  

can be important f o r  supervision of these workers, and f o r  

consul ta t ion  on p a t i e n t  problems, a s  we l l  as f o r  l o g i s t i c s  

(e.g. n o t i f i c a t i o n  when drugs are ava i l ab le  at  c l i n i c s ) ,  

and emergency ass is tance .  

An on-going problem ir, any hea l th  s t r u c t u r e  w i l l  be i n  
- .. - 

,supervision and encouragement. The supervisory o b j e c t i v e  

of each nurse-cainician say mean.that some one w i l l  re- 
- 

ceive  c l o s e  and s u b s t a n t i a l  support,  and other  may be  l e f t  
- 

on t h e i r  dwn. 

- 



In many Ecuadorian communities hea l th  worker a re ,  i n  f ac t ,  

without supervision and support. Examples have been c i t ed  

of these workers not having been contacted by a  supervisor 

fo r  up t o  severa l  years, with drug and medical supplies 

e i t he r  never arr iv ing,  or a r r iv ing  sporadically,  but always 

l a t e .  

It is un rea l i s t i c  a t  t h i s  point  to plan a  communication 

system l inking a l l  v i l l age  heal th  workers t o  c l i n i c s .  How- 

ever, in lcer ta in  areas  where they a r e  isola ted fo r  long 

periods (e.g. by snow or  f loods) ,  o r  wheretravel  is d i f -  . 

f i c u l t ,  two-way communication w i l l  be ?f considerable value 

This p i l o t  p ro jec t  using .'::.. . 2 way radio f o r  r e l a t i ve ly  shor t  

distance w i l l  determine the extent t o  which the radioscorn- 

munication network w i l l  be e~pailded i n  the  future.  

One or  more p i l o t  projects  could b e  added t o  the  planned 

system* t o  extend communication from c l i n i c s  t o  vi l lages .  

A careful  evaluation i s , r equ i r ed  to determine the cost 

effectiveness and s u i t a b i l i t y  of this application.  

12.2. Satellite Project;- USAID hao approved a six-year program 

t o  give developing countries anopportun'i'ty t o  gain experience 



i n  using s a t s l l i t e  technology f o r  r u r a l  development. Small 

e a r t h  s t a t i o n s  (3 meters t o  4.5 meters i n  diameter) powered 

by s o l a r  c e l l s  w i l l  be used f o r  two-way voice  comunicat ion ,  

r ad io  recept ion ,  and possibly TV receazion. Countries w i l l  

have t h e  opportunity t o  p a r t i c i p a t e i n d e m o n s t r a t i o n s  (under 

s i x  months) o r  p i l o t  p ro jec t s  (one t o  two yea r s ) .  

Once the  two-way rad io  system is i n  place and t h e  t r a i n i n g  

components of t h e  r u r a l  h e a l t h  prosram a r e  developed, Ecua- 

dor may wish t o  explore the p o s s i b i l i t y  of s a t e l l i t e  commu- 

n i c a t i o n  t o  some s i t e s ,  S a t e l l i t e s  have t h e  advantage of 

providing very r e l i a b l e  communication r egardiess of t e r r a i n ,  

and t he re fo re ,  would be an i d e a l  means of reaching remote 

mountain c l i n i c s .  In  addi t ion ,  t h e  higher r e l i a b i l i t y  and 

s i g n a l  qua l5 ty  would allow f o r  seminar and continuing 

education programs. 

12.3.De beginning of a r u r a l  telecomnunication S y s t e m r ~ s  noted, 

teleconrmunication can be an important p a r t  of  i n f r a s t r u c t u r e  

t o  support  many r u r a l  development a c t i v i t i e s  i n  a d d i t i o n  t o  

hea l th  - e.g. r u r a l  cons t ruct ion  p ro jec t s  such a s  roads,  

dams, and housing; a g r i c u l t u r a l  p r o j e c t s  involving extension-.  - 

workers; rural aducation, etc. 

In a n t i c i p a t i o n  of these  app l i ca t ion  i t  is recommended t h a t  

the  r a d i o  network be a c c e s s i b l e  a t  c e r t a i n  times f o r  non- 

hea l th  use, and t h a t  spa re  channels be included t o  al low 
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